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Abstract

Wheat production in semi-arid area of Tunisia is limited by low rainfall (200400 mm year"), and by the
irregularity of the distribution of precipitation and intensification of drought during cropping season. Therefore,
irrigation is proposed as alternative to improve production and to maximize water-use efficiency (WUE) of
wheat. So, rational irrigation is important for increasing crop yields and decrease water use. The objective of this
study was to investigate the effects of different irrigation levels on water consumption, water use efficiency of
total dry matter and water use efficiency of grain yields. The study was conducted for three consecutive cropping
seasons (2005-2008). Results showed thatthe daily water consumption was varied through phonological stage. In
fact, the maximum water consumption was observed at anthesis and grain filling stages. The cumulative water
consumption was decreased between 3% and 37% respectively, from D1 (100% ETM) to D2 (70% ETM) and
From D1 to D4 (rainfed). The relationship between total dry matter (TDM) and water consumption (WC) was in
linearly regression with a high correlation coefficient (R?) witch varied from 0.89 to 0.99. The water use
efficiency of total dry matter (WUE-TDM) gradually decreased when irrigation levels increased. The highest,
WUE-TDM (3.24 kg/m®, 3.65 kg/m’® and 2.82 kg/m’) was recorded under rainfed condition (D4 treatment),
respectively for 2005-2006, 2006-2007 and 2007-2008. On the contrary, water use efficiency of grain yield
(WUE-GY) increase considerably when irrigation levels increase. In the first year of experiment, no significant
difference between treatments was observed. Therefore, the moderate irrigation (D2) recorded the highest
WUE-GY (1.63 kg/m’) in the second cropping season (2006-2007). In 2007-2008, D1 and D3 irrigations
regimes recorded the highest WUE-GY, respectively 1.17 kg/m®and 1.11 kg/m’. Deficit irrigation regimes (D2
and D3) were considered as rational irrigation levels to improve grain yield of wheat and to maximize WUE in
the semi-arid area of Tunisia.
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1. Introduction

Tunisia is located in North Africa, on the border of the Mediterranean. A big part of climate is semi-arid and arid,
which is marked by hot summers, cold winters and low rainfall (200 to 400 mm year) with a high variability
(Radhouene, 2013). Tunisia is exposed to climate change impacts (Vicente-Serrano, 2006) and it was qualified
as the hot spot for climate change (Giorgi, 2006). In the next few decades, water scarcity, will be one of the most
critical problems facing North African countries and especially in Tunisia (Ashton, 2002).In semi-arid areas of
Tunisia, cereal yields are subject to significant fluctuations, given the inter-annual variability of rainfall, in
addition to seasonal water deficits that could rule, even during a wet year (Sakiss et al., 1994). The scarcity of
water and the uneven distribution of precipitation across time and space in this area are a very serious problem
especially in recent years due to climate change. Therefore, controlled irrigation are vital for increasing crop
yields and decrease water use (Aase & Pikul, 2000; Blum et al., 1991; Blum & Johnson, 1993; Li et al., 2001;
Jiusheng, 1998; Katerji et al., 1998; Recio et al., 1999). Several water-saving methods have been developed
(Belder et al., 2004; Bouman et al., 2007), among which, deficit irrigation is among the best technology that is
used to reduce water consumption, increase water use efficiency (WUE), and subsequent use of that water for
more efficient wheat production. Several researches indicate that deficit irrigation increases the WUE of wheat,
maize, and rice by 10 to 42% (Kang et al., 2000; Li et al., 2004, 2010; Soundharajan & Sudheer, 2009). Also,
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Gajri et al. (1997) and Huang et al. (2004) found that rational irrigation can significantly increase the grains yield.
However, excessive irrigation led to a decrease of crop WUE and that effective deficit irrigation may result in
higher production and WUE. Xue et al. (2006) showed that deficit irrigation increased WUE of wheat. Same
results were reported by Zhang et al. (2005) and Rezgui (2014) which showed that WUE is higher under
supplemental irrigation with 60% of maximum Evapotranspiration (2.2 kg grains m™) compared to supplemental
irrigation with 90% ETM (1.95 kg grains m™). Also, Rezgui et al. (2005) showed that irrigation increased WUE
of Durum wheat in the semi-arid region of Tunisia from 0.86 kg grains m™~ to 1.24 grains m™, respectively for
rainfed and irrigation with 90% ETM. Olesen et al. (2000) showed that the effect of irrigation on wheat yield
was almost solely due to increased transpiration, while WUE and harvest index remained unaffected. Kang et al.
(2002) indicated that the responses of grain yield and WUE to irrigation varied considerably due to differences in
soil water contents and irrigation schedules. Singh et al. (1991) concluded that the impact of limited irrigation
and soil water deficit on crop yield or WUE depends on the particular growth stage of the crop. However,
because deficit irrigation might reduce photosynthesis rate and accelerate leaf senescence if crop was over
stressed, which in turn might cause decrease in wheat yield (Kobata et al., 1992; Wang, 2005).Comprehensive
research was required to investigate the responses of durum wheat to deficit irrigation. So, the objective of our
research was to investigate the effects of different levels of irrigation on water consumption, total dry matter and
water use efficiency.

2. Materials and Methods
2.1 Experimental Site

The experiment was carried out at Bourbiaa/governorate of Ben Arouss, Tunisia (36°37'N Lat, 10°08"25"E Long,
60 m asl), during three cropping seasons 2005/2006, 2006/2007 and 2007/2008. Bourbiaa region is characterized
by semi-arid climate with 400 mm of the average annual rainfall. The soil had a clay texture with 180 mm m”

total available water and 1.8 g I"' water salinity. The bulk density varies from 1.25 to 1.55 from the surface layer
to the depth (Cheikh M’hamed et al., 2015).

2.2 Plant Material

One variety of Durum wheat “Triticum durum Desf”, (Karim) was tested. The sowing was made with a drill on
November 24™, November 31", November 17", respectively for 2005-2006, 2006-2007 and 2007-2008 cropping
seasons. The sowing density was 350 grains m™ (seed rate equal to 180 kg/ha) for the three years of experiments
(Cheikh M’hamed et al., 2015).

2.3 Experimental Design

The experiment covered four treatments (D;: Full irrigated with 100% ETM, D2: Deficit irrigation based on 70%
ETM, D3: Deficit irrigation based on 40% ETM and D4: Rainfed with 0% ETM). 100 kg N/ha was applied at three
phonological stages (30% at 3 leafs stage, 40% at tillering stage and 30% at booting stage). The experimental
design was Randomize Complete Blocking Design (RCBD) with 3 replications. Eight meters interval band was
maintained between the water regimes treatments. Treatments descriptions are represented in the table below
(Table 1).
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Table 1. Treatments descriptions

Cropping season Treatments rcari?ff’gﬁn(gr; Ierzlz;son Icrrrciﬁz?r?gnsil;rslc?f (mm) ETC (mm) ETR(mm)
2005-2006 D1 279 220 445 443
D2 279 160 445 434
D3 279 105 445 381
D4 279 0 445 306
2006-2007 D1 347 190 516 479
D2 347 134 516 425
D3 347 76 516 373
D4 347 0 516 303
2007-2008 D1 348 150 487 477
D2 348 114 487 464
D3 348 78 487 427
D4 348 0 487 380

Note. ETC: crop evapotranspiration; ETR: real evapotranspiration or water consumption (WC).

2.4 Field Measurements
2.4.1 Climatic Data

Climate data were recorded daily by an automatic agrometeorological station. Collected data were minimum and
maximum temperatures (Tmin and Tmax), minimum and maximum air relative humidity (HRmin and RHmax),
wind speed (V) and rainfall (P) during the three growing seasons (2005/2006; 2006/2007 and 2007/2008).
Reference evapotranspiration (ET) and solar radiation “MJ m™ d'” (Rs) were estimated by the CROPWAT
software (FAO, version 8) using the FAO-Penman-Monteith approach (Allen et al., 1998).

2.4.2 Total Dry Matter Production (TDM)

The measurements of total dry matter (g m?) were made by square meter. In 2005-2006, sampling wheat was
collected at 45, 70, 99, 118, 138, 164, 204 days after sowing (DAS). In 2006-2007, the sampling was achieved at
45, 67,92, 114, 134, 164, 198 DAS. In 2007-2008, plants were collected at 45, 83, 104, 124, 140, 160, 211 DAS.
All material collected was dried at 65 °C to constant weight and dry weight was measured for each sampling. The
weighing was done using a precision balance (Sartorius, Model PB3001).

2.4.3 Grains Yield

At maturity stage, the grains yield (g m™) was made by square meter. The sampling at harvest was collected 204
days after sowing (DAS), 198 DAS and 211 DAS, respectively for 2005-2006, 2006-2007 and 2007-2008.

2.4.4 Theoretical Formulations
1) Reference Evapotranspiration

Weather data was used to calculate ET,. Climatic data used are maximum temperature (Tmax), minimum
temperature (Tmin), humidity (H), wind speed (u2) and sunshine (h) during three growing seasons (2005-2006,
2006-2007 and 2008-2009). Reference evapotranspiration (ETy) was estimated by the CROPWAT software
(FAO, version 8) using the FAO-Penman-Monteith approach (Allen et al., 1998).

2) Water Consumption
Water consumption is estimated with soil water balance equation as follows (Hillel, 1998):
WC=P+1+U+R~-Dw-AS )
Where, P is the effective precipitation (mm), I isthe irrigation (mm), U is the upward capillary flow into the root
zone (mm), R is the runoff (mm), D was the downward drainage out the root zone (mm) and AS is the change of
soil water stored in soil layer of 0-90 cm (mm). The upward and downward flow was estimated using Darcy’s
law (Kar et al., 2007; De Medeiros et al., 2005). Results indicated that the two items were insignificant at the
experimental site. Runoff was also insignificant during the three growing seasons. Soil water content was

measured each month with gravimetrically method. Soil water content data were collected for every 15 cm
interval in soil depth. Some measurements were added before and after irrigation and heavy rain events.
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3) Water Use Efficiency

WUE of Total Dry Matter (WUE-TDM) and WUE of Grain yields (WUE-GY) was calculated using the
following equation:

DM

WUE —TDM (kg | m’) = —— 2

(kg /m”) e 2
GY

WUE -GY (kg /m*)=— 3

(kg /m”) e 3)

Where, WUE is the water use efficiency (kg m™), TDM is the total dry matter production (kg), GY is the grain
yields (kg) and WC is the total water consumption over the whole growing season (mm).

2.5 Statistical Analysis

An analysis of variance for all measured parameters was made, using Statistical Analysis System software (SAS,
1985). The variance analysis was completed by “multiple comparisons of means” with Newman Keuls test.
Treatment means that the significant effects were separated by the test Least Significant Difference (LSD) at
probability level of 5% (Little & Hill, 1978).

3. Results
3.1 Water Consumption

The evolution of daily water consumption (WC) at different water regimes (D1, D2, D3 and D4) for three
cropping seasons (2005-2006, 2006-2007 and 2007-2008) are shown in Figure 1.

Results showed that the daily water consumption of Durum wheat was variable during cropping season and
between years. Also, we observed that irrigation regimes (D1, D2, D3 and D4) was affected the daily water
consumption of durum wheat during three cropping season (2005-2006, 2006-2007 and 2007-2008), especially
during grain filling stage. For 2005-2006, the cumulative WC in D1 regime was 443 mm from sowing to harvest
and the ETC was 445 mm (Figures la, 1d, 1g & 1j). The cumulative WC recorded in D2 and D3 were
respectively (434 mm and 381 mm) and the deficit of water needs (WC compared to ETC) were 11 mm and 64
mm and were observed in the end of the season (from 160 DAS to 180 DAS), respectively for D2 and D3.
However, for treatment D4 (rainfed), cumulative WC recorded was 306 mm and the deficit of water needs
compared to ETC was 139 mm observed from 110 DAS to 180 DAS (anthesis and grain filling stages). In the
second year of experiment (2006-2007), the cumulative WC recorded during the cropping season were 479 mm,
425 mm, 373 mm and 303 mm respectively for D1, D2, D3 and D4. In fact, the deficits of water needs
(cumulative WC compared to ETC witch is 516 mm) were 37 mm, 91 mm, 143 mm, and 213 mm respectively
for D1, D2, D3 and D4. Theses gaps of water needs were observed during the grains filling stage from 165 DAS
to 180 DAS for DI, from 140 DAS to 180 DAS for D2 and during anthesis and grains filling stages (from 110
DAS to 180 DAS) for treatments D3 and D4 (Figures 1b, le, 1h & 1k). For the last year of experiment
(2007-2008), the cumulative WC recorded during the cropping season for treatments D1, D2, D3 and D4 were
respectively 477 mm, 464 mm, 427 mm and 380 mm. The ETC calculated was 487 mm. Therefore, the deficit of
water needs recorded were 10 mm for D1 observed in the end of the season from 180 DAS to 190 DAS and 23
mm, 60 mm and 107 mm respectively for treatments D2, D3 and D4 observed during the grains filling stage
(Figures 1c, 1f, 1i & 11).
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Figure 1. Daily water consumption (mm) of durum wheat for D1, D2, D3 and D4 water regimes during three
cropping seasons (2005-2006, 2006-2007 and 2007-2008)
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3.2 Water Use Efficiency
3.2.1 Water Use Efficiency from Sowing to Harvest

The relationship between total dry matter accumulation and water consumption of wheat at various water
regimes (D1, D2, D3 and D4) for three cropping seasons (2005-2006, 2006-2007 and 2007-2008) were shown in
Figure 2.

Results showed that the relation between TDM and WC for three cropping seasons is linearly regression with a
high correlation coefficient (R*) witch varied from 0.89 to 0.99. The slope of the linearly regression represent
WUE (TDM = WUE x WC). Our results showed that WUE presents a high variability according to treatments
(D1, D2, D3 and D4) and between years (Figure 2). For the first experiment (2005-2006), the slope value varies
from 2.61 to 2.78. In fact, the lowest slope value which represent WUE recorded under D3 treatment and the
highest observed under D1, D2, and D4 treatments, respectively with 2.78, 2.73 and 2.74 (Figures 2a, 2d, 2g &
2j). However, in the second year of experiment (2006-2007), the WUE recorded under the four treatments are
higher than the first year of experiment. The WUE was varied from 3.18 to 3.48. The highest WUE was recorded
under D3 (3.47) and D4 (3.48) treatments and the lowest was observed for D1 (3.18) treatment (Figures 2b, 2e,
2h & 2k). In the last year of experiment (2007-2008), the lowest WUE was observed for treatment D4 (2.83) and
the highest was recorded under treatments D1, D3, respectively with 3.24 and 3.21 (Figures 2c, 2f, 2i & 21).
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Figure 2. Relationship between Total Dray Matter and (g m™) Water Consumption (mm), during the three
experiments (2005-2006; 2006-2007 and 2007-2008), at four water regimes (D1, D2, D3 and D4)
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3.2.2. Water Use Efficiency at Harvest

The Water Use Efficiency of Total Dry Matter (WUE-TDM) and the Water Use Efficiency of Grain Yield
(WUE-GY) at harvest under four water regimes (D1, D2, D3 and D4) were shown in Table 2.

Table 2. Water Use Efficiency (kg m™) of Total Dry Matter (WUE-TDM) and Water Use Efficiency (kg m™) of
Grain Yield (WUE-GY) at harvest under four water regimes (D1, D2, D3 and D4), during three cropping seasons
(2005-2006, 2006-2007 and 2007-2008)

Cropping season

Treatments 2005-2006 2006-2007 2007-2008

WUE-TDM WUE-GY WUE-TDM  WUE-GY WUE-TDM  WUE-GY

D1 2.74b 1.18a 3.13¢ 146 ¢ 2.78 ab 1.17 a
D2 2.81b 1.17 a 3.48b 1.63a 255b 1.06 b
D3 277b 1.13a 3.48b 1.56b 2.96 a 1.11 ab
D4 324a 1.20a 3.65a 1.28d 2.82 ab 1.08 b
LSD 0.17 0.07 0.053 0.017 0.293 0.067
Anova 0.0012%* 0.2294 NS 0.0001*** 0.0001*** 0.041* 0.033*

Note. LSD: Least Significant Difference; * Significant difference at 5%; ** Significant difference at 1%; ***
Significant difference at 0.1%.

NS: No significant difference.

Statistical analysis shows that at harvest, the WUE-TDM was significantly (P < 0.05) affected by water regimes
(D1, D2, D3 and D4) for three cropping seasons (2005-2006, 2006-2007 and 2007-2008) (Table 2). However, no
significant difference (P > 0.05) was observed between D1, D2, D3 treatments for 2005-2006. The highest,
WUE-TDM was recorded under treatment D4 (3.24 kg m™ and 3.65 kg m™), respectively for 2005-2006 and
2006-2007 (Table 2). For 2007-2008, the highest, WUE-TDM was obtained under D3 and D4 treatments,
respectively with 2.92 kg m™ and 2.82 kg m™. Results show that WUE-TDM decrease when cumulative water
consumption increase (Table 2). In fact, the lowest WUE-TDM (2.74 kg m~and 3.13 kg m™) was obtained under
D1 treatment, respectively for 2005-2006 and 2006-2007 and under D2 treatment (2.55 kg m™) for 2007-2008
cropping season (Table 2). However for WUE-GY, ANOVA show no significant difference at 5% between water
regimes (D1, D2, D3 and D4) in the first year of experiment (2005-2006). The WUE-GY varies from1.13 kg m”
(D3) to 1.20 kg m™ (D4). For 2006-2007 and 2007-2008 cropping seasons, statistical analysis shows a
significant difference between treatments (Table 2). The highest WUE-GY was recorded under moderate
irrigation D2 (1.63 kg m™) in 2006-2007 and under D1 (1.17 kg m™) and D2 (1.11 kg m™) in the last cropping
season (2007-2008). However, the lowest WUE-GY (1.28 kg m™ and 1.08 kg m™) was obtained with treatment
D4 (rainfed), respectively for 2006-2007 and 2007-2008 cropping seasons (Table 2).

4. Discussion

Irrigation is one of the important technologies controlling the yields of wheat crop. However, improper
application of irrigation water may be detrimental to the productivity of the crop (Zwart & Bastiaanssen, 2004;
Sarkar, 2004). For example in eastern India, improper management of irrigation water is one of the reasons for
the decline in yield of wheat crop in recent years. Deficit irrigation during plant growth stages that are relatively
insensitive to water stress will increase the water use efficiency (Zhang et al., 1999).

The effects of four irrigation levels (D1, D2, D3 and D4) for Durum wheat on the daily water consumption (WC),
water use efficiency of total dry matter (WUE-TDM) at harvest, water use efficiency of grain yields (WUE-GY)
and on the relationship between water consumption and total dry matter were investigated. Total water
consumptionis composed of three parts, namely, precipitation, irrigation and soil water supply but we mentioned
that other factors such as genotypes transpiration and photosynthesis affect WC (Ya-Chen et al., 2006).
Balwinder et al. (2011) showed that agriculture practice such as minimum tillage and no tillage improved the use
efficiency of soil water and maintained better soil water storage during the growth stages of wheat compared
with conventional tillage. Results showed a high variability of the daily water consumption through phonological
stage of Durum wheat and between years witch characterized by variable annual rainfall and distribution. Also,
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we observed that irrigation regimes (D1, D2, D3 and D4) affected the daily water consumption and cumulative
water consumption of Durum wheat during three cropping season (2005-2006, 2006-2007 and 2007-2008),
especially during grain filling stage. However, from sowing to anthesis stages no difference between water
regimes treatments was observed. This result may be attributed to high amount of rain recorded from sowing to
anthesis stages. In fact, during these phonological stages Real Evapotranspiration (ETR) was particularly similar
to maximum Evapotranspiration of Crop (ETC). Same results were observed by Guoyu (2007) in winter wheat
which showed that for all the treatments tested, soil water content was high in the dormancy period
(October—March) and gradually decreased in the fast growing period (March—June). In 2005-2006, the daily WC
for all treatments tested is low in the first physiological stages (emergency, tilliring) and gradually decreased
inthe fast growing period (anthesis and grain filling stage). The cumulative WC was decreased gradually from
D1 to D4. The cumulative WC was 443 mm, 434 mm, 381 mm and 306 mm, respectively for D1, D2, D3 and D4.
Our results are in agreement with results observed by (Panda et al., 2003; Sun et al., 2006; Su et al., 2007).
Theses authors recorded that limited irrigation or water deficit is conducive to reducing water consumption,
which can improve WUE. Similarly trend of daily water consumption during phonological stage of wheat for all
water regimes tested (D1, D2, D3 and D4) was observed during 2006-2007 and 2007-2008 cropping seasons. In
2006-2007, thedecrease of cumulative WC was 12%, 21% and 37%, respectively from D1 to D2, from D1 to D3
and from D1 to D4. However, for 2007-2008 the decrease of cumulative WC was 3%, 11% and 21%,
respectively from D1 to D2, from D1 to D3 and from DI to D4. These results were inagreement with those
observed by Ya-Chen et al. (2006). The latter authors showed that the WC of genotypes tested were different
according the soil water level studied. Some genotypes had more WC under soil water level 1 and other
genotypes tested possessed higher WC under the condition of soil water level 2.

Although irrigation affects most of the functions of plant growth, this effect depends on the level of water regime,
the length of time to which the plant is subjected to water stress. Results obtained showed, that from emergence
to anthesis stages, a smalldifference of Total Dry Matter (TDM) between treatments was observed. In fact, the
different irrigation levels (D1, D2 and D3) not severely affected the TDM during those phenological stages due
to the high rainfall and the low irrigation doses. The relation between TDM and water Consumption (WC) for
three cropping seasons is linearly regression with a high correlation coefficient (R*) witch varied from 0.89 to
0.99. The slope of the linearly regression represent WUE (Figure 2). WUE was calculated to get an idea as to
how effectively the irrigation water was used by the crop under different treatments during the three years
experiments. Results obtained showed that WUE during cropping season (from sowing to harvest) presents a
high variability according to treatments (D1, D2, D3 and D4) and between years. The highest value of slope was
recorded under D1 (2.78), D4 (3.48) and D1 (3.24) treatments, respectively for 2005-2006, 2006-2007 and
2007-2008 cropping seasons. However, the lowest WUE was observed under D3 (2.61), D1 (3.18) and D4 (2.83)
treatments, respectively for 2005-2006, 2006-2007 and 2007-2008 cropping seasons. At harvest, WUE was
calculated and results showed thatWUE compared to TDM (WUE-TDM) was significantly affected (P < 0.05)
by water regimes (D1, D2, D3 and D4) for three cropping seasons (2005-2006, 2006-2007 and 2007-2008)
(Table 2). However, no significant difference (P > 0.05) was observed between D1, D2, D3 treatments for
2005-2006. The TDM-WUE gradually decreased when irrigation increased. The highest, WUE-TDM (3.24 kg/m’,
3.65 kg/m® and 2.82 kg/m®) was recorded under rainfed condition (D4 treatment), respectively for 2005-2006 and
2006-2007 and 2007-2008. However, the lowest WUE-TDM (2.74 kg/m®, 3.13 kg/m® and 2.78 kg/m’) was
obtained under D1 treatment (full irrigation), respectively for 2005-2006 and 2006-2007 and 2007-2008
cropping season (Table 2). This decrease on TDM-WUE probably due to the high annual rainfall for 3 cropping
seasons and to the small increase on TDM compared to increasing on cumulative water consumption from D4
(rainfed) to D1 (full irrigation). These results were consistent with the findings of Hari Ram et al. (2013), who
reported that WUE decreased with increasing irrigation level and it was higher in the 12 and I3 irrigation
treatments compared with the 14 and I5 irrigation treatments. Maurya and Singh (2008) also reported a decrease
in WUE with an increase in irrigation levels due to proportionately less increase in biomass with increase in
water consumption. Similarly, Li et al. (2005) in the Loess Plateaurecorded that WUE decreased with increasing
in irrigation and because grain yield did not increase linearly with irrigation, excessive irrigation even decreased
grain production. Also, Singh et al. (1991) concluded that the impact of limited irrigation and soil water deficit
on crop yield or WUE depends on the particular growth stage of the crop. However for WUE compared to grain
yield (WUE-GY), ANOVA show no significant difference at 5% between water regimes (D1, D2, D3 and D4) in
the first year of experiment (2005-2006). The WUE-GY varies from1.13 kg/m’® to 1.20 kg/m’. During 2006-2007
and 2007-2008 cropping seasons, statistical analysis shows a significant difference between treatments (D1, D2,
D3 and D4), with increase in level of irrigation WUE-GY increased considerably due to increase in water use
and grain yield under all the irrigation schedules. Our results were in agreement with Rezgui et al. (2005), who
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showed that irrigation increase WUE of Durum wheat in the semi-arid region of Tunisia from 0.86 kg grains m™
to 1.24 grains m>, respectively for rainfed and irrigation with 90% ETM. However in 2006-2007, WUE of the
D2 irrigation (1.63 kg/m’) schedule was comparatively higher than the D1, D3 and D4 irrigation schedules due
to higher grain yield per unit useof water. A similar trend was observed during 2007-2008. In this year the higher
WUE-GY recorded under D1 and D3 treatment (1.17 kg/m® and 1.11 kg/m’) and the lowest WUE-GY (1.08
kg/m®) was obtained with treatment D4 (Table 2). These findings are in line with those of Behera and Panda
(2009), who observed that WUE of wheat under the 12 irrigation was higher than the I1 and I3 irrigation due to
higher grain yield. Our results have been confirmed by many researchers (Gajri et al., 1997; Huang et al., 2004;
Hong-Yong et al., 2006). They conclude that the rational irrigation can significantly increase the Jin et al. (1999)
reported that excessive irrigation led to a decrease of crop WUE and that effective deficit irrigation may result in
higher production and WUE. Also, Xue et al. (2006) showed that deficit irrigation increased WUE of wheat.
Same results were reported by Zhang et al. (2005) and Rezgui (2014) which showed that WUE is higher under
supplemental irrigation with 60% ETM (2.2 kg grains m™) compared to supplemental irrigation with 90% ETM
(1.95 kg grains m™). On the contrary, Olesen et al. (2000) showed that the effect of irrigation on wheat yield was
almost solely due to increased transpiration, while WUE and harvest index remained unaffected. Kang et al.
(2002) indicated that the responses of grain yield and WUE to irrigation varied considerably due to differences in
soil water contents and irrigation schedules. Singh et al. (1991) concluded that the impact of limited irrigation
and soil water deficit on crop yield or WUE depends on the particular growth stage of the crop.

4. Conclusion

This study indicated that irrigation affect considerably the daily water consumption, cumulative water
consumption, total dry matter, grain yield and WUE. However, this affect was variable between cropping seasons
and treatments tested (D1, D2, D3 and D4 water regimes). The cumulativewater consumption increased
gradually, with increasing irrigation levels. The relationship between total dry matter and water consumption was
linearly regression with high correlation coefficient. WUE compared to TDM (WUE-TDM) of wheat decreased
with increase of irrigation levels and the higher WUE-TDM was obtained under rainfed condition (D4).
However, contrary result was recorded for WUE compared to grain yield (WUE-GY). The irrigation increase
WUE-GY and the highest value was obtained under moderate irrigation. We concluded that moderate irrigation
(D2) was recommended as optimal irrigation level in the semi-arid region of Tunisia for improving grain yield
and WUE. More studies are needed to further establish the beneficial effects of deficit irrigation on growth,
yields and WUE of durum wheat under different levels of nitrogen and for each phonological stage.
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