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Abstract. In Algeria, the launching of projects encouraging the practice of supplemental 

irrigation on cereals to increase productivity and the sustainability of farms in arid and semi-

arid regions is confronted with the problems of water use efficiency and soil quality 

conservation. The use of poor-quality irrigation water for supplemental irrigation is subject to 

secondary salinization processes, which become worse over time. The present paper aims to 

study the impact of supplemental irrigation on the increase of durum wheat yield, water use 

and soil salinization, a trial was set up in the soil of the HMADNA experimental station 

(RELIZANE, Lower-Cheliff). The experimental set-up is a randomized block with three 

replications and five treatments (water regime): T1 rainfed, T2 irrigated at tellering stage (T), 

T3 irrigated up to booting stage (TB), T4 irrigated up to heading stage (TBH) and T5 irrigated 

up to grain filling stage (TBHF). The parameters studied were: grain yield (GrYd), water 

consumption or actual evapotranspiration (AET), water use efficiency (WUE), soil salinity 

(EC) and water satisfaction rate (Ts). The analysis of the variance of the measured parameters 

showed significant to highly significant differences. Under the experimental conditions of the 

study site, the supplemental irrigation corresponding to the T5 water regime with an AET of 

543mm, contributed significantly to the increase in grain yield up to 62.64 Qx/ha with a WUE 

of 11.83 Kg/ha/mm and a Ts of 96.31%. Moreover, an irrigation water quantity of near 113mm 

at the end of the wheat vegetative cycle (grain filling stage) causes the leaching of salts from 

the surface layer (H0-20cm) previously acquired during the vegetative cycle of the crop. The 

behavioural study of the saline profile showed that the salinity of the H20-40cm layers 

undergoes a secondary salinization process with an increased rate ranging from 100% to 220%. 

In saline environments, the contribution of supplemental irrigation is very important to ensure 

sustainable food security within specific phenological stages (end of cycle) according to the 

prevailing climatic conditions of the area while meeting the water needs of the crop. 

Keywords. Supplemental Irrigation, Phenological stages, Grain Yield, Water use efficiency, 

Saline profile. 
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1. Introduction 

In Agriculture, rainfed crops remain dependent on rainfall and its space-time distribution [1] and the 

cereal management technique can only be reasoned in terms of risks [2]. With the remarkable climate 

change and meteorological drought ratesrecorded during the last three decades, durum wheat yields 

are at an uncompetitive level, according to, is argued that since 1970, durum wheat production has not 

been able to meet the needs of the local population. 

During a year with significant rainfall deficits, terminal water stress is the limiting factor in the yield 

of the rainfed cereal crop [4]. Furthermore, [5], find that more than 75% of the variation in wheat yield 

is caused by rainfall variability.  

In arid and semi-arid areas, water availability is a limiting factor for agricultural production. The use 

of irrigation is a strategic choice for the development and maintenance of agricultural activity [6]. 

However, irrigation water quantity/quality fundamentally affects both soil and crops. 

On a global scale, secondary salinization through irrigation practices affects around 20% of irrigated 

land [7].  

Nevertheless, Algerian agricultural authorities have launched keyprojects aiming to encourage the 

practice of supplemental irrigation on cereal cropping to increase productivity and farming 

sustainability in arid and semi-arid regions that adhere to it.The main challenge was to confront the 

problems related to water use efficiency and the conservation of the quality of their soils. The Lower-

Cheliff region is, on one hand, characterized by poor groundwater quality [8,9], and is subject to a 

secondary salinization process which may be the consequence of cumulative supplemental irrigation 

practices. On the other hand, the surface water coming from the local GARGAR dam with an 

electrical conductivity of 1.6 dS/m is the only irrigation source widely used by almost all farmers 

there.  

Given Algeria's limited water potential, the use of a rational irrigation technique was necessary and 

compulsory. Supplemental irrigation is one technique among others that aims at the rational use of 

water. The timing and quantity of water applied not only allows for water use efficiency but also 

contribute to the preservation of soil quality. Therefore, it is necessary to know how to manage the 

little water available in the time dimension through the phenological phases most sensitive to water 

stress. 

For this purpose, an experiment is conducted under the conditions of the Lower-Cheliff plain, on a 

strategic crop (durum wheat) conducted over several rounds of supplemental irrigation. Thus, we 

studied the effect of the cumulative water supply on crop behaviour, the efficiency of water use and 

the contribution to the desalination of the soil’s surface layer. Also, its contribution to rising farmers' 

awareness about the necessity of supplemental irrigation under water stress conditions. 

2. Materials and Methods 

2.1. Study Site  

Our experiment was conducted at the Relizane research station of the Algerian National Institute of 

Agronomic Research (INRAA). It is located between 35° 54' N and 0° 47' E at 48m altitudes, in a 

region belonging to the semi-arid bioclimatic stage (Figure 1). 

The physicochemical analysis of the experimental plot soil on a depth of 35 cm, reveals a clay-silt 

texture (47.19% clay, 42.11% silt and 10.7 sand), pH of 7.95, a low salinity level of 0.42 dS/m for the 

0-20cm horizon and 0.59 dS/m for the 20-40cm horizon, with an average bulk density of 1.48 and a 

moisture content at the field capacity of 35% [10]. 

2.2. Experimental Plotting 

The adopted experimental set-up is a randomized complete block design (R.C.B.D.) with three 

replications and elementary plots measuring six square meters (3x2 m
2
). Five is the number of 

treatments (water regime), corresponding respectively to T1 rainfed, T2 irrigated at tellering stage (T), 

T3 irrigated at booting stage (TB), T4 irrigated at heading stage (TBH) and T5 irrigated until grain 

filling stage (TBHG). The supplementary irrigation applied, aims to bring the soil to the retention 

capacity. 
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Figure 1. Location of the experimental site. 

2.3. Plant Material and Trial Set-Up 

The plant material used is durum wheat (Triticum durum, variety: Waha). It is a variety originating 

from Spain, semi-early, better adapted to arid and semi-arid regions with good productivity [2]. It is a 

cereal that is cropped in our study area. After the preparation of the seedbed, the semi-planting was 

carried out manually on December 11
th
, with a dose of 120 kg/ha. A pre-irrigation of 10mm is 

provided to ensure the start crop germination process. Nitrogen fertilisation was applied with a dose of 

80kg/ha (urea 46%).  

2.4. Determination of the Water Supply 

The amount of irrigation water to be applied for each treatment is calculated using a simplified water 

balance carried out with an agronomic auger. For the latter, a water profile is necessary (current 

moisture in percentage, Ha) to a depth corresponding to the rooting depth of the crop (0-20cm, during 

the vegetative period and 0-40cm for the reproductive period). The irrigation rate consists of bringing 

the actual moisture to the field capacity [11]. This method allows the yield components to develop 

under good water conditions [12,13].  

Thus, the following formula is applied: 

    (  )       
      
   

 

Where:  

Dose (mm), the amount of irrigation water to be applied in millimetres 

p, depth of soil explored by the roots (millimetre) 

Hcc: Weight moisture at field capacity (percent) 

Ha: Current weight moisture (percent) 

The irrigation water used is classified as C3S1 with an electrical conductivity of 1.68 dS/m and a SAR 

of 2.61. It is poor water [14,15]. Used for most field crops, but can cause secondary salinization if 

leaching and drainage are not adequate. 

For all treatments, a pre-irrigation of 10mm is ensured for crop germination. Irrigation is carried out 

with a showering device, to homogenize the quantity of water brought on the whole elementary plot. 

Figure (2) below shows the distribution of rainfall and the amount of irrigation water applied for each 

treatment. 
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Figure2. Distribution of rainfall and irrigation over the crop cycle. 

2.5. Grain Yield and Water use Efficiency 

Through our experiment, we estimated the grain yield at the end of the physiological maturity 

(harvest), by the production of the middle square meter of each elementary plot. The water 

consumption for each treatment is estimated through a simplified water balance. For this purpose, a 

water profile is made over a depth of 60cm with 20cm steps. The consumption formula is as follows: 

   (  )         

AET, Actual Evapotranspiration (water consumption, mm) 

P, cumulative rainfall over the crop cycle (mm) 

I, irrigation provided over the cycle (mm) 

ΔS, the difference in water stock in the water profile between the beginning and end of the crop cycle 

(mm) 

Thus, water use efficiency (WUE) is calculated as the ratio of yield to the corresponding water 

consumption [16,17,18]. It is calculated as follows: 

   (            )  
            (

  
  
)

   (  )
 

2.6. Electrical Conductivity and Saline Profile 

After harvesting, a salt profile is carried out to a depth of 60cm with a 20cm step. The soil samples 

obtained are dried in the open air, crushed and sieved to 2mm. The electrical conductivity of the 

diluted extract (soil/water ratio: 1:5) is measured with a conductivity meter. The values obtained are 

classified according to the [19] method.  

Table 1. Salinity classes according to electrical conductivity classification [18]. 

Salinity class 

EC (dS.m
-1

) 
0-0.6 0.6-1 1-2 2-4 >4 

Level Non-saline 
Slightly 

saline 
Moderately Saline Highly saline Extremely saline 

2.7. Statistical Analysis 

We applied the analysis of variance (ANOVA) at the NEWMAN-KEULSclassification criterion, using 

the XLSTAT software 2014. The obtained results for (GrYd,WUE, and AET) are at a significance 

level of 5%. On the other hand, theelectrical conductivity EC was studied for comparison with the 

literature-predefined salinity classes. 
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3. Results and Discussion 

3.1. Effect of Supplemental Irrigation on Grain Yield 

The obtainedyields are proportional to the amount of water consumed. Grain yields varied from a 

minimum of 15.19 Qx/ha for the rainfed treatment to a maximum of 62.64 Qx/ha for the T5 treatment 

(Figure 3). The average yield value obtained was 34.32 Qx/ha. [2], on the same wheat variety and 

under the same climatic conditions and water regime, found a maximum yield of 62.47 Qx/ha under a 

permanent water regime from emergence to physiological maturity. 

 
Figure 3. Evolution of grain yield as a function of water regime. 

From the study of the analysis of variance, we found a highly significant difference. The improvement 

in grain yield of the crop was around 50.82%, 88.02%, 178.47% and 312.38%, for the T2, T3, T4 and 

T5 water regimesrespectively compared to the T1 rainfed control. The rate of improvement found is 

confirmed by the work of [20] on the application of supplemental irrigation on soft wheat in Tunisia. 

Indeed, he found a rate of improvement of 308% between the rainfed and irrigated regimes. 

The rate of improvement became very important startingfrom theirrigation stageat the grain earing to 

the grain enlargement stage. During this phase, in addition to the irrigation provided, there was a 

significant rainfall of about 60mm in the second ten days of April. [21], argue that supplemental 

irrigation at the end of the cycle is necessary from April onwards, as a water deficit during this period 

penalizes wheat yields. A study carried out on irrigated wheat under the climatic conditions of the 

Middle Cheliff showed that irrigation during the heading-flowering phase improved the index of 

satisfaction of the crop's water needs [22]. 

3.2. Water Consumption (AET) and Water use Efficiency (WUE) 

The WUE varies from a minimum of 6.52 kg/ha/mm for the rainfed regime to a maximum of 11.83 

Kg/ha/mm for the T5 treatment. The mean value of the experiment is 8.93 Kg/ha/mm. The analysis of 

variance at the 5% significance level showed a solid difference. The maximum value is very close to 

the one found by [23]. [24], on three years of experimentation on durum wheat including Waha, 

conducted under irrigation, found an average efficiency of 10.03 Kg/ha/mm with average water 

consumption of 543mm (406.33mm rainfall and 136.67mm irrigation). 

The obtainedresults showed that supplemental irrigation is considered a technique that improves water 

use efficiency. In contrast, treatments T2, T3, T4 and T5 generated, respectively, an increase of 

22.70%, 29.45%, 51.53% and 81.44% compared to the rainfed control (Figure 4) 

The water consumption (AET) increased from 233.68mm in the rainfall regime (T1) to 529.71mm in 

the water regime T5, with an overall mean value of 363.07mm. This important difference was also 

detected using the analysis of variance at the 5% level. The water requirement of cereals is between 

450mm and 650mm, the average value is 550mm/year [25]. Of these, we can say that the water 

satisfaction rate (Ts) is 42.49%, 51.97%, 61.51%, 77.78% and 96.31%, respectively for treatments T1, 

T2, T3, T4 and T5, with an average value of 66.01%. 
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Figure 4. Variation of WUE and AET according to the water regime. 

3.3. Effect of Supplemental Irrigation on the Evolution of the Saline Profile  

Figure 5 displays anascendinggeneral pattern of the resulting salinity profiles. This means that for all 

the appliedwater regimes, salinity from lower layers remains higher than those of the upper layers, this 

indicates a desalination phenomenon per layer. Indeed, the loss of salinity of the upper layer is 

recovered by the lower layer and so on until the H40-60cm layer. 

The evolution of the electrical conductivity of the H0-20cm horizon is inversely proportional to the 

treatment applied. The regression of salinity increased by 18.33%, 19.62% and 22.70% compared to 

the control (T1) for water regimes T2, T3, and T4 respectively, reaching a rate of 64.22% for water 

regime T5. The salinity went from the lower saline class (T1) to slightly saline for treatments T2, T3, 

and T4 and to the non-saline class for treatment T5.  

For the horizon H20-40cm, the regression is 7.35% on average for treatments T2 and T3 and 34.80% 

for treatments T4 and T5. The salinity remains in the saline class at different salinity levels. The 

values are decreasing from regime T1 to T5, with maximum values of 1.89 dS.m
-1

and a minimum 

value of 1.24 dS.m
-1

 

For the H40-60 horizon, soil salinity is remarkably high for the T1 and T2 water regimes. Then the EC 

regresses to the saline class without exceeding the value of 1.47 dS.m
-1

. 

 
Figure 5. Evolution of the saline profile as a function of the water regime. 
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Depending on the testedinitial EC value of 0.42 dS/m from the H0-20cm soil horizon, a secondary 

salinization process was detected for the T1, T2, T3 and even T4 water regimes, with respective 

growth rates of 140.24%, 96.19%, 93.10% 85.71%. On the other hand, the T5 regime contributed to 

significant desalination. The water level brought in during the grain growth phase (113.3mm), 

eliminated the salinity acquired previously. 

Depending on the EC value (H20-40), secondary salinisation is present with growth rates varying from 

100% to over 200%.  

3.4. Selection of the Best Water Regime 

The selection of the best treatment (water regime) is based on the hierarchical ascending classification 

(HAC) of the studied parameters (GrYd, WUE, EC and Ts). Only the H0-20cm horizon was 

considered, where the soil is the first to be exposed to climatic conditions and water inputs (Figure 6). 

This analysis reveals the classification of treatments into three distinct classes (Figure 6). Each class is 

represented by a central element. Overall, from Table (2), it appears that the T5 treatment is the 

treatment that gave good results. Indeed, this treatment corresponds to a water regime during the 

vegetative cycle. Irrigation at the beginning of the cycle allows early soil coverage, decreases soil 

evaporation and increases WUE [26]. A good water regime from the three-node phase to grain 

enlargement allows compensating the loss of ear stand by a fertility of the upper ears, which leads to a 

good yield [27]. Supplemental irrigation during growth and flowering significantly improves water 

satisfaction in wheat crops [22]. Post-grain heading water use increases grain yield, which is positively 

correlated with the amount of water applied [28]. In the Mediterranean environment, good climatic 

conditions during the grain-filling period are important for better grain quality [29].  

 
Figure 6. Hierarchical Ascending classification (HAC). 

Table 2. Characterization of the central elements of the HAC classes. 

Class Gr_Yd WUE EC Ts% 

1 (T5) 62,64 11,83 0,36 96,31 

2 (T4) 42,30 9,88 0,78 77,78 

3 (T2) 22,91 8,00 0,82 51,97 

The T5 water regime seems to be the best treatment. Indeed, it gave the highest grain yield, the best 

WUE, with a very high satisfaction rate and itbrings the EC of the surface soil layer to its initial state 

(T0) and regresses it compared to the control (T1). 

 

Conclusion 

The obtained grain yields for durum wheat are proportional to the consumedamount of water. They 

ranged from 15.19 for treatment T1 to 62.64 Qx/ha for treatment T5. The ANOVA showed a highly 

significant difference among applied treatments. The yield improvement reached a rate of 312.38% for 

the full irrigation regime (T5) compared to the rainfed regime (T1). This improvement was caused by 

the late irrigation and the 60mm of rainfall during the month of April. 
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The WUE varied from a minimum of 6.52 (T1) and 11.83 Kg/ha/mm for the T5 treatment, with an 

overall average of 8.93 Kg/ha/mm. These significant variations came from the appliedANOVA, at the 

5% threshold. 

Supplemental irrigation improved the WUE of the applied regimes compared to the rainfed regime, 

with rates ranging from 22.70% to 81.44%. Water consumption (AET) increased from 233.68mm in 

the rainfed regime (T1) to 529.71mm in the T5 regime. The latter remains within the standards of 

water requirements for wheat cropping (450-650mm). 

The general gradient of the analysed saline profiles is ascending. The evolution of the electrical 

conductivity of the 0-20cm horizon is inversely proportional to the treatment applied. The salinity 

regression increases progressively by 18.33%, 19.62% and 22.70% compared to the control (T1) for 

the T2, T3 and T4 water regimes respectively, to reach an exponential rate of 64.22% for the T5 water 

regime. The salinity went from the lower saline class (T1) to slightly saline for treatments T2, T3, and 

T4 and to the non-saline class for treatment T5.  

For the horizon 20-40cm, the salinity remains in the moderate saline class at different salinity levels. 

The salinity values decrease from 1.89 dS/m (T1) to 1.24 dS/m (T5). For the 40-60 cm horizon, the 

soil is very saline for the T1 and T2 water regimes. Then the EC decreases to the moderate saline class 

without exceeding the value of 1.47 dS/m. 

We selected the best treatment (water regime) using the hierarchical ascending classification (HAC) of 

the studied parameters (GrYd, WUE, EC at 0-20cm and Ts). Herein, only the 0-20cm horizon was 

considered due to the direct exposition of soil to climatic conditions and water inputs.  

Overall, it appears that T5 is the treatment that gave good results. Indeed, it gave the highest grain 

yield, the best WUE, with a very high satisfaction rate and it returned the EC of the H0-20cm soil 

layer to its initial state (T0) and regressed it compared to the control (T1). 
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