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ABSTRACT 
 

The present study was carried out to assess some performance indicators such as yield, WUE and IWUE under deficit 

irrigation for both tow local and two introduced winter wheat (Triticum aestivum L.) genotypes in the water-deficient 

wheat-plateaus of Sétif province, northeastern Algeria. Results showed that when deficit irrigation was efficiently 

managed, the number of irrigations was reduced by 2. Water use efficiency for grain yield increased significantly from 

local to introduced cultivars confirming that introduced genotypes used less water than local cultivars, whereas Djanet 

genotype recorded the highest water use efficiency for grain yield with 1.07 kg/m3. Increasing water use efficiency for 

grain yield for the new genotypes was associated with improved canopy structure due to the selection for the semi-dwarf 

stature with larger leaf area as well as for higher harvest index. IWUE was greater for lower irrigation regimes and 

maximum grain production was achieved with moderate water deficit. Whilst, in addition to the growing season rainfall 

pattern, applying a first irrigation of 10mm on jointing stage (Z31) followed by a second irrigation of 15mm on flowering 

stage (Z65-Z69) reduced the gross watering to 286mm, which allowed to achieve an increase in grain yield of 14.60% 

from the rainfed treatment furthermore an IWUE of 11.52 kg/m3 with an increase of 140% in comparison to the most 

irrigated regime (W5), on which irrigation seemed excessive. 
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INTRODUCTION 

 

In the semi-arid regions with Mediterranean climate, 

distinctly in North Africa, which are characterized by wet 

winter and dry and hot summers, precipitation are relatively 

scarce and erratic (Aissaoui, 2019b). Along these regions 

wheat production performances and yield are severely 

limited by water availability and/or invests of irrigation 

(Oweis and Hachum, 2012). Particularly, in the high plateaus 

of northeastern Algeria, the plains of Sétif province have 

been considered for a long time as a typical very promising 

cereal zone where water resources should became 

considerably limited and irrigation seemed to be crucial as 

an imperative priority for agriculture sustainability 

(Aissaoui, 2019a). As a result, increasing crop yield per unit 

of water used still considered to be  as  most  important  

challenges  in  cereal production mainly by promising the use 

and  management of irrigation  strategies  that  aim  to  

increase  water  productivity.  

Deficit irrigation (DI) has been widely investigated as 

a valuable and sustainable production strategy in theses dry 

regions. In fact, by limiting water applications to drought-

sensitive growth stages, this practice aims to maximize 

water productivity and to stabilize – rather than maximize 

– yields (Geerts and Raes, 2009; Wang et al., 2013). As 

earlier mentioned by Pereira et al. (2002), producing more 

per unit of water during the crop cycle through higher 

integrative water use efficiency may have strong impact at 

local and regional scale agriculture.  

Practically, the notion of water use efficiency (WUE) 

often used as synonym of water productivity (WP) is 

introduced as a combination of the efficiency and 

productivity ratios (Zwart and Bastiaanssen, 2004). Van 

Halsema and Vincent (2012) reported that WUE is 

generally derived from the ratio of crop or biomass 

production (the obtained product) to the gross amount of 

water availability at field level (water invested in the 

process), usually taken as irrigation water plus rainfall, of 
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which an undetermined fraction equating to actual crop 

evaptotranspiration (ETa) which is actually utilized for the 

crop physiological conversion process of biomass 

production and grain yield formation.  

Accordingly to this specific topic, the present study 

was conducted with the objectives (i) to evaluate a set of 

bread wheat (Triticum aestivum L.) genotypes, including 

two local ameliorated and two newly introduced cultivars, 

subjected to six water regimes, differing in management 

strategy, for crop performance indicators such as grain 

yield, dry matter production, WUE and irrigation water use 

efficiency (IWUE); (ii) to identify wheat drought-sensitive 

growth stage(s) that may contribute (s) to optimize these 

indicators and therefore can be used in breeding for limited 

water supply in response to deficit irrigation under the 

semi-arid conditions of the region. 

 

MATERIALS AND METHODS 

 

Description of experimental site 

The experiment was carried out in the agricultural 

research station of the Technical Institute for Field Crops 

(ITGC) (36° 10’N, 5°2’ E) localized near Sétif city, during 

the 2013-2014 growing season. The treatments comprised 

four bread wheat genotypes (G) and six water regimes (W). 

The plots were replicated three times in randomized 

complete block design. The area of an individual 

experimental unit was 1.20 m2 (1.20 × 1.0m). 

 

Soil and weather data 

The soil of the experimental field was silty-clay texture 

with pH 8.1 and 1.2% organic matter content. The gravimetric 

soil water content of the top 60cm soil, measured by pressure 

plate, is 24.6% at -0.033MPa and 11.8% at          -1.5MPa. 

Over 20 years from 1994-2014, the mean annual 

precipitation at the station, was 392 mm of which 

approximately 300mm fell from November to late June 

which coincide with bread wheat growing season. In 2014, 

along the same period, 283mm were recorded on the station 

as shown in Table1 (ONM, 2014). 

Definitely, this current distribution of precipitation is 

considerably less than that required by bread wheat 

development stages, which therefore make irrigation more 

crucial for this crop in order to achieve a high yield. 

 

Plant material 

Four genotypes of bread wheat (Triticuma estivum L.) 

were used as plant material, as shown in Table 2. Hidhab 

(HD1220) and El-wifak, two commonly ameliorated 

cultivars grown largely by farmers in the high plateaus of 

Sétif province and two newly introduced genotypes 

provided by ACSAD (The Arab Center for the Studies of 

Arid Zones and Dry Lands) institution, Djemila (ACSAD 

969) and Djanet (ACSAD 899). Crop development was 

categorized using the Zadoks scale (Zadoks et al., 1974).  

 

Crop management 

The seeds were planted in six rows with 17cm row’s 

interval at a seed rate of 250seeds.m-2. The seeds were sown 

on 12 December 2013 and plots were harvested on 22 June 

2014. Urea was split; half at sowing and half in the 

beginning of stem elongation stage at 1cm plant height 

(total 80kg.ha-1). Phosphorus was applied at the sowing as 

basal dressing in triple-superphosphate form (46% P2O5) at 

the rate of 7g.m-2 (70kg.ha-1) in compliance with the usual 

recommended agricultural practice in the region. Weed 

control was achieved both by application of post 

emergence herbicides and eventually by hand.  

 

Water regimes and irrigation application 

Six water regimes (W), differing in amounts and 

timing (crop growth stages) application, were applied to the 

various plots to ensure: 

W0: Rainfed without irrigation; 

W1: Irrigated during the stem extension from the second 

node detectable (Z32-Z39); 

W2: Irrigated during two stages; jointing at the first node 

detectable (Z31) and flowering stage when yellow anthers 

are visible on 50% of the spikes (Z65-Z69); 

W3: Irrigated during three stages; tillering (Z21-Z29), 

(Z32-Z39) and milky grain filling (Z70-Z79); 

W4: Irrigated during four stages; (Z21-Z29), (Z32-Z39), 

(Z65-Z69) and (Z70-Z79);  

W5: Irrigated at five growth stages; (Z21-Z29), (Z31), 

(Z32-Z39), (Z65-Z69) and (Z70-Z79).  

Water was carefully applied along the six cropping 

rows to ensure full coverage and uniform distribution on all 

irrigated plots. Supplemental irrigation was applied to all 

targeted treatments to maintain soil water content (the 

irrigation depth) equal to the maximum allowable deficit 

(MAD) at 75% of field capacity (Wang et al., 2013; Meng 

et al., 2015). The amount of water then applied to 

treatments was calculated to recharge the root zone close to 

field capacity water content. 

 

Crop measurements 

The flag leaf area (LA) was measured at heading stage 

according to Spagnoletti-Zeuli and Qualset (1990), as the 

product of length (L, cm) by average width (l, cm) 

multiplied by 0.7149 (eq. 1):  

LA= L×l×0.7149              (cm2)              (1) 

Plant height (PH, cm) was measured at maturity. Data 

on grain yield (GY, g.m−2) and above-ground biomass 

(BM, g.m−2) were recorded at harvesting. 

 

Water use and water use efficiency 

Actual crop water use (ETact, mm) was determined by 

measuring changes in soil water content (θ) during the 

growing season. To perform that, a soil water balance 

approach consisting of monitoring soil water content by 

gravimetric method was used.  Water use efficiency 

(WUE, kg.m−3) was determined as the ratio of crop 

production (grain yield or above-ground biomass, g.m−2) to 

actual seasonal crop evapotranspiration (mm) which 

represents the actual crop water use. According to Zwart 

and Bastiaanssen (2004); Payero et al. (2008) and Oweis 

and Hachum (2012), water use efficiency for grain yield 

(WUEGY) was estimated as the ratio of grain yield to total 

ETact (water use) (eq. 2): 

WUEGY= GY / ETact           (kg.m−3)          (2) 

Where GY is the actual marketable crop yield (g.m−2) 

and ETact is the actual seasonal crop water consumption by 

evapotranspiration (mm). While water use efficiency based 

on dry matter (WUEBM,) was estimated as the ratio of dry 

matter produced (g.m−2) to ETact (mm) during the same 

period as (eq. 3): 
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WUEBM= BM / ETact        (kg.m−3)                                (3) 

Payero et al. (2008) presented the irrigation water use 

efficiency (IWUE, kgm-3) as the ratio of grain yield (GY, 

g.m-2) by the seasonal irrigation (I, mm) as (eq. 4): 

IWUE =GY/I            (kg.m−3)                                       (4) 

 

Statistical analysis 

Statistical analysis was performed using SPSS Version 

23.0 (SPSS for Windows, IBM, Armonk, New York, 

USA). All data are presented as the mean of three 

replicates. ANOVA was used to establish significant 

differences, and treatment means were compared using the 

least significant differences (P = 0.05). 

 

RESULTS AND DISCUSSION 

 

Analysis of variance presented in Table 3showed that 
there were significant differences among water regimes 
(W) for most parameters, most notably for irrigation water 
use efficiency (IWUEGY), flag leaf area (LA) (P<0.001) 
and above-ground biomass (BM) (P<0.01). Also, It was 
found that the effect of the genotype (G) was significant 
distinctly for harvest index (HI) and plant height (PH) 
(P<0.001) furthermore for grain yield (GY), water use 
efficiency for grain yield (WUEGY) and irrigation water use 
efficiency (IWUEGY) (P<0.01). While the interactions 
(W×G) were not significant for all measured parameters 
confirming that genotype (G) behaved in the same trend as 
well as water regime (W) did. 
 

Effects of supplemental irrigation on genotypes grain yield 

The minimum grain yield was recorded under the 
rainfed treatment W0 with 251.25g.m-2, while the 
maximum of 310.83g.m-2 was recorded under the most 
watered regime W5 (Table 4), with an increase of 
approximately 24.0%. Introduced genotypes dominated 
markedly the grain yield, Djanet cultivar with 319.17g.m-2   

recorded the highest grain yield compared to local variety 
El-wifak with 250.0g.m-2 (Table 5). Actually, as Eurekul et 
al. (2012) reported, under the rainfed conditions, the 
distribution of rainfall over wheat growing season, 
furthermore daily high temperatures and water stress in 
spring time shorten the grain filling period, leading to earlier 
maturity of the grain, which results in lower grain yield. 

Oppositely, Adoption of supplemental irrigation 
improved grain yield up to 24.0% under W5 (310.83 g.m-

2) in comparison to rainfed treatment (W0). This is mainly 
attributed to the improvement of respective yield 
components; number of grains per Spike (30.30%), grains 
per square meter (32.20%) and grains weight per spike 
(29.24%) (Unpublished data) and closely agree with the 
finding of Sakumona et al. (2014) and Meng et al. (2015). 
As mentioned by Aissaoui (2019b) ensuring sufficient 
availability of water at the flowering stage (Z65-Z69) 
stimulates actively photosynthesis in the post-anthesis phase 
and allows assimilates, mainly carbohydrates, to migrate 
toward newly pollinated flowers, which makes it possible to 
maintain considerably the number of grains per spike and to 
improve the weight of grains per spike as reported by Ozturk 
and Aydin, (2004); Jalal et al. (2009). Furthermore 
Ghanbari-Malidarreh (2010) showed that alternative of 
conserving water for ET after anthesis is a more promising 
means of increasing yield, despite a lower ET, because 
transpiration leads directly to an increase in grain growth. 

 
 

Fig. 1: Correlation of grain yield (GY) with water use efficiency 

(WUEGY) among all cultivars grown under the same conditions in 

2013-2014 growing season 

 

 
 

Fig. 2: Correlation of harvest index (HI) with water use efficiency 

(WUEGY) among all cultivars grown under the same conditions in 

2013-2014 growing season 

 

 
 

Fig. 3: Correlation of grain yield (GY) with IWUE among the 

supplemental irrigation water regimes applied during the 2013-

2014 growing season 
 

Experimentally, supplemental irrigation has 

significantly increased the grain yield of the four tested 

genotypes and more markedly for the introduced genotypes 

Djanet and Djemila by 31.17% and 20.55% respectively in 

comparison to rainfed conditions, reflecting their good 

response to this mode of irrigation.  

Hidhab (HD1220), a relatively late cultivar in 

comparison to other genotypes, benefits from longer 

vernalization allowing it to reach an optimal level of 

physiological maturity, a mandatory condition for a more 

active germination, so this genotype dominates the number 

of raised plants (199.33), the number of survival tillers 

(658.67), the number of spikes (388.33) and the number of 

grains (18597.0) per square meter (Unpublished data). This 

variety has shown a remarkable adaptability to the 

environmental conditions of Sétif region through a good 

stability of respective yields in relation to each water regime  
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Table 1: Weather data during the growing season 2013-2014 in Sétif region (ONM, 2014) 

Month Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June 

Precipitation (mm) 28.9 49.3 22.4 31.0 37.7 16.9 74.0 2.2 60.8 38.4 

Temperature (°C) 21.5 19.5 9.1 5.7 6.6 7.3 7.5 13.1 17.4 24.0 

Humidity (%) 62.0 58.1 72.8 77.1 74.6 67.1 71.5 57.1 65.8 41.0 

 

Table 2: Pedigree and source of plant material 

Genotype Pedigree Source of material 

Hidhab (HD1220) HD1220/3*Kal/Nac CM40454 CIMMYT1(Mexico) 

El-wifak K134/4/Tob/Bman/Bb/3/Cal/5/Bucc CIMMYT(Mexico) 

Djemila (ACSAD969) Acsad 529// prl4S4/ VEE’s’ ACSAD2 (Syria) 

Djanet (ACSAD899) Acsad529/4/C182.24/C168.3/3/Cno*2/7C//CC/Tob-1s ACSAD (Syria) 
1CIMMYT: International Maize and Wheat Improvement Center;  2ACSAD: Arab Center for the Studies of Arid zones and Dry lands 

 

Table 3:  Analysis of variance for grain yield and performance indicators  

SOV DF GY BM HI PH LA WUEGY WUEBM IWUEGY 

W 5 5892.22* 50938.46** 4.89 30.39 43.358*** 0.015 0.091 170.11*** 

G 3 14663.89** 19582.43 178.19*** 377.43*** 24.727* 0.163** 0.239 9.313** 

W×G 15 3109.44 11470.69 7.93 12.52 6.160 0.037 0.144 2.861 

CV(%)  17.58 13.05 07.72 06.18 13.17 17.82 12.96 22.39 

R2  0.532 0.451 0.723 0.631 0.579 0.425 0.286 0.914 

GY = Grain yield, BM= Above-ground biomass, HI = Harvest index, PH = Plant height, LA= flag leaf area, WUEGY = Water use 

efficiency for grain yield, WUEBM= Water use efficiency based on dry matter, IWUEGY= Irrigation water use efficiency, CV (%): 

coefficient of variability, R2: coefficient of determination; *, ** and *** indicate the significance at 5, 1, and 0.1 % level, respectively. 

 

Table 4: Grain yield and performance indicators scores by the water regimes 

Water GY(g.m-2) BM(g.m-2) HI(%) PH(cm) LA(cm2) WUEGY(kg.m-3) WUEBM(kg.m-3) IWUEGY(kg.m-3) 

W0 251.25b 810.00b 30.96 68.30 16.24c 0.96 3.10 0.00d 

W1 272.08ab 893.50a 30.49 70.81 20.46ab 0.90 2.97 6.80 

W2 287.92a 920.17a 31.06 69.15 19.02b 1.01 3.22 11.52a 

W3 297.92a 913.50a 32.31 72.47 19.60b 0.99 3.04 7.45b 

W4 303.33a 983.83a 30.86 71.49 18.79b 0.96 3.11 5.52c 

W5 310.83a 985.83a 31.53 71.57 22.24a 0.95 3.02 4.78c 

Mean 287.22 917.81 31.20 70.63 19.39 0.96 3.08 6.01 

LSD0.05 41.23 97.82 ns ns 2.09 ns ns 1.10 

GY = Grain yield, BM= Above-ground biomass, HI = Harvest index, PH = Plant height, LA= flag leaf area, WUEGY = Water use 

efficiency for grain yield, WUEBM= Water use efficiency based on dry matter, IWUEGY= Irrigation water use efficiency. 

 

Table 5: Grain yield and performance indicators scores by genotypes 

Genotype GY(g.m-2) BM(g.m-2) HI(%) PH(cm) LA(cm2) WUEGY(kg.m-3) WUEBM(kg.m-3) IWUEGY(kg.m-3) 

Hidhab 286.39a 959.22 29.78b 70.03b 17.60b 0.97a 3.22 5.83b 

EL-wifak 250.00b 907.00 27.48c 76.84a 20.38a 0.84b 3.04 5.22b 

Djemila 293.33a 880.56 33.24a 69.88b 19.67a 0.98a 2.95 6.03b 

Djanet 319.17a 924.45 34.31a 65.79c 19.91a 1.07a 3.10 6.96a 

Mean 287.22 917.81 31.20 70.63 19.39 0.96 3.08 6.01 

LSD 0.05 33.66 ns 1.61 2.91 1.70 0.12 ns 0.89 

GY = Grain yield, BM= Above-ground biomass, HI = Harvest index, PH = Plant height, LA= flag leaf area, WUEGY = Water use 

efficiency for grain yield, WUEBM= Water use efficiency based on dry matter, IWUEGY= Irrigation water use efficiency. 

 

Table 6: Correlation coefficients between grain yield and performance indicators 

Parameter GY BM HI PH LA WUEGY WUEBM IWUEGY 

GY 1 .000 .000 .048 .477 .000 .000 .000 

BM .820** 1 .139 .404 .652 .000 .000 .000 

HI .703** .176 1 .000 .416 .000 .135 .025 

PH -.232* .100 -.514** 1 .343 .010 .978 .454 

LA .088 .056 .101 .118 1 .534 .119 .147 

WUEGY .938** .713** .715** -.303** -.077 1 .000 .001 

WUEBM .736** .865** .178 .003 -.192 .811** 1 .006 

IWUEGY .465** .422** .264* -.090 .179 .394** .322** 1 

GY = Grain yield, BM= Above-ground biomass, HI = Harvest index, PH = Plant height, LA= flag leaf area, WUEGY = Water use 

efficiency for grain yield, WUEBM= Water use efficiency based on dry matter, IWUEGY= Irrigation water use efficiency: * and ** 

indicate the significance at 5% and 1 % level respectively. 
 

adopted (rainfed and SI). According to Sakumona et al. 

(2014), such genotype possesses inherent potential or 

introgressed genes allowing it to control physiological 

mechanisms and to tolerate more or less severe water stress 

conditions.  

Effects of supplemental irrigation on genotypes above-

biomass and harvest index 

The minimum above-ground biomass was recorded 

under the rainfed treatment W0 with 810g, while the 

maximum of 985.83g was recorded under the most watered 
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regime W5 (Table 4) with an increase of 21.70%. During 

the experimentation, supplemental irrigation applied at the 

two stages; jointing at 1st node (Z31) and milky grain-

filling (Z70-Z79) significantly differentiated the irrigation 

regimes from the rainfed treatment (W0) by 13.6% for W2 

up to 22% for W5. This was achieved through the 

accumulation of dry matter in the first leaves, the 

herbaceous tillers and the main stems producing a 

considerable mass recovery and leading to a regeneration 

of larger above-ground biomass. Angus and Herwaarden 

(2001) showed that difference between the efficiencies for 

the total dry matter was due to an accumulation of cellulose 

in the in stems during grain filling.  

The introduced genotypes Djanet and Djemila 

recorded the higher harvest index means with 34.31% and 

33.24% respectively, while El-wifak genotype recorded the 

lowest with 27.48%. Genotype effect subdivides the tested 

cultivars into three different classes where the introduced 

genotypes Djanet and Djemila performed very close 

indices with 33.24% and 34.31% respectively. Thus, 

revealing a genetic potential to produce a satisfactory 

grain/straw ratio in respect to their relatively shorter stature 

compared to local genotypes. This finding is supported by 

Austin (1994) who affirmed that a high harvest index is 

only obtained with short spikes, under improved mineral 

nutrition at the juvenile stage of the plant. Likewise, Butler 

et al. (2005) confirmed that semi-dwarf stature genotypes 

performed more favorable characteristics of the spike and 

produced more grains compared to straws. 

 

Effects of supplemental irrigation on genotypes leaf 

area and plant height 

The minimum leaf area of 16.24cm2 was recorded 

under rainfed treatment W0, while the maximum of 

22.24cm2 was achieved under the most watered regime W5 

(Table 4) with an increase of 26.97%. Whilst the local 

genotype Hidhab with 17.60cm2 recorded the lowest leaf 

area, El-wifak cultivar developed the highest leaf area with 

20.38 cm2 (Table 5). 

The flag leaf area measured at the heading stage, 

showed that application of W5 water regime, covering two 

irrigations applied on stem elongation stage; at jointing 

(Z31) and up to beginning booting (Z32-Z39), has the 

highest leaf area of 22.24cm2 with a difference of 36.95% 

in comparison to the rainfed treatment W0. This expansion 

actively contributes to develop larger plant foliage which 

allows reducing water evaporation from soil surface as well 

as to improve the plant photosynthetic capacity, hence 

producing higher grain yield (Aissaoui, 2019). 

Both introduced genotypes Djemila and Djanet as well 

as El-wifak cultivar presented larger leaf area with 19.67, 

19.91 and 20.38cm2 respectively, while Hidhab variety 

showed smaller leaf area with 17.60cm2. According to 

Tardieu (2005) reducing the size of the leaves which results 

in a smaller transpiring leaf area, is an adaptive response to 

water deficit under stress conditions. In longer term, a 

reduced leaf area can save soil water for the later stages of 

plant development via a reduction in transpiration. 

Local cultivar El-wifak with 76.8cm plant height was 

the tallest genotype, while Djanet genotype had the lowest 

plant height with 65.8cm. Probably this genotype is 

endowed with a genetic trait which allows generating a 

highly significant genotypic effect mainly for the grain 

yield and the harvest index. Indeed, according to Butler et 

al. (2005), semi-dwarf stature genotypes perform more 

favorable characteristics for the spike and improved yield 

in shorter plants due to increased partitioning of assimilates 

toward the grain. 

 

Effects of supplemental irrigation on genotypes water 

use efficiencies 

The Introduced cultivar Djanet with 1.07kgm-3 gave 

the highest WUE for grain yield compared to local variety 

El-wifak with 0.84kgm-3 (Table 5). 

Djanet genotype, with the smallest plant height of 

65.79cm, achieved the highest WUEGY with 1.07kgm-3. 

This increase was largely associated with the improvement 

in both grain yield and harvest index as reported by Zhang 

et al. (2016). Previously, Austin (1999) has implicated the 

wide use of semi-dwarf cultivars (giberellic acid 

insensitive) in wheat, which has increased remarkably the 

harvest index of cultivars with lower plant height. By 

contrast, tall cultivars as El-wifak genotype, presenting the 

highest plant height with 76.84cm, as well as the highest 

leaf area with 20.38cm2, achieved through longer and wider 

leaves, has recorded the lowest WUEGY with 0.84kgm-3.  

Note that both WUEGY and WUEBM were statistically 

not significant among the tested water regimes. Oweis and 

Hachum (2012) pointed out that the common practice of 

supplemental irrigation is not the most efficient in terms of 

WUE for grain yield in Mediterranean environments. 

Considering that water is the main limiting resource in this 

dry area, the loss of grain yield due to deficit irrigation may 

be negligible compared to water saving. As well, Blum 

(2000) reported that WUE is a misleading parameter when 

applied to plant breeding for water-limited environments 

where soil water extraction capacity is important. 

 

Effects of supplemental irrigation on genotypes 

irrigation water use efficiency 

Whereas differences among the water regimes for 

WUEGY were not significant, it was evident to study 

IWUEGy which should be assumed to increase with 

irrigation applications. According to Payero et al. (2008) if 

water is the factor limiting production, increasing IWUE 

which means decreasing WUE could be desirable, since 

IWUE and WUE had an opposite behavior with irrigation. 

Among the irrigated treatments, it seems that IWUE 

sharply decreased with increasing irrigation amount. The 

IWUE for grain yield was the lowest under the W5 water 

regime with 4.78kg.m-3, while the highest was recorded 

under the W2 regime with 11.52kg.m-3 (Table4) 

mentioning an increase of 140%. The Introduced cultivar 

Djanet with 6.96kg.m-3 gave the highest IWUE for grain 

yield in comparison to local variety El-wifak with 

5.22kg.m-3. 

It was found that IWUEGY increased sharply with 

application of supplemental irrigation up to a peak point 

close to the W2 water regime recording a optimum of 11.52 

kg.m-3, then decreased beyond W3 water regime (7.45 

kg.m-3) with more-irrigated treatments where additional 

irrigation, did not contribute to produce additional grain 

yield. In fact, it is quite clear that applying supplemental 

irrigation during two growth stages, jointing (Z31) and 

flowering (Z65-Z69), has impacted more efficiently grain 

yield than the most watered regime (W5) has done.  
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Zhang et al. (2016) found that WUE was greater for 

lower irrigation treatments and maximum grain production 

was achieved with moderate water deficit. Thus, under the 

semi arid conditions of Sétif region where grain filling only 

lasts for one month, moderate water deficit accelerated the 

remobilization and transfer of dry matter from vegetative 

tissues to the grain (sink organs), resulting in higher grain 

yield and WUE as it was explained by Zwart and 

Bastiaanssen (2004). 

 

Correlations between grain yield and performance 

indicators 

Using a simple linear correlation, Table 6 showed 

correlation coefficients of grain yield and performance 

indicators. Grain yield was positively and significantly 

correlated with above-ground biomass (r2 = 0.820, 

p<0.001) and the harvest index (r2 = 0.703, p<0.001) 

indeed Zwart and Bastiaanssen, (2004) confirmed that 

genotypic gains in grain yield were associated with an 

increase in harvest index. 

Improved WUEGY in new introduced cultivars was 

mainly associated with the increase of the grain yield 

(r2=0.983, p<0.001) which was confirmed by the linear 

relationship (r2= 0.998, n=72) between WUEGY and GY, as 

presented in Figure 1, the positive relationship indicated 

that using or introducing higher yielding cultivars has the 

potential to improve WUEGY. On the other hand due to the 

harvest index (r2=0.715, p<0.001) which consists a crucial 

determinant of WUEGY in water-limited conditions, borne 

out by the linear relationship (r2= 0.847, n=72) between 

WUEGY and HI, as presented in Figure 2, as well as by the 

shorter stature of the cultivars (r2=-0.303, p<0.05). Indeed, 

Siddique et al. (1990) found that increased WUE for grain 

yield in modern cultivars was significantly associated to the 

improvement of HI and improved canopy structure. 

IWUEGY was positively and significantly correlated to 

GY (r2=0.465, p<0.001), BM (r2=0.422, p<0.001), WUEGY 

(r2=0.394, p=0.001) and WUEBM (r2= 0.322, p<0.001) 

furthermore with HI (r2=0.264, p<0.05). Indeed, the 

improvement of wheat production from a limited water 

supply, especially in the semi-arid Mediterranean regions, 

is subject to a strict management policy. First of all, from 

providing a sufficient total amount of water for the crop at 

a targeted growth-stage such as was obtained through 

supplemental irrigation implementation during the two 

water-sensitive growth stages Z31 and Z65-Z69 under W2 

accumulating an overall watering amount of 286mm. As 

well as from improving the irrigation of water use 

efficiency through the adoption of deficit irrigation as it 

was distinctly recorded under W2 with11.52kgm-3 in 

comparison to the most irrigated regime, where additional  

irrigation became excessive and did not produce 

supplementary yield as shown on Figure 3. Indeed, Payero 

et al. (2008) demonstrated that yield tends to increase with 

irrigation up to a point where irrigation becomes excessive, 

which most likely reduces the amount of oxygen in the crop 

root zone and increases the likelihood of nitrogen leaching, 

making less of it available for crop uptake. 

Conversely, a negative significant relationship was 

found between PH and HI    (r2=-0.514, p<0.001), GY (r2= 

-0.232, p>0.05) furthermore WUEGY (r2= -0.303, p<0.05) 

among tested cultivars.  The use of semi-dwarf genotype 

Djanet which resulted in the lowest plant height (65.79cm) 

was associated with the highest HI (34.31%) and the 

highest grain yield with 319.17g.m-2 as well as for the 

WUEGY with1.07Kg.m-3. By contrast, El-wifak, the tallest 

genotype (76.84cm),  has longer and wider leaves which 

generate largest leaf area (20.38cm2) contributing to 

produce the highest TGW (47.20g) (unpublished data) but 

with the lowest WUEGY with 0.84kg.m-3, confirming that 

breeding of winter wheat with semi-dwarf stature, 

characterized by a reduced plant height, not only increased 

the harvest index, but also favored a higher WUEGY, as was 

reported by Zhang et al. (2016) and that the semi-dwarf 

stature cultivation remains preferable under the drought 

conditions of end-of- wheat cycle (Rebetzke et al., 2004).  

 

Conclusion 

Deficit irrigation practice was found to improve bread 

wheat performance traits such as grain yield, above-ground 

biomass, leaf area and IWUE, particularly for semi-dwarf 

stature genotypes. When efficiently managed, the number 

of irrigation was reduced by 2 and the IWUE was increased 

by 140% under W2 water regime. Therefore, it is 

concluded that to achieve optimal irrigation management 

in the semi-arid wheat-plateaus of Sétif region; it is 

recommended to irrigate bread wheat with limited water 

applications at two drought-sensitive growth stages; 

jointing (Z31) and flowering (Z65-Z69), for guaranteed 

maximum irrigation water productivity and to maximize – 

rather than stabilize –yields. 
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