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ABSTRACT 
 
The present work analyzes the effects of different water application levels on agronomic parameters and water use 
efficiency of a durum wheat (Triticum durum Desf. Var. Karim.) cultivar under the Mediterranean climatic 
conditions in central Tunisia. The objective of this work was to identify an appropriate irrigation strategy associated 
with high crop water use efficiency. Field experiment was conducted at the Higher Institute of Agronomy of Chott 
Meriem during the growing season 2011-2012. The irrigation strategy consisted in maintaining fixed the irrigation 
intervals and changing the volumes of water applied as a percentage of the crop water requirements. The effects of 
three irrigation treatments were investigated. The irrigation treatments were full irrigation (T1) corresponding to 
100% of predetermined irrigation water levels, (T2) 75% of full irrigation and (T3) 50% of full irrigation. Results 
concerning water use efficiency revealed that T1 and T3, with respectively 1.72 and 1.6 kg/m3, were classified in the 
same group. T2, with 1.43 kg/m3, resulted in lowest water use efficiency. Comparing the effects of water supply on 
yield components, the best results were registered for T1 while the lowest yield components were obtained for T3. 
LAI from T1 was significantly higher than in the other treatments. According to the study results, each increase in 
irrigation regime increased days to maturity. The results achieved in this study showed that irrigating winter wheat 
with continuously providing only 50% of the crop water requirements in semi arid climate in Tunisia could result in 
high efficient irrigation water use.  
 
Key-words: Durum wheat, irrigation, yield, water use efficiency 
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INTRODUCTION 
 

Irrigated agriculture in Tunisia, with a potentially irrigable area of 460,000 ha, has been developed to help farmers 
cope with irregular rainfall but also to the intensification of production and the adjustment of yields, which reduces 
the dependency of farm incomes to climate factors [1]. Cereals occupy 14% of irrigated areas in Tunisia and 
contribute to 25% of national cereal production [1]. Areas which have received supplemental irrigation have evolved 
from 94,000 hectares in 2009 to 120,000 hectares in 2011. In Tunisia, cereal yields are subject to significant 
fluctuation, given the interannual variability of rainfall, in addition to seasonal moisture deficits that may prevail, 
even during a wet year [2]. Tunisia imports annually more than 10 million quintals to meet its needs in cereals of 
which 900,000 tonnes of wheat. In Tunisia, considerable efforts are made to promote the irrigated sector; results still 
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remain below potential and performance expectations. The results obtained in terms of yields of irrigated cereals 
show that there has been no great improvement in performance. Indeed, it is always of supplementary irrigation 
where farmers irrigate their crops in case of urgent needs [1]. Conducting irrigated cereals require further 
development, especially under conditions of climate change and droughts that have become increasingly frequent 
[3].Obtaining high yields of cereals require, in addition to chemical treatments, irrigation and use of mineral 
fertilizers [4] [5] [6] [7]. 
 
Faced with demographic change, the fragility of the agricultural sector and the scarcity of water resources, it is clear 
that the challenge is the increase in grain yields, to ensure food security, while ensuring a water security [8]. Thus, 
we should focus on maximizing the efficiency of water use in environments with limited water resources [9]. In the 
arid and semiarid zones, shortage of water is ever one of the main limitations for agricultural development and 
therefore promotion of Water Use Efficiency (WUE) in these zones is very important [10]. The improvement of 
WUE in the Mediterranean region is an imperative imposed by the critical situation of water resources present in the 
region as well as by the demographical increment [11]. Increasing the productivity of irrigation water in agriculture 
is a way to address water scarcity issue [12]. Improving efficiency at the plot scale would release additional volumes 
of water [13] and the water saved can be used to irrigate a larger area or for purposes of irrigation the next 
agricultural season especially in times of shortage [14]. It has been shown that the variability observed in 
determining water use efficiency, may be attributed to the mineral and water regime applied [15] [16] [17] [18] [19]. 
The scientific contribution of this work is to identify an irrigation regime to improve water use efficiency of durum 
wheat in Mediterranean climatic conditions of Tunisia. 
 

MATERIALS AND METHODS 
 

Experimental site  
Field studies aiming at examining the response of durum wheat (Triticum durum Desf. Var. Karim.) to different 
irrigation levels were conducted from December 2011 to May 2012 at  the Higher  Agronomic Institute of Chott 
Mariem-Sousse. (Latitude 35°55N, altitude 15 m).  
 
In the study area, the climate is typically Mediterranean with hot-dry summers and mild-rainy winters. According to 
long term weather data (1973-2006), maximum monthly temperatures range between 16 and 31 °C and minimum 
monthly temperature vary from 7 to 21 °C. Mean relative humidity vary from 69% to 71%. Monthly rainfall ranges 
between 2 and 58 mm (figure 1). 
 
The rainfall distribution over the growing period of durum wheat in the study area is 23% rainfall during seedling 
and emergence, 38% during tillering and stem elongation, and 39% from heading to maturity. 
 

Table.1. Long term mean (1973- 2006) meteorological data in the study area (source: National Meteorological Institute of Tunisia) 
 

 
 



Sami Bhouri Khila  et al 
______________________________________________________________________________

Fig.1 Long term mean
 
Experimental design and agriculture
Durum wheat was sown by 1 December
the standard practices in the study area.
cleared of vegetation which was 
distribution of water. At planting, 
experimental work, irrigations were
experimental plots designed as 1.5 m
provided between plots. The experiment
in which irrigation was carried out 
Ammonitrate 33,5% was applied to the experimental plots at a r
09/03/2012, 50 kg/ha on 23/03/2012 and 100 kg/ha on 28/03/2012.
 
To identify some of the physical properties
experimental site 30 days prior to planting
that the total soil available water, calculated
extracting depth of 1 m, is 107 mm. 
 

Experimental plots were irrigated with different amounts of water according to predetermined irrigation water 
levels. Fully irrigated treatment (T1) 
treatments (T2 and T3) received 50%
when 30 to 50 percent of the soil water
important for conducting plants in T1 because it 
crop before the next irrigation [20]
applied water and to ensure difference
evapotranspiration (ETP) was calculated
[20], using 30 year daily weather data
Horticulture and Organic Farming (CRRHAB)
[21] to estimate crop evapotranspiration
wheat crop coefficient (Kc) following
irrigation frequency.  
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mean monthly rainfall distribution and mean air temperature in the

agriculture practices 
December 2012 with row spacing of 25 cm. The seed rate was

area. Harvesting was done on the first half of May. Before
 basically old plant residues. The soil was carefully
 water was distributed in the field uniformly to ensure

were made with a 12 liters watering can. Irrigation treatments
m wide, 2.5 m long and a total  area of 3.75 m2. A buffer

experiment was laid out in a randomized complete block design
 in three levels. All treatment plots received the same amount of total fertilizer. 

Ammonitrate 33,5% was applied to the experimental plots at a rate of 75 kg/ha on 01/02/2012, 75 kg/ha on 
09/03/2012, 50 kg/ha on 23/03/2012 and 100 kg/ha on 28/03/2012. 

properties of the soil, representative composite soil samples
planting from depths of 0–30 cm, 30–90 cm and 90–
calculated between field capacity and wilting point for
  

Table 2. Measured soil’s parameters. 
 

 
Experimental plots were irrigated with different amounts of water according to predetermined irrigation water 

(T1) received sufficient irrigation to meet crop evapotranspiration.
50% and 75% of the fully irrigated amount on the same

water reservoir has been depleted by wheat evapotranspiration
important for conducting plants in T1 because it ensures that the available soil water can

[20]. Experiences were carried out under a rainout shelter
difference between irrigation treatments. In the irrigation
calculated on a daily basis by means of Penman Monteith’s

data collected from the meteorological station of the Regional
(CRRHAB), located near the trials. These data was entered in 

estimate crop evapotranspiration for daily time step by using reference evapotranspiration
following the FAO-56 method given in [20]. The program
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the study area. 

was 100 kg ha-1 according to 
Before sowing, the land was 

carefully leveled to ensure even 
ensure germination. In this 

treatments were carried out in 
buffer zone of 1 m spacing was 

design with three replicants, 
All treatment plots received the same amount of total fertilizer. 

ate of 75 kg/ha on 01/02/2012, 75 kg/ha on 

samples were collected from the 
–120 cm. Analysis revealed 
for an assumed wheat root 

 

Experimental plots were irrigated with different amounts of water according to predetermined irrigation water 
potranspiration. Deficit irrigation 

same days. Irrigations occurred 
evapotranspiration. This depletion is 

can be utilized easily by the 
shelter to enable the control of 

irrigation experiment, reference 
Monteith’s semi-empirical model 

Regional Research Center in 
These data was entered in Cropwat program 

evapotranspiration combined with a 
program also allowed determining 
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Observation and Data Collection 
Meteorological data concerning air
collected during the experiment from
throughout the study. For this purpose,
randomly selected representing all 
measurements of leaf number, leaf area
were calculated for each treatment.
70°C until constant weight was achieved.
using a 0.01 g sensitive digital balance
analogical area meter (model LI-3100
calculated. In addition, yield components
selected from each plot at harvest were
each net plot produce was drawn for
plot was recorded at harvest.  
 
To evaluate crop water use efficiency
from the following ratio [22] [23].  

Where IWUE= irrigation water use 
(kg) 
 
This definition integrates the agronomic
[26] [27] consider this definition particularly
 
Collected data in this study were analyzed
Statistical Analysis System (SPSS 17.0
were compared by the Duncan Test
designated by letters (a, b, c) which 
"a" means the highest average, "b"
indicate that the difference is not significant
 

 
Weather data and irrigation 
The average values of meteorological data
experimental period are shown in table
humidity varied from 62 to 85% and
was estimated by using reference evapotranspiration combined with a wheat crop coefficient (Kc) following the 
FAO-56 method given in [20]. 
 

Table 3. Measured
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air temperature, relative humidity, wind speed rainfall,
from CRRHAB weather station. The plant growth 

purpose, three plants in each replication plot at about 15
 the characteristics of its treatment. The plants were
area and dry matter were carried out on these selected

treatment. The dry-weight of the plant parts was determined 
achieved. Plant weights were determined by weighting above

balance The measurements of the leaf area are achieved
3100C Area Meter, LI-COR, Nebraska USA). Then Leaf

components were evaluated at physiological maturity. Ten
were used for recording the number of grains per spike
for recording 1000-grain weight. In addition, the total 

crop water use efficiency, we employed the indicator “irrigation water use efficiency
 

���� �  
��

	

 

 
Where IWUE= irrigation water use efficiency (kg m-3), Ir= The seasonal irrigation volume

agronomic aspects as well as the practice of irrigation. Several
particularly suited to identify the appropriate irrigation strategy

analyzed and examined statistically using analysis of variance
17.0 for Windows) appropriate for a randomized complete

Test at the 5% level of significance. The mean value
 represent the significance degree of the difference between

" is the one between "a" and "c". Means represented 
significant or weakly significant. 

RESULTS AND DISCUSSION 

meteorological data (wind speed, relative humidity and air temperature)
table 3. The mean temperatures ranged between 10,2 

and wind speed varied from 1,15 to 1,45 ms-1. Crop evapotranspiration 
was estimated by using reference evapotranspiration combined with a wheat crop coefficient (Kc) following the 

easured average values of weather parameters over the experimental  
 

 

(1) 
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rainfall, and solar radiation were 
 parameters were observed 

15 to 20 days intervals were 
were cut at ground level and 

selected plants and average values 
 by oven-drying samples at 
above ground of the plants 

achieved with the help of an 
Leaf Area Index (LAI) was 
Ten spike heads randomly 

spike head. Grain samples from 
 biomass yield for each net 

efficiency” (IWUE) obtained 

volume (m3), Yg= The grain yield 

everal researchers [24] [25] 
strategy.  

variance (ANOVA) from the 
complete block design. Means 
values of each treatment are 
between the means. The letter 

 by two letters in common 

temperature) recorded during the 
 and 23,8 °C, mean relative 

Crop evapotranspiration (figure 2) 
was estimated by using reference evapotranspiration combined with a wheat crop coefficient (Kc) following the 

 period 
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Fig 2. Monthly crop evapotranspiration

Irrigation treatments were initiated 
given uniform irrigation to ensure germination.
amount applied to T2 was about 316
 

Fig
 

Agronomic parameters 
The irrigation treatment significantly
of spikes per plant, number of grain 
 
Leaf  area index 
Changes in leaf area index (LAI) from seedling stage for different irrigation treatments are presented in 
During seedling period, the LAI values for all treatments were small, and began to increase at leaf development 
stage. When near the heading stage, the LAI values of different treatments reached their maximum, and then 
decreased at the end of experiments. This result 
the growth period suggested that increasing irrigation amount led to an increase in LAI
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crop evapotranspiration over the growing period of Durum Wheat in the
 

on 14/12/2012 (14 days after seeding). Prior to that date,
germination. The water applied to T1 treatment was about

316 mm. The irrigation amount for T3 treatment was about

Table 4. Irrigation dates and depths. 
 

 

Fig 3. Monthly irrigation amount for different treatme nts. 

significantly influenced all measured traits including leaf area, dry
 per spike, 1000 grain weight, grain yield and aerial dry

Changes in leaf area index (LAI) from seedling stage for different irrigation treatments are presented in 
During seedling period, the LAI values for all treatments were small, and began to increase at leaf development 
stage. When near the heading stage, the LAI values of different treatments reached their maximum, and then 

ts. This result is consistent with the findings given by [28]
the growth period suggested that increasing irrigation amount led to an increase in LAI 
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the study area. 

date, all the treatments were 
about 403 mm. The average 

about 225 mm.  

 

 

dry matter per plant, number 
dry matter. 

Changes in leaf area index (LAI) from seedling stage for different irrigation treatments are presented in figure 5. 
During seedling period, the LAI values for all treatments were small, and began to increase at leaf development 
stage. When near the heading stage, the LAI values of different treatments reached their maximum, and then 

[28]. The trend of LAI over 
 values. Differences among 
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treatments began to be notable from heading stage, this 
during vegetative stage. Figure 5 shows that drought imposed on the crop throughout the growing season (
T3) reduced LAI significantly as compared to that of the fully irrigated plants. Lowes
irrigated treatment (T3), this corroborate the findings of 
treatment with an average of 7,29 , whereas 
shows the effect of a better water availability of the soil for the crop LAI. 
 

Fig 4. Leaf area  index development during the growing period in different
 
Dry matter per plant 
Figure 5 indicates the dry mass accumulation
accumulated slowly, and began to inc
slowly again. The highest dry matter
plant. With application of deficit irrigation
20 % at T3 treatment. The present
irrigation. We could notice that irrigation
heading stage for T2 and T3. This could
 

Fig 5. Aerial dry matter per

Yield components 
The effects of the irrigation strategies
5). Responses to irrigation vary among 
the growing season [30]. It was found
the deficit irrigation treatments. No stat
could be explained by the fact that water stress conditions affected 
In these treatments, when comparing estimated
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treatments began to be notable from heading stage, this could be attributed to progressive water stress imposed 
during vegetative stage. Figure 5 shows that drought imposed on the crop throughout the growing season (
T3) reduced LAI significantly as compared to that of the fully irrigated plants. Lowest LAI was obtained in less 
irrigated treatment (T3), this corroborate the findings of [29]. Highest results had been recorded in the case of T1 
treatment with an average of 7,29 , whereas LAI didn't exceed 5,8 and 4,9 respectively in T2 and
shows the effect of a better water availability of the soil for the crop LAI.  

Leaf area  index development during the growing period in different  irrigation treatments.

accumulation versus time relation. At first, the dry
increase rapidly from 23/02/2012. From 05/04/2012, 

matter per plant was produced at full irrigation treatment with
irrigation it was found that the biomass decreased by 12

present finding showed that dry matter accumulation was consistently
irrigation treatment effect on dry matter per plant bega
could be explained by progressive water stress imposed 

per plant evolution during the growing period in different irrigation
 

strategies applied in this study were statistically significant for
Responses to irrigation vary among yield components because of the differences in soil water conditions during 

found that these components were higher in full irrigation
No statistical difference was found in yield components

that water stress conditions affected yield similarly in plants conducted in T2 and T3. 
when comparing estimated crop evapotranspiration and irrigation amounts
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could be attributed to progressive water stress imposed 
during vegetative stage. Figure 5 shows that drought imposed on the crop throughout the growing season (in T2 and 

t LAI was obtained in less 
. Highest results had been recorded in the case of T1 

didn't exceed 5,8 and 4,9 respectively in T2 and T3. That result 

 
irrigation treatments.  

dry mass for each treatment 
 the dry mass accumulated 
with a mean of 15,44 g per 

12% at T2 treatment and by 
consistently greater by full 

began to be noticeable from 
imposed during vegetative stage.  

 
irrigation  treatments. 

for yield components (table 
differences in soil water conditions during 

irrigation treatment as compared to 
components between T2 and T3. This 

plants conducted in T2 and T3. 
crop evapotranspiration and irrigation amounts, we could notice that 
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irrigation water deficit evolved similarly. In T2 and T3 water stress occurred from heading and increased gradually 
up to maturity stage. This could be attributed to the fact that, during critical stages, soil moisture deficit exceeded the 
allowable soil moisture depletion for optimal wheat growth. It should be noticed that during these critical stages 
even a moderate water deficit leads to a severe yield reduction [11] [31]. 
 

Table 5. Yield components as affected by irrigation treatments 
 

 
 

Highest 1000 grain weight was obtained in fully irrigated treatment with 56 g and the lowest one was found in T3 
with 42 g. Mean 1000 grain weight in plots receiving full irrigation was 21 and 24% higher than plots receiving 
respectively 75 and 50% of the fully irrigated amount. This finding is consistent with the findings given by [32], 
[33], [34] [35] and [36] who indicated that grain weight was increased as irrigation increased. These results are 
similar to those found by [22] on corn. Low grain number obtained in T2 and T3 could be explained by the fact that 
water stress during grain filling period contributes highly in reducing grain weight [37] [38]. 
 
Number of spikes per plant for various irrigation treatments differed significantly. Highest number of spikes per 
plant (3,22 spikes per plant) was obtained in plants conducted in T1. These findings confirm those of [39]. T1 
produced 10 and 20 % higher number of spikes per plant with regard respectively to T2 and T3 treatment. Highest 
number of spikes per plant, obtained in fully irrigated treatment, might be due to the sufficient availability of water 
at tillering and heading stage with more uptakes of nutrients.  
 
Highest number of grains per spike was obtained in fully irrigated treatment with 37 grains and the lowest one was 
found in T3 with 33 grains per spike. These findings confirm those of [34] and [35]. Water stress occurring during 
the spike growth period decreases sharply grain number [36].  
 
Irrigation significantly affected aerial dry matter production (figure 6). Dry matter at harvest was significantly 
increased as the volume of irrigation water increased. This is in agreement with the results reported by [40], who 
indicated that biological yield was increased as irrigation increased. It seems that fully irrigated treatment creates 
more suitable conditions in the root  zone area for plant production. Highest value, averaging 259.74 q ha-1 was 
measured in T1 treatment, while T3 had the lowest dry matter value. Plants conducted in T2 and T3 treatments 
produced in average respectively 41 and 46% lower dry matter with regard to T1.  
 

 
Fig 6. Aerial dry matter as affected by different irrigation treatments 

 
Grain yield was increased by increased irrigation amounts (figure 7). The highest grain yield was obtained in T1 
treatment with 71.7 q ha-1. T3 resulted in almost 50% reduction in grain yield respect to T1. This reduction was 
attributed to reduced number of spikes m-2, number of grains per spike and 1000-grain weight. This reduction could 
be explained by water stress conditions during heading and maturity. This caused premature maturity as grain filling 
rate is faster in plots receiving less irrigation than plots receiving high irrigation amount which is in conformity to 
the finding of other studies [41] [42] [43]. Increased yield with increasing irrigation amounts shows a positive effect 
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of full irrigation treatment (T1) on grain yield compared to deficit irrigation treatments. These results corroborate the 
findings of several studies [37] [33] [32] [34] [35] [36] and [44]. 
 

 
Fig 7. Grain yield as affected by different irrigation treatments 

 
Water use efficiency 
Figure 8 showed the effects of different irrigation treatments on irrigation water use efficiency (IWUE). It proved 
that the irrigation amount has a significant effect on IWUE. T1 and T3 were classified in the same group. T2 
resulted, in average, in 17% and 10% lower IWUE with regard respectively to T1 and T3 treatments. 
 
Average IWUE was 1.72, 1.43 and 1.6 kg/m3 respectively for T1, T2 and T3 treatments. These values are higher 
than average water use efficiency observed for the whole Mediterranean region [17]. However the water use 
efficiency of irrigated crops can present a large range of values. It should also be noticed that the limit between 
WUE measured on irrigated and non-irrigated winter crops is not clear [15]. 
 
Although T3 produced the lowest yield values, we notice that it resulted, in high IWUE as compared to T1. This is 
in agreement with the results of several studies [23] which showed that the low irrigation resulted in highest water 
use efficiency. This result is also consistent with the findings of [27] for corn. This confirms that water used in 
supplemental irrigation can be much more efficient [11] [45]. High value IWUE obtained in T3 could be attributed 
to low irrigation amount supplied to T3 compared to T2 and T1.  
 
Water use efficiency obtained in T2 and T1 confirm the findings of [28] showing that water use efficiency increased 
with increasing water supply. However, these findings were not verified when comparing water use efficiencies 
obtained in T2 and T3, where increasing irrigation hadn’t a positive effect on WUE. This could be attributed to 
differences, observed between studies, in conducting irrigation. In fact, the generic term “irrigated crops” can 
include, in reality, extremely different situations of plant water supply [11]. In such studies, even if total applied 
irrigation amounts are similar, irrigation amount per time and irrigation frequency could be extremely diverse. This 
means that, in each study, water stress evolves differently over the growing stages of the studied crops. So the 
difference observed between results on crop growth, water uptake and water use efficiency depends mostly on the 
sensitivity of the growing stage on which water stress occurred. During critical stages a moderate water deficit leads 
to a considerable variation of WUE [11].  

 
Fig 8.Water use efficiency as affected by irrigation treatments. 
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CONCLUSION 
 

In this study the effects of different irrigation levels on yield, plant growth parameters and water use efficiency of 
wheat were examined. It was determined that the irrigation levels had statistically significant effects on yield, water 
use efficiency and the plant growth parameters. According to the research results, it was found that continuously 
providing 50% of the crop water requirements (T3 treatment) in semi arid climate could result in highly efficient 
irrigation water use. Although T3 treatment produced the lowest yield value with an average of 44 q ha-1, it resulted, 
substantially in the same value of water use efficiency (1.63 kg/m3) obtained from fully irrigated treatment. T2 
resulted in 17% and 10% lower IWUE with regard respectively to T1 and T3 treatments. Effects of irrigation 
regimes were observed for, grain weight, number of grains per spike and grain yield. Yield components were 
significantly higher in T1 than in the other irrigation treatments. Analyses of variance for grain yield and its 
components revealed that these characters were affected significantly by irrigation levels. No statistical difference 
was found in yield components between T2 and T3. Highest grain yield was obtained in T1 treatment with 71.7 q ha-
1. The significantly higher grain yield obtained from T1 was attributed to the sufficient availability of water during 
grain filling period. The results of this research indicated that irrigating winter wheat with 50% of crop water 
requirements is especially well suited to a limited irrigation water supply in the Mediterranean climatic conditions of 
Tunisia. These results, however, are preliminary and need to be confirmed by reproducing experiments in other 
years. Larger studies should also be conducted, taking into account the effects of soil properties and the combined 
effects of fertilization and irrigation. 
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