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the challenge of optimizing irrigation in this area. The objective of this
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Yield, Water Supplied, North-Niayes Lowlands of DeurDiabi, Lac Kalassane, FersetNdoye, BoulAyni and

Nguéthiouro in the Niayes. In this regard, surveys were carried out with
123 farmers in these five lowlands, focusing on irrigation management
at plot level. The volumes of irrigation water supplied per plot and the
yields are calculated on the basis of these surveys. Water productivity
was determined based on water volumes supplied and yields. Results
showed that the volumes of water supplied are very high compared to
crop water requirements and yields are relatively low. Water quantities
applied per season varied between 3330 m3/ha and 5000 m3/ha and
yields varied between 18 t/ha and 27 t/ha. Thus, tomato water
productivity is varied between 5.00 and 5.96 kg/m3 with an average of
5.18 kg/m3. These results show that tomato water productivity in this
area is very low and has to be improved. These results can be of great
contribution to irrigation optimization.
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Introduction:-

The world is facing the challenge of rapid population growth. In 2006, the world's population was estimated at 6
billion people. However, it is projected to increase to about 8.1 billion by 2030, representing 35% growth (Playan
and Mateos, 2006). However, 95% of this expansion is projected to originate in developing countries (OECD/FAOQ,
2016). Sub-Saharan Africa will be the area most affected by population growth. Indeed, population growth in sub-
Saharan Africa is estimated at 2.7% per year between 2016 and 2025, resulting in an increase in population from
0.96 billion to 1.22 billion over the same period (OECD/FAO, 2016). This growth of the world population is
correlated with additional demand for food and developing countries are considered to be the main drivers of this
additional global demand for agricultural products over the next decade. Indeed, it is expected that food needs of the
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world's population in 2050 will be 60% higher than in 2005. However, this increase will be more significant in sub-
Saharan Africa, whose population's demand for cereals will have to be three times higher than population needs in
2005 (Van Ittersum et al., 2016).

For this purpose, an increase in food production must be achieved through efficient and sustainable agriculture.
Agriculture should be classified in first place for achieving food security (FAO, 2001). An FAO analysis of 93
developing countries predicts that global agricultural production will increase by 49% in rainfed systems and 81% in
irrigated systems between 1998 and 2030 (Playan and Mateos, 2006). However, rain-fed agriculture, which provides
the largest share of global food production, is menaced by the potential increase in future climate variability and
rainfall scarcity (Rowhani et al., 2011). For example, agricultural production in sub-Saharan Africa is particularly
vulnerable to the effects of climate change since rainfed agriculture accounts for 96% of total agricultural production
(Serdeczny et al., 2016). Increases in temperature and decreases in rainfall resulting from the effects of climate
change are likely to negatively impact farmers' livelihoods in some Sahelian and sub-Saharan African countries,
including Senegal (Yunana et al., 2017).

Therefore, irrigated agriculture is needed to meet crop water requirements for an entire season. Irrigated agriculture
is by far the largest user of freshwater, accounting for about 70% of global withdrawals (FAO, 2011). In Senegal, it
was estimated at 2,221 Million m®, water consumption from water resources in 2002 of which 93% was for
agriculture (FAO, 2005). However, water resource utilization for irrigation purposes has consequences. It negatively
impacts water resources in some areas, such as Niayes region. In fact, Niayes zone occupies an important position in
Senegal's economy. It ensures production of nearly 80% of the market garden products used at national scale (Fall
and Fall, 2001) and includes 65% of farms (Ndiaye et al., 2012). However, horticultural production is associated
with intensive exploitation of water resources. Water used in irrigation in this area comes mainly from groundwater.
However, in recent years, this water source has been subject to some degradation due to its intensive use for
irrigation. In 2002, it was estimated that 10.6% of the annual water abstraction from groundwater was used for
irrigation of horticultural products for an area of 28.93 ha in the Niayes area. As a result, the quantities of water used
for irrigation have become far above renewable resources (HORTICA, 2004). Thus, it is important to improve water
productivity in this area.

Over the past decade, agricultural water productivity has been the subject of numerous studies. These have been
carried out by international institutions such as the International Water Management Institute (IWMI), the
international water research center attached to the Consultative Group on International Agricultural Research
(CGIAR) and the Food and Agriculture Organization of the United Nations (FAQ) (Molden et al., 2007). Several
studies have been conducted to assess water productivity. These studies have very often been conducted to compare
irrigation systems. For example, it has been shown that tomato productivity varies between 5 and 20 kg/m3 (Molden
et al., 2010). This productivity was estimated at 9.3 kg/m3 in Southern Togo (Arouna et al., 2018). Also, it was
estimated at 10.58 kg/m3 in the Nile Delta in Egypt (El-Marsafawy et al., 2018).

However, to our knowledge, there is no study on tomato water productivity in the Niayes area, even though this crop
is the second most important horticultural crop and the third most exported horticultural product in Senegal (ANSD,
2017). It is in this context that this present study aims to evaluate the productivity of tomato irrigation water in the
market gardening lowlands of Gandiolais.

Materials andMethods:-

Study area:

This study was conducted in the Gandiolais area which is located in the northern limit of the Niayes, between
Gandon and NdiébéneGandiol communes (Figure 1). More specifically, it concerns five (05) market gardening
lowland in five (05) villages distributed between these two communes:

1. Gandon: Deur Diabi (Rao Peul), Boul Ayni(KeurSaér),

2. NdiébéneGandiol: Lac Kalassane (Kalassane), FersetNdoye (Ndoye Diagne), Nguéthiouro (Pelour 1 Mbotilme).
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Figure 1:- Location of the study aré.a.

Climate of the study area:

Climate in the study area is Sahelian with a long dry season from October to June and a short rainy season of three
months. Average annual precipitation is low and rarely exceeds 300 mm/year (ANACIM, 2016). Moderate
temperatures are influenced by circulation of maritime trade winds blown by cold currents from the north (Azores).
Average annual temperatures are between 23.7°C and 25°C. The highest average monthly temperatures are between
35 °C and 37 °C and occur during rainy season. From November to February, minimum and maximum temperatures
are below 18°C and 28°C respectively (ANACIM, 2016). Harmattan raises early winter temperatures to a maximum
of 31°C between May and June. Relative air humidity remains high and reaches 90% near the coast, with minima
above 15% in the inland parts of the Niayes.

Water and soil resources:

The Niayes area is devoid of permanent surface water. Water resources in these areas consist mainly of
groundwater. The main water reserve is a shallow aquifer of good quality that extends throughout the area. This
aquifer is essential in supplying water for all requirements (Touré and Seck, 2005). Average annual precipitation is
low and rarely exceeds 300 mm/year (ANACIM, 2016). However, off-season rains often occur in dry seasons,
especially during cold periods (December, January, and February). These rainfalls resulting from intrusion of polar
air masses, irregular and scarce, are nevertheless of great importance for the practice of off-season crops in this
environment (Fall and Fall, 2001).

Soils in Gandiolais region are also characterized by salinity, which reduces the yields of the crops grown. Farmers
sometimes stop working their land because of the salinity of the soil or water. The overall geomorphology is a
mosaic of dunes and interdune basins with flat bottoms, more or less incised, where soils are formed with little
evolution of input, poor and very susceptible to erosion (Diallo et al., 2015). Local names make it possible to
characterize its topographic profile. Thus, locally, the reverse side of the lowland is called Dior (sandy soil), the
slope is called Mbamba (sandy-clay soil) and the bottom is locally called Khour (clay soil) (Seck et al., 2017).
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Data:
Data collected in this study come from surveys carried out on plots in the five lowlands but also from measurements
of water volume and yields collected.

Sampling frame for data collection:
The sampling frame consists of a list of 216 plots from the five lowlands. Plots are distributed among the five (05)
lowlands (Table 1).

Table 1:- Plots distribution by lowland.

Lowlands Number of plots
DeurDiabi 110

Lac Kalassane 36

BoulAyni 32

FersetNdoye 23

Nguéthiouro 15

Total 216

Determination of sample size:
Sample size was calculated using the formula of Giezendanner (2012) (Eqg. 1).

n=_,9N__ (Eq.1)

T ©Z+@er(N-1)
Where n is sample size, t is margin coefficient deduced from the confidence rate, N is Size of target population (total
number of plots), and ¢ is margin of error. & represents the range of certainty within which answers obtained are
accurate. It is generally between 1 and 10%;

For this study, margin of error of € = 5% and 95% confidence interval (which implies an inferred margin t = 1.69)
were used to calculate the sample size. This resulted in a sample size of 123 plots.

Sampling rate:

To determine sample size at each lowland, a sampling rate was calculated from equation 2:

T =3 (Eq.2)

Where T is Sample rate, n is sample size, and N is target population size (total number of plots).

This gives a sampling rate T of 56.9%. It allowed us to determine the number of households to be surveyed in each
lowland (Table 2).

Table 2:-Sample size by lowland.

Lowland Nomber of plots Sample size
DeurDiabi 110 63

Lac Kalassane 36 20
BoulAyni 32 19
FersetNdoye 23 13
Nguéthiouro 15 9

Total 216 123

Questionnaire elaboration, testing and data collection:

Questionnaire was developed for data collection. Following the development of this data collection tool, a
simulation (survey scenario) of the administration of data collection tool was conducted. Subsequently,
questionnaire administration was field-tested in Yibalowland located in the study area but not included in the
selected study lowlands. Tests were conducted to ensure an understanding of questions and issues to be considered
during interviews.

Data collection was conducted from August 26 to September 19, 2019, with a semi-structured questionnaire
administered to producers owning plots.
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Determination of total volume of water applied:

The total volume of water used was estimated from the number of buckets used per irrigation unit and per irrigation
day, the volume of buckets and the number of irrigation days per crop throughout a season. The number of irrigation
days (Eq. 3) was obtained from the frequency of irrigation and the crop cycle of speculation. These two parameters
were obtained from field surveys. The number of days of irrigation was obtained from crop cycle and number of
rested days (without irrigation).

Numberofdayofirrigation= Cropcycle — Numberofrestday (Eqg. 3)

The number of irrigation days was multiplied by the volume of water applied per irrigation day per unit to determine
the total volume of irrigation water applied to a unit (TVU) (Eq. 4) throughout the season for a given crop.
TVU = Numberofbuckets * Volumeofabucket * Numberofirrigationday (Eq. 4)

Number of buckets per unit was obtained from field surveys and area harvested was obtained by measurement from
the Field Area Measure (FAM) application. Unitary area (Sp) was calculated from dimensions such as length (L)
and width (1) of each unit obtained using a decameter. Length (L) was multiplied by width (I) to obtain the unit area
(Sp), as shown in equation 5:

Sp=Lx1 (Eq.5)

Where Sp is surface area of units (m?), L is length of units (m), and | is width of units (m).

Total volume is divided by the area of the unit and then multiplied by the area cultivated (Eg. 6) to obtain the
volume brought in throughout the season.

Ve = :—;* VTP (Eg.6)

Where Ve is Volume of water (m3/ha), Se is Cultivated area (ha), Sp is Surface area of units (ha), and VTP: Total
volume of water per unit (m*/ha).

Yield determination:

Yield was determined based on production and area cultivated. Production was obtained from interviews and
calculations based on the number of traps obtained per area cultivated and the weight of the trap. Number of traps
was multiplied by weight of each trap to determine production. This production corresponds to the quantity of
products expressed in kg per area cultivated. Production was divided by cultivated area expressed in ha and then
converted into tonnes (t) in order to estimate the average yield of each speculation in Gandiolais area.

Water productivity calculation:
To calculate water productivity, the formula proposed by (IWMI, 1997 (Dembélé et al., 2001) (Eq. 7) was used :

P
PE = Ve (Eq 7)

Where PE is Irrigation Water Productivity (kg.m™), Ve is Volume pumped or Volume of water abstracted at source
for irrigation m3/ha, and P: Yield (kg/ha).

Results and Discussion:-

Water volume supplied:

Figure 2 shows the variation in volumes of water brought into each lowland during growing season. This volume of
water was estimated after transplanting the plants, without taking into account quantities of water supplied during
nursery irrigation.
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Figure 2:- Variation in water volumes applied per lowland during growing season in Northern Niayes area.

Results show that the volumes of water applied are variable within the same lowland. This variation is more
pronounced in Boul Ayni and Lac Kalassane lowlands and less so in Ferset lowland. Thus, volumes of water applied
vary between about 3330 and 5000 m*ha in BoulAyni lowland, 3746 and 5000 m*/ha in DeurDiabi lowland, 3800
and 5000 m*ha in FersetNdoye lowland, 3333 and 4800m%ha in Lac Kalassane lowland and 3330 and 4750 m*/ha
in Nguéthiouro lowland. With the exception of BoulAyni lowland, 50% of farmers provide a volume of water higher
than 4000 m*/ha, or even higher than 4500 m*/ha in Lac Kalassane lowland.
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Figure 3:- Average volume of water applied per hectare per lowland in the Nord Niayes area.

Results (Figure 3) show that the average volume of water applied to the tomato cultivation reached 4000 m*/ha in all
lowlands. The highest mean volume was obtained in Lac Kalassane lowland; it is estimated at 4391 m*ha in this
area. However, the lowest mean volume was observed in Nguéthiouro lowland where it is estimated at 4119 m3/ha.
In DeurDiabi, FersetNdoye and BoulAyni lowlands, the mean values of water volume supplied are estimated at
4370, 4365 and 4130 m*/ha, respectively. However, similarly to the other lowlands, the volumes of water brought in
by the majority of farmers are above the average value. For this purpose, it is estimated at about 55%, 65%, and
95%, respectively in DeurDiabi, BoulAyni, and FersetNdoye lowland.

The small amount of water provided to Nguéthiouro lowland can be explained by the short duration of the late phase
(ripening) of the crop. Indeed, plants tend to dry out just after two to three harvests. As a result, irrigation is stopped
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well before the end of the crop cycle of the plant. Regarding FersetNdoye lowland, most farmers practice manual
extraction water source techniques. Consequently, access to water is difficult in these conditions, which may be the
reason for moderate use of water in this lowland compared to others. BoulAyni is also a lowland in which water
volumes provided to tomato are low. In this lowland more than 80% of farmers use manual dewatering technique,
and groundwater table from which water used exclusively for irrigation comes is deeper than in the other lowlands.
In fact, daily quantities of water extracted from wells are relatively small due to the arduous nature of manual water
extraction from wells, which does not allow them to have a significant difference between two successive days of
irrigation. Furthermore, the quantities of water provided during growing season higher in Lac Kalassane lowland
may be explained by the fact that farmers in this area are more advanced in terms of equipment used for irrigation
compared to other basins. For example, they practice more motorized dewatering techniques, which facilitates their
access to water for irrigation.

Yields:
Results show that yields obtained vary on average between 18 and 27 t/ha, for an average of 22 t/ha (Figure 4).
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Figure 4:-Tomato yield per hectare per lowland in the Nord Niayes area.

The average tomato yield in Gandiolais is almost homogeneous, varying from 19 to 26 t/ha in DeurDiabi, from 18 to
26 t/ha in BoulAyni, from 18 to 25 t/ha in Lac Kalassane, from 19 to 27 t/ha in FersetNdoye and from 20 to 24 t/ha
in Nguéthiouro lowlands. The lowest yield values were observed in BoulAyni and Lac Kalassane lowlands (18 t/ha).
At Lac Kalassane, tomato cultivation is under heavy nematode pressure. This could explain the low yield recorded
in this area.

However, these yields are more or less acceptable compared to the average tomato yield obtained in Senegal River

valley, which is estimated at 24.3 t/ha (Huat, 2006). However, they are well below yields estimated between 45 and
65 t/ha indicated by Doorenbos and Pruit (1977) for arid and semi-arid regions.

Water productivity:
Figure 5 shows variations in water productivity of the tomato crop in the five lowlands studied.
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Figure 5:- Variation in water productivity of tomato by lowland in the Northern Niayes area.

Results in Figure 5 show that tomato water productivity is more variable in the Nguéthiouro, Lac Kalassane, and
BoulAyni lowlands. It ranged from 5.01 to 5.51 kg/m® in BoulAyni lowland, 5.01 to 5.30 kg/m® in DeurDiabi
lowland, 5.00-5.96 kg/m® in Nguéthiouro lowland and 5.01 to 5.52 kg/m® in Lac Kalassane lowland. In addition,
50% of farmers in DeurDiabi and FersetNdoye lowlands and more than 50% in BoulAyni and Kalassane Lake
lowlands have productivity greater than or equal to about 5.15 kg/m3.
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Figure 6:- Average tomato water productivity per lowland in the Northern Niayes area.
Figure 6 shows that the average value of water productivity of the tomato reaches 5.27 kg/m?® in Nguéthiouro

lowland and 5.25 kg/m® in Lac Kalassane lowland. The mean values of water productivity in FersetNdoye,
BoulAyni, and DeurDiabi lowlands are 5.23, 5.19 and 5.13 kg/m? respectively.
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Differences in water productivity between lowlands are related to differences in applied water volumes and yields.

Water productivities in this area are generally low corresponding to the lower value of water productivity ranges
proposed by (Molden et al., 2016). These reference values range from 5 to 20 kg/m*. A study realized in Sahelian
zone in Mali, (Coulibaly et al., 2018) obtained water productivity of 4.52 kg/m® in dry season tomato crop manually
irrigated with mineral fertilization (NPK) with a yield level of 38 t/ha. This productivity reaches 9.34 kg/m* with
mineral treatment (NPK) and drip irrigation system for a yield level of 63 t/ha. Also, water productivity was
estimated at 10.58 kg/m°® in Nile Delta in Egypt (El-Marsafawy et al., 2018). These results obtained confirm that
water productivity is generally low in the Northern Niayes area. This very low water productivity is mainly related
to the very high quantities of water applied per season in addition to the low yields obtained following tomato
harvest in this area.

Conclusion:-
The objective of this study is to assess tomato irrigation water productivity in the northern Niayes area in Senegal, in
the market gardening lowlands of Gandiolais region.

A survey was carried out on a sample of 123 plots in DeurDiabi, BoulAyni, Lac Kalassane, FersetNdoye, and
Nguéthiouro lowland and the total volumes of water applied, yields and water productivity were determined for each
plot.

Results show that water productivity in Gandiolais area is relatively low. They result in very high volumes of water
applied compared to the net water requirements and relatively low yields. Productivity is between 5.00 and 5.96
kg/m3 with an average of 5.18 kg/m3. Water productivity is lower in Deur Diabi lowland and higher in BoulAyni,
Kalassane Lake and Nguéthiouro lowlands, respectively. The results obtained are in fact consequence of a very
complex system that includes collection means and techniques of water extraction, irrigation system, as well as
irrigation water management.

However, water productivity can be considered as a very important tool that can be used in water management.
Thus, it is a useful indicator in agriculture that can be further studied to take into account cropping practices,
fertilization, as well as predators and disease management.
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