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Abstract 
The find for the optimal slide of water to bring to the plot during the irrigated 
onion crop was important in order to limit the recharge of the water table 
close to the soil surface. The quantities of water supplied during onion irriga-
tion were estimated from measurements made with a metal crest to the plot 
positioned at the tertiary canal. The flow rates at the tertiary canal directly ir-
rigating the plot were recorded during irrigation. From this flow rate, the 
quantity of water supplied to each plot was determined. From then, the per-
formance of the irrigated system in onion cultivation should pass on the 
management of this water slide at the level of the hydroagricultural facilities. 
The integrated soil water mass, salinity and water table dynamics monitoring 
system was used to assess the water requirements of onion following the irri-
gation. The daily water requirement of onion in the holland soil of the delta 
was estimated to average 0.45 g/m3. These requirements were varied accord-
ing to the development stage of the crop. The water level between the ridges 
was between 6 and 9 mm during irrigation. This was not permanent, it infil-
trated between 12 and 18 hours. This type to the stingray irrigation did not 
favour the arrival of the water table on the surface. The only fluctuations in 
the water table were observed during the bulb maturation phase. During this 
phase, the soil water masses were important. The electrical conductivity rec-
orded varied during the campaign. At the beginning of irrigation, it was 3.62 
mS/cm on a 30 cm profile, it decreased towards the end of the irrigations to 
reach 2.06 mS/cm. The quantities of salt recorded on a 30 cm profile varied 
from one month to the next; they were 0.468 t/ha at the beginning of irriga-
tion (January) and 0.275 t/ha at the end of the campaign (April). From these 
results we can say that land degradation in the Senegal river delta would be 
linked to the arrival of salty groundwater on the surface. 
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1. Introduction 

In the delta area, market gardening is developing with a large share devoted to 
the cultivation of onions (Allium cepa L.), which is the most produced and con-
sumed vegetable in Senegal [1]. At the economic plan, this irrigated crop occu-
pied the first place in terms of income ahead of rice cultivation, especially since 
onion was arriving the market when demand was high and prices were high [2]. 

In the delta, onion cultivation is now closely linked to the main crop, rice 
growing, especially as it occupies the same plots, shares the same irrigation net-
works and follows it in the calendar [3]. In contrast to rice cultivation, irrigation 
in onion cultivation mobilises less important volumes of water [4]. However, 
depending on the type of irrigation, a number of problems occur in onion pro-
duction, preventing the plant from developing its full potential [5]. This situa-
tion wears prejudice to the commercial output of the culture and the quality of 
products. The irrigation of the plants during culture seems to have a determin-
ing role [6]. The irrigation of the plants during culture seems to have a deter-
mining role. In fact, if it is well controlled, furrow irrigation should be preferred 
to basin irrigation, especially in heavy soils [7]. In the delta area, the frequency 
and irrigation rhythm in market gardening (irrigated onion cultivation) are left 
to the discretion of the producers, although there are tools to help with decision 
plug making exist. The latter is increasingly used in agriculture for deci-
sion-making. This is how the main objective of this study is to make a daily fol-
low-up of the water of the irrigations of the plots thanks to the sampling of the 
soil moisture rates in order to determine the quantities of water necessary to the 
plant during the cycle and to define the frequency to arrive at a better manage-
ment of the plots in irrigated culture of onion. 

2. Materials and Methods 
2.1. Presentation of the N’Diaye Irrigated Area 

The village of N’diaye, which hosts the irrigated perimeter, is located 35 km 
from the city of Saint-Louis in a transition area between the oceanic influenced 
climate and the semi-desert climate [8]. At the geomorphologically plan, the 
agricultural perimeter is located in a settling bowl, a topographical depression 
with clay soil that limits, a priori, infiltration and therefore favours rice and 
market gardening [9]. 

The Ndelle and Ndiaye perimeters were created in 1978, forming a single de-
velopment known as the Ndelle-Ndiaye bowl [10]. With the restructuring that 
took place in 1989 during the new agricultural policy and the disengagement of 
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the SAED, they were separated and transformed into a large non-transferred 
development [11]. Thus, this perimeter was managed by a Hydraulic Union to 
which SAED would have entrusted the responsibility of exploitation. In 2008, 
within the framework of the Lampsar left bank project, the facilities were rehabili-
tated and the exploitable area of the N’diaye perimeter is evaluated at 274 ha [9]. 

2.2. Crop Data 

The most commonly grown onion variety in the Senegal river delta was Galmi 
[12]. After 4 - 5 weeks in the nursery, the young plants were transplanted in ear-
ly January and harvested about 100 days later in April [12]. At difference to rice 
cultivation, irrigated onion cultivation was practised on plots ploughed in ridges 
(Figure 1). Before transplanting, pre-irrigation was carried out the day before. 
The transplanted plants were between 10 cm and 12 cm high. All the plots were 
irrigated at stingrays. For this study, the hypothesis formulated was that there 
was no fertility stress existed and that the recommended local doses of nutrient 
have been applied, i.e. 750 - 1000 kg/ha of organic manure, 300 kg/ha of NPK 
10-10-20 and 100 kg/ha of urea [12]. A chemical treatment (osophore or Super 
large Califlora) of weeds was applied to the plots. However, all plots were regu-
larly weeded.  

 

 
Figure 1. Irrigated onion cultivation by ridging. 

2.3. Assessment of Real Evapotranspiration 

The real evapotranspiration in irrigated onion cultivation in the N’diaye bowl 
was determined from data collected at the AfricaRice meteorological station in 
N’diaye. To calculate the real evapotranspiration it is necessary to determine the 
reference potential evapotranspiration (rPET), which was estimated by the FAO 
Penman-Monteith method [13]. The real evapotranspiration of the crop was calcu-
lated by multiplying the reference potential evapotranspiration of the site with the 
crop coefficient (kc), the value of which depends on the development stage of the 
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crop. The crop coefficients for onions at different stages of development have been 
defined by Van Leare (2003) [14] in “The Irrigation Memento” (Table 1). 

 
Table 1. Crop coefficients for onion according to development stage. 

Kc init (4 - 5 leaf stage) Kc mid (bulb maturation stage) Kc fin (maturity stage) 

0.7 1.5 0.85 

2.4. Monitoring Water Inputs during Irrigation 

The quantities of water brought to the plot during the irrigated cultivation of 
onions have been often difficult to estimate in view of to the gravity at stingrays 
irrigation method used [12]. In the framework of this study, for a good quantifi-
cation of water inputs, a technique was developed to measure the hydric flow in 
the tertiary canals irrigating the plots. The Hydric flows in the tertiary canals di-
rectly irrigating the plots were recorded during irrigation. The experimental de-
vice was a metal crest with a spout facing the plot. The filling time of a container 
of known volume was timed. After different tests on the experimental plots the 
average flow rate was obtained. This hydric flow observed at the level of the ter-
tiary channels connecting the secondary channel to the plots depended directly 
on the water level in the latter (Figure 2). This measurement had allowed to 
have an idea of the quantities of water brought in, knowing the duration of each 
irrigation. At each irrigation, the height of the water slide level between two 
ridges was measured from a graduated scale. This water slide was a function of 
the proximity of the plot at the conduct principal due to the use of the gravity 
system during irrigation. This water slide was not permanent, it was lost by in-
filtration and/or percolation a few hours after irrigation (Figure 3). 

 

 

Figure 2. Furrow irrigation system in an onion crop. 
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Figure 3. Condition of the plot the day after irrigation. 

2.5. Monitoring of Soil Water Content 

In irrigated cultivation, knowledge of the hydric profiles and electrical conductivity 
of a slice of soil were fundamental to follow the migration fronts of moisture and 
solutes during infiltration [15]. 

The water content of a soil varies between a minimum value (the residual wa-
ter content, θr) and a maximum value (the saturation water content, θs). The 
saturation water content is in principle equal to the porosity of the soil, i.e. all 
the pore space is occupied by the solution. In reality, it is always lower than this 
porosity value due to air trapping [16]. However, there are several methods to 
assess the amount of water present in the soil during irrigated onion cultivation 
or volumetric water content. For this study, the gravimetric method (weighing, 
drying at proofer and weighing) was used. It consisted of taking soil samples at 
depths of 15 cm and 30 cm level the experimental plots to assess the water con-
tent of the soil. Soil cores were augered just after the irrigation water has been 
infiltrated and on the eve of the next irrigation. They were then preserved in 
moisture-retaining rings and forwarded to the laboratory where the gravity me-
thod was applied. To do this, the soil samples were weighed in a cool place and 
then past in an proofer at 105˚C for 48 hours. From the water content profiles ob-
tained, the water stock contained in the soil per unit area was evaluated and then 
translated into water slide equivalent [16]. Gravimetric water content was meas-
ured weekly at 15 cm and 30 cm depths. For each measurement three repetitions 
were made per plot. 

2.6. Monitoring of Groundwater Table Dynamics 

Monitoring of the dynamics of the groundwater table was carried out by a device 
consisting of a network of piezometers. This device was set up within the 
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framework of the “control of irrigation water for sustainable agriculture” 
project. A line of piezometers (P1, P3, P5 and P7) was drilled along the sec-
ondary canal during the project. These piezometers were 6 m deep and have 
been screened at the base. Measurements were carried out in three phases: be-
fore irrigation, throughout the crop cycle (January-April) and after the onion 
harvest (May-June) to properly describe the fluctuation of groundwater in rela-
tion to inputs. Measurements were made weekly. 

2.7. Monitoring of Electrical Conductivity 

The assessment of electrical conductivity (EC) at plot level during the campaign 
was carried out by taking soil samples followed by laboratory analysis. These 
samples were taken manually by auger at depths of 30 cm as onion bulbs did not 
exceed this depth at maturity. Once in the laboratory, they were analysed ac-
cording to the soil/water ratio = 1/5 [17]. 

3. Results 
3.1. Irrigation Schedule 

At irrigated onion cultivation before transplanting the plots has been pre-irrigated. 
This pre-irrigation had of role to facilitate transplanting activity to mitigate 
ridges temperatures and to keep the root system in the soil. Fifteen days after 
transplanting, the first irrigation of plots C (C1-4) and F (F1-F2) was carried out 
(Table 2) thereafter an irrigation frequency of twelve days interval was applied. 
During the bulbaison and ripening phases the irrigation intervals were sometimes 
reduced from twelve to one week depending on the behaviour of the crop (Table 
2). After the bulbs had matured and once the leaf senesced was completed, irri-
gation was stopped, time to lef the bulbs to dry out before harvesting. 

 
Table 2. Irrigation dates (January-March). 

Name Variety Plot code 
Transplanting 

date 
Pre-irrigation 

1  
irrigation 

2  
irrigation 

3  

irrigation 
4 

irrigation 
5  

irrigation 
6 

irrigation 

Mr DER 
Purple 
Galmi 

C1 05/01 04/01 20/01 01/02 13/02 01/03 07/03 21/03 

C2 06/01 05/01 20/01 01/02 13/02 01/03 07/03 21/03 

C3 07/01 06/01 20/01 01/02 13/02 01/03 07/03 21/03 

C4 08/01 07/01 20/01 01/02 13/02 01/03 07/03 21/03 

Mr FALL 
Purple 
Galmi 

F1 05/01 04/01 20/01 31/02 07/02 14/03 28/03 15/03 

F2 05/01 04/01 20/01 31/02 07/02 14/03 28/03 15/03 

3.2. Soil Water Balance 

Figure 4 allowed the evolution of the soil water reserve over time along the crop 
cycle. In non-flooded irrigated cultivation (absence permanent of the water slide 
during the crop cycle), the state of the soil water reserve could be appreciated by 
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means of a water balance as the quantity of water consumed by the crop. The 
water mass in the soil had remained largely above the evapotranspiration of the 
onion, thus sufficient to cover the water needs (Figure 4). At the end of the crop 
cycle, evapotranspiration was higher than the soil water mass, allowing dryning 
the onion bulbs. This water balance, which was the difference between the “wa-
ter inputs” (irrigation in the case of an irrigated crop) and the “outputs” (water 
losses through evapotranspiration, drainage, percolation, consumption by the 
plant), made it possible to estimate the quantities available in the soil that were 
supposed to be usable by the crop (Figure 4). 

 

 
Figure 4. Relationship between water mass in the soil and evapotranspiration losses. 

3.3. Evapotranspiration 

The water content by volumic of the soil in a 30 cm profile at irrigated onion 
cultivation in the delta in the counter-hot season averaged 0.625 g/m3. It was 
maximum (0.680 g/m3) at the bulb growth phase (Figure 5). During this phase 
the onion was very sensitive to water stress. Therefore, in the absence of a perma-
nent water slide on the soil surface due to the irrigation method used (by ridging), 
the only water losses observed in the plots were crop evapotranspiration. The daily 
evapotranspiration varied between 4 mm and 8 mm with an average of 5.50 
mm/day. This evapotranspiration varied according to the development stage of 
the crop (Figure 5). In short, despite the water losses through evapotranspira-
tion, the mass of water retained in the soil was sufficient to cover the water needs 
of the plant (Figure 5). 

From the results of the observed water content in the plots, a simulation was 
made to estimate the water mass that could cover the water needs of the crop 
(Figure 5). During the whole the season, the observed soil water content exceeded 
that simulated (Figure 5). 
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Figure 5. Observed and simulated soil water content during the campaign. 

3.4. Relationship between Soil Volumic Water Mass and the  
Dynamics of the Groundwater Table 

In the irrigated area of N’diaye, the monitoring of the dynamics of the water ta-
ble during irrigated onion cultivation was monitored. Figure 6 highlights the 
behaviour of the water table as a function of the water mass present in the soil  

 

 
Figure 6. Relationship between water mass volumic and water table dynamics in irrigated onion cultiva-
tion. 
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during the campaign. During this campaign, with the stingray irrigation system, 
the percolation and/or infiltration of irrigation water was low and hardly had 
reached the water table, resulting in less recharge of the water table. On the other 
hand, during the bulbing and ripening phase, the bulbs were very sensitive to the 
drop in soil water content, which hinders their development. From then on, 
producers did not hesitate to bring in large quantities of water, thus causing a 
slight rise in the groundwater table (Figure 6). 

3.5. Variability of Electrical Conductivity as a Function of the  
Water Mass in the Soil 

The results obtained with the soil sample analysis method had established a rela-
tionship between volumic water content and electrical conductivity (Figure 7). 
At the beginning of the crop irrigations the electrical conductivity had reached 
its maximum (3.62 mS/cm) and it deminished (2.03 mS/cm) towards the end of 
the crop cycle (Figure 7). These data allowed us to characterise the evolution of 
the salinity of the plot during irrigation. 

 

 
Figure 7. Comparative evolution of soil electrical conductivity as a function of soil volumic water 
content. 

3.6. Hydrosaline Dynamics 

A simulation was made using the electrical conductivity data in order to determine 
the monthly salt content during the campaign. As onion bulb development does 
not exceed 30 cm in depth (data sheet), a 30 cm profile was used to estimate these 
quantities. From the soil data and electrical conductivity data, a monthly salt depo-
sit was established. In the absence of a significant rise in the groundwater table, salt 
inputs were low. They were in the order of 0.2 to 0.5 t/ha (Figure 8). These salt 
inputs were important from the beginning of the irrigations (0.5 t/ha in January), 
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decreased between February and March (0.22 t/ha) and increased during the last 
month of irrigation (0.3 t/ha) (Figure 8). The ANOVA performed on the quanti-
ties of salt during the campaign reveals two groups of salt intakes: group a (Jan-
uary-February) and group b (March-April). In each group the ANOVA showed 
that the difference was non-significant (p1 = 0.05 and p2 = 0.04) at the 95% con-
fidence interval (Figure 8). The monthly averages of salt quantities that had the 
same letter were statistically identical. Therefore, the monthly averages of salt 
quantities between January and February as well as between March and April 
were statistically identical (Figure 8). 

 

 
Figure 8. Quantite of salt in a 30 cm profile in irrigated onion cultivation. 

4. Discussion 

In the delta, the major problems of irrigated onion cultivation remained water 
supply and irrigation frequency. Work by [6] showed that many irrigated onion 
crops in West Africa present a rate of flowering from 30% - 90% the first month 
of cultivation. This situation leads to poor onion bulb production. So as to define 
conditions of irrigation allowing to reduce the rate of flowering from the first 
month, a water regime was applied to the local onion variety “Violet de Gelrni” 
in the dry season. On the basis of the results of this study, it would be interesting 
to define which was the water mass would be suitable for the crop for a good de-
velopment of the plants during the crop cycle. After a pre-irrigation to prepare the 
plots for transplanting the young plants, the first irrigation took had intervened 
two weeks later in order to allow the development of the root system, which was 
still very superficial during transplanting. On all the plots used, our results had re-
vealed a good development of the root system, the crops and a good development 
of the onion bulbs. Work on the description of onion cultivation techniques in 
the Sudano-Sahelian region had shown that the stingray irrigation system on 
ridges was more profitable in terms of yield and water management [5]. In addi-
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tion, in the recommendation of the cultivation technique, it was said that “wa-
terlogged” onion roots were find themselves in unable to play their pumping 
role during the hot hours of the day, resulting in wilting of the foliage [5]. 

In our study, water losses by evapotranspiration were evaluated and a varia-
tion according to the development stages of the crop was observed. As evapo-
transpiration in crops is related to crop coefficients, it increases as soon as this 
constant is important. It was maximum in the bulb maturation phase (6.07 
mm/day) with a crop coefficient of 1.05. In the absence of a permanent water 
cover and total canopy cover the sum of water losses by evapotranspiration 
would be equal to the evapotranspiration of the crop to which should be added 
that of the soil. Van Laere (2003) in the “Mèmento de l’irrigation” showed that 
the evapotranspiration of a crop was related to the crop coefficients and varied 
according to the development stages of the crop. Work done in the same area of 
the delta by [18] with the same setup on another speculation (rice cultivation) 
had found that evapotranspiration varied according to the development stages of 
the crop. 

The results of this study had show that the water masses (water masse volum-
ic) present in the soil were more than sufficient to cover the crop water needs 
during the campaign. Furthermore, we had observed movement of the water ta-
ble during the crop cycle, which could be explained by the fact that the soil water 
content exceeded the field capacity during the growth phase of the onion, re-
sulting in water losses by percolation. Practical applications on the use of soil 
water mass after irrigation for optimal onion bulb production under the 
soil-climate conditions in the delta were proposed in this study. Despite the dif-
ferent water needs according to the development phases of the crop, a rational 
use of water would be necessary, all the more so as the needs were more impor-
tant at the beginning of bulbing than during the vegetative stages [19]. The 
above meteorological, soil and crop data were used to optimise the irrigation ca-
lendar. After an initial irrigation to prepare the plots for transplanting, the initial 
water content was assumed to be equal to the field capacity. The knowledge of 
the field capacity of the plot made it possible to determine the minimum quan-
tity of water to be supplied to the crop. During the bulb ripening period (78th to 
95th days), growers had not hesitated to provide important quantities of water to 
the plots to keep the soil moist at all times (mass water volumic of 0.700 g/m3) in 
order to buckle this phase and to wait a better yield. The results showed doses of 
irrigation understood between 50% and 60% of maximal water requirement 
during the phase of bulbification were sufficed to reduce the rate of undesirable 
floral induction and to allow to reach very good outputs in marketable bulbs. In 
irrigated onion cultivation during the bulb ripening phase, when one keeping 
the soil relatively moist we put on the brakes root development while promoting 
bulb enlargement [20]. 

Comparing the amount of water used for market gardening (irrigated onion 
cultivation) with that used for rice cultivation in the same area during the same 
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period [18], it was found that irrigated onion cultivation uses a lower volume of 
water, resulting in low groundwater recharge, unlike rice cultivation. This could 
be explained by the type of irrigation (stingray irrigation between the ridges) and 
the frequency of irrigation, which did not allow the water to stagnate for more 
than 20 hours. During irrigated onion cultivation, only the main canal was filled; 
the quantities of water brought to the plot were clearly low and in no case allow 
a water slide to remain above the crop as observed in rice cultivation [18]. In-
deed, the water requirements of onions (the main crop during market garden-
ing) were estimated to be between 6 and 9 mm/per irrigation depending on the 
stage of development. These results corroborated those of [4]. 

Monitoring of the electrical conductivity of the plots during irrigation was 
carried out in order to map the salinity of the irrigated onion growing area. At 
the beginning of irrigation the electrical conductivity was 3.62 mS/cm on a 30 
cm profile, it decreased towards the end of the irrigations to reach 2.06 mS/cm. 
The electrical conductivity of the irrigation water was low and had not change 
during irrigation. Once water was supplied to the plots, the salt on the soil sur-
face was dissolved. In addition, in the absence of a permanent water slide and 
the rise of the water table, the electrical conductivity recorded at the plots had 
remained low [21]. It had subsequently increased during the maturation phase 
of the bulbs corresponding at the moment of important soil water content. [22] 
showed in his work that the electrical conductivity also depended to a large ex-
tent on the soil water content. This electrical conductivity was low compared to 
that recorded in rice cultivation (3.5 dS/m) [21]. 

From the knowledge of the data linked at crop and pedology, a simulation of 
the quantities of salt trapped in the profile during the irrigations was carried out. 
The quantities of salt accumulated in the profile were significant during the first 
two months of irrigation (January recorded quantities of salt were 0.47 t/ha and 
in February 0.40 t/ha). When irrigation had stopped at the end of the campaign, 
a hydrosaline flow was trapped in the sediments of the superficial layer. With 
high evapotranspiration in the delta area, once the water was lost, the salt had 
remained concentrated in the superficial layers of the soil. According to [23], 
when irrigation was stopped, salt was trapped in the sediments (pores) of the soil 
superficial layers. Once the irrigation water was applied, there was leaching from 
the superfical layer and at the same time percolation was observed resulting the 
hydrosaline flux out of the plot and/or towards the deep areas. This process 
would explain the decrease in salt quantities recorded in March (0.221 t/ha). In 
the last month of the campaign (April), with high evapotranspiration and spaced 
irrigation frequency leading to a drying of the soil surface, the salt started to 
concentrate in the superficial horizons, hence a slight increase in the amount of 
salt (0.275 ton/ha). 

5. Conclusions 

The study had allowed to see the different constraints related to the stingray ir-
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rigation system practiced in onion cultivation. As far as water inputs were con-
cerned, the general observation was that they were significant compared to the 
estimated quantities of water that would allow for good plant development of the 
plant in order to obtain an optimal yield. From a quantitative point of view, the 
water balance essay had showed that the water inputs were greater than to the 
recoveries by evapotranspiration, allowing the crop to curl its cycle without wa-
ter stress. 

This study had showed that the transfer of water to the groundwater table 
during the irrigation period was negligible. In sum, the risks of degradation of 
the plots by the arrival of groundwater were low, or even non-existent, com-
pared to the submersion irrigation system practiced in rice cultivation in the Se-
negal River Delta. 
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