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Abstract:
Two regimes of water, rainfed and irrigated with respect to rainfall and the stages of cultivation were applied on two varieties:
Gta-Dur and Vitron. The period (2014-2016) was characterized by a large variability in the distribution of rainfall amounts.
Precipitation recorded between December 2014 and May 2015 totaled 232 mm, while precipitation was very low in the second
year (2015-2016) when precipitation amounted to 173 mm.
Rainfed grain yields range from 9 quintals per hectare in 2014 to 12 the two varieties are considered less productive in rainfed,
their yield remains lower than 20 quintals per hectare but presents a better stability, they are less affected by early drought.
The use of water must be maximized in the form of transpiration optimize production. Therefore, reducing the evaporation and
simultaneously improving water storage or holding capacity and also controlling weeds are the key-procedures in order to improve the
CWP by the plant. Thus, optimizing the productivity of water in rainfed crops and improving cereal yield in cropping systems with
limited water requires the maximization of precipitation for transpiration by reducing losses of soil water.
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INTRODUCTION:
In Algeria, the total area of the national territory is
238 million hectares. 42 million with an agricultural
vocation of which 8.4 million hectares are useful.
Cereal production in Algeria no longer covers the
needs of the population since 1970 [1], wheat hard
being the main straw cereal grown on 47% of the
cereal sole [2]. In those areas where the average
annual rainfall is less than 450 mm, the
yield of durum varies between 7 and 10 q / ha and
inter-annual
variability
is
high
due
to
an increasingly erratic rainfall distribution [1,3].
In this environment, water stress can occur at any
point in the cycle cultural [4]. Once the soil water
present at the plantation in November is exhausted,
the amount of rain received in the spring will
determine the level of yield in the absence of
irrigation complement [5]. Thus, if the drought
occurs during the two weeks preceding the heading, it
can reduce the number of grains per spikelet[6],
while the lack water at the end of the cycle reduces
the weight of the grain [7]. The number of spikes per
m² will be reduced by a drought that begins when
wheat is tilled [8].
A relatively small number of durum wheat varieties
are grown in Algeria come from local populations or
from a fairly recent introduction [9]. Local genotypes
are characterized by low yield potential but enough
stable. In contrast, introductory genotypes achieve a
high potential of production but only in favorable
water and thermal conditions. That is why, to develop
this potential and stabilize production, the irrigation
of durum wheat has been proposed in complement of
varietal choice [10]. The overall objective of this
study is to determine the water requirements of
durum wheat and the control of supplementary
irrigation of durum wheat in the semi-arid zone. This
requires analysis results of these experiments in terms
of the overall response of the crop to irrigation and in
terms of water productivity achieved. This
contribution systematically returns to a context of
regional and national economic profitability. We plan
to reach aset of recommendations will be made to
advise on better optimization of supplementary
irrigation in semi-arid zones.
MATERIALS AND METHODS:
Study area
The plain of F'kirina is located in the province of OumEl-Bouaghi (northeastern Algeria), it is bordered by the
Constantinian High Plains, the Mountains of Mellegue,
Harectas and Nememchas. Its surface area is about 650
km2 (Fig. 1). The plain of F'kirina belongs to the subwatershed of Garaet Tarf (2430 km²), which is a part of
the watershed of Hauts-Plateaux Constantinois (9578
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km²). Evapotranspiration and infiltration of runoff in this
area are dependent of several factors including
watershed steep slope, geological nature of outcrops,
climate characteristics, and vegetation [11].
The study area is characterized by a semi-arid
Mediterranean climate. The coldest moth is January and
the hottest month is July. The rainy season occurs
between October and March; the rest of the year is
considered dry (Fig. 2). During the two study crop years
(2014–2015 and 2015–2016), the highest temperature
was recorded during May with 26.8 in 2015 and 18.6 °C
in 2016. While the coldest month was December with 2.4
°C in 2014 and 1.0 °C in 2015. The rainfall occurred
between December 2014 and May 2015 totaled 232 mm,
while the rainfall was very low during the 2nd year
(2015–2016) where precipitation totaled 173 mm.
Plant material
Two varieties of durum wheat were selected as a test
plant in our experiments: the GTA-Dur variety
(characterized by a short development cycle of 157 days
with a flowering period of 123 days) and the Vitron
variety which at the beginning of its life cycle stages,
has a slight delay in maturation compared to the GTADur variety. This delay varies between 4 and 49 days
with a difference of 7 days at the end of the cycle [12].
Study and experimental design
In order to avoid the effects of the slope in the study
plots, the experimental design adopted was the complete
random block type for the two tests. The elementary
plots were of 6 square meters (2 × 3 m). Sowing was
carried out in mid-December each year with a density of
250 grains/m² and 92% of lifting rate. The first
experimentation comprised two extreme water regime
treatments. The first treatment conducted in maximum
evapotranspiration (ETM) during all the vegetative cycle,
and the second was carried out under in rain mode
(Pluv). The second experimentation consisted of four
water treatments (T1, T2, T3 and T4) corresponding to
the timing of supplementary irrigations that matched four
wheat growth phases: tillering, heading, flowering and
grain growth (Table 1). Each treatment was repeated
three times (i.e. three elementary plots). Irrigation was
done by means of watering cans to homogenize the
quantity of water over the whole plot. Outside the
supplementary irrigation period and with the exception
of the ETM treatment, all treatments were conducted
under rainfed conditions (without irrigation).
The number of blocks was two for the first test and four
blocks for the second test, each block contained three
micro-plots corresponding to the two varieties studied.
Therefore, with a total of eighteen micro-plots for each
varieties thus making 36 elementary plots for the whole
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device per crop year. The field work carried out
consisted of deep plowing in March and September
followed by two cover crops with spreading of basic
fertilizer: T.S.P. (triple superphosphate 46%) at 1.5
quintal/ha. In March–April, nitrogen fertilizers were
applied in the form of urea 46% at a rate of 1.5
quintal/ha. Chemical weed control is carried out, just
after nitrogen fertilization, with the GrandStar [Methyl
triberunon] at a rate of 12 g/ha.
Estimation of water requirements of durum wheat
The water requirements of a crop represent the height of
water needed to ensure the equivalent of maximum
evapotranspiration of a crop in good health, under nonlimiting water and fertility conditions, thus leading to a
potential yield under given climatic conditions [13].
They are expressed by the notion of cultural maximum
evapotranspiration
(ETM)
defined
by daily
evapotranspiration (in mm per day) of a given crop
related to the crop stage, maximum environmental
conditions, and cultural practices [14]. The daily
quantities of water to be supplied for the ETM plot were
determined by calculating the evapotranspiration using
the following formula: ETM=Kc × ET0, whereET0:
reference evapotranspiration, Kc: crop coefficient. The
coefficient Kc varies from 0 to 1.2 and depends on the
growing stage of the culture. A set of Kc values allows
the evaluation of water requirements of cereals
according to the different stages of growth [15].
Moreover, ET0 was calculated using the software
CROPWAT
version
8.0
(www.fao.org/land
water/databases-and-software/cropwat/en/), which is a
computer program that allows calculating the water
requirements of crops per decade and day based on
updated algorithms which include the adjustment of the
values of the culture coefficients using the PenmanMonteith equation.
Data collection, ratings and measurements
Ratings and measurements of growth traits and yield
components were based on the determination of the
duration of the vegetative phase counted in number of
calendar days from 1 January to the date of removal of
50% of the barbs from the sheath of the standard leaf
[16].
Measured characters
Determination of crop water productivity
The agricultural sector faces the challenge to produce
more food with less water by increasing Crop Water
Productivity (CWP) [17]. A higher CWP results in
either the same production from less water resources,
or a higher production from the same water
resources, so this is of direct benefit for other water
users. In this study CWP (kgm−3), which is
originally referred to in literature as ‘water use
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efficiency’, is defined as the marketable crop yield
over actual evapotranspiration:
CWP = Y ÷ P+I (kgm−3)
Y being the yield of grains, (P) and (I) are
cumulative
Rainfall and irrigation respectively
Production components
Grain yield and yield components were determined at
plant maturity from the packs harvested on a segment of
rank one millimeter long.
● Number of spikes per m² (NS/m²): was determined
by counting all spikes from the same boot.
● Number of grains per spike (NGS): We counted the
grains from the spikes of the sample that were used to
determine the previous parameters.
● Weight of 1000 grains (WTG): The weight of 1000
grains was determined, according to the weight of the
counts of 4 times 250 seeds.
● Total yield: was determined as; Yield = NS/m² ×
NGS × WTG, results were converted to quintals/ha.
Statistical analysis
For each growth or yield parameter, the collected data
from the two experiments were analyzed using threeway analysis of variance (ANOVA) of randomized
complete blocks (RCB) design. The factors considered
were 'Year' with two levels (2014–2015 and 2015–
2016), 'Variety' with two levels (GTA-Dur and Vitron)
and 'Treatment' with six levels (T1, T2, T3, T4, ETM,
Pluv). All possible interactions between these three
factors were included in the model. In order to
compare results between varieties within each
treatment and between treatments, Tukey's post-hoc
test were conducted when ANOVA showed significant
effects (i.e. P<0.05). Results of the multiple
comparisons of averages (homogeneous groups) were
associated with graphs displayed in the form of
boxplots. Besides the statistics represented in each
boxplot, the average (of three repetitions) was also
included.
Next to that, the relationship between yield component
and CWP for the six irrigation treatments and wheat
cultivars was modelled using generalized linear models
(GLM). Irrigation treatments wereimplemented in the
GLM as explanatory variable to test whether this
relationship ‘yield vs. CWP’ differed between treatments
for both wheat cultivars and for each cultivar separately.
The interactionbetween treatments and CWP was
included in the model GLM. The variation of the total
yield was fitted to a Gaussian distribution error with
identity link, then the effects of explanatory variables
were summarized using type-IIIF-test.
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Moreover, the relationships between the measured and/or
calculated variables were studied by Pearson correlation
tests at P<0.05. All statistical analyzes were carried out
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with the software R version 3.3.2. (R Core Team, 2016)
using the following libraries {ggplot2}, {corrplot},
{Rcmdr}, {splines}, {car} and {sandwich}.

RESULTS AND DISCUSSION:
Table 1: Timing and irrigation volume of the treatments following the vegetative phases of the durum wheat
cultivated in the region of Oum-El-Bouaghi, northeastern Algeria
Irrigation
Treatments
Vegetative stage
Irrigation timing
volume (mm)
First irrigation for the treatments T1, T2, T3 and T4
Tillering
Early February
20
Second irrigation for the treatments T2, T3 and T4
Heading
Late March
40
Third irrigation for the treatments T3 and T4
Flowering
Mid-April
40
Fourth irrigation for the treatments T4
Grain growth
EarlyMay
40
Table 2: Analyses of variance testing the variation of production and yield components (NP/m², NS/m², NGS,
WTG, yield) of two varieties of durum wheat cultivated under semi-arid conditions of Algeria (Df: degrees of
freedom, SS: sum squares, MS: mean squares, F: F-statistics, P: P-value, Sig.: statistical significance,***:
P<0.001, **: P <0.01, *: P <0.05, ns: P >0.05)
Variables
Df MS
F
P
Sig.
MS
F
P
Sig.
Weight of 1000 grains
Year (Y)
1
180.4
26.69
<0.001
***
Variety (V)
1
455.5
67.40
<0.001
***
Treatment (T)
5
909.3
134.56
<0.001
***
Y×V
1
95.8
14.18
<0.001
***
Y×T
5
25.9
3.83
0.006
**
V×T
5
100.8
14.92
<0.001
***
Y×V×T
5
44.6
6.60
<0.001
***
Block
2
15.6
Residuals
46
6.8
Number of spikes per m²
Total yield
ns
Year (Y)
1
81608
5.74
0.021
*
44
2.27
0.139
Variety (V)
1
381064
26.82
<0.001 ***
404
20.76
<0.001
***
Treatment (T)
5
18477336
1300.27
<0.001 ***
6573
337.46
<0.001
***
ns
ns
Y×V
1
35289
2.48
0.122
9
0.45
0.506
ns
Y×T
5
59131
4.16
0.003
**
6
0.29
0.916
V×T
5
192203
13.53
<0.001 ***
118
6.06
<0.001
***
ns
Y×V×T
5
45113
3.18
0.015
*
14
0.74
0.600
Block
2
11799
181
Residuals
46 14210
19
Number of grains per spike
ns
Year (Y)
1
40.5
4.01
0.051
Variety (V)
1
338.0
33.43
<0.001 ***
Treatment (T)
5
2259.6
223.46
<0.001 ***
ns
Y×V
1
18.0
1.78
0.189
Y×T
5
41.3
4.08
0.004
**
V×T
5
45.6
4.51
0.002
**
ns
Y×V×T
5
14.5
1.43
0.230
Block
2
139.4
Residuals
46 10.1
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Fig. 1: Location of the experimental site ‘plain of F'kirina’ in the Wilaya (province) of Oum-El-Bouaghi,
northeastern Algeria

Fig.2: Gaussen's ombrothermal diagrams of the region of Oum-El-Bouaghi (northeastern Algeria), (A) for the
period 2003–2016, and (B) for the two agricultural seasons 2014–2015 (continuous lines) and 2015–2016 (dotted
line)
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Fig.3: Variation of grain yield and its components in the Durum Wheat (Triticum durum) grown in northeastern
Algeria following different water regimes including supplementary irrigations. The same letters associated with
average values (white circles) are significantly not different following Tukey's post-hoc test
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Fig.4: Effects of crop water productivity (CWP) on the grain yield of durum wheat at different irrigation
treatments under field conditions in northeastern Algeria. The lines represent a linear regression with a
GLM (generalized linear model) fit with 95% confidence regions in light grey. F and P values are statistics
of the GLM
of 1094% from 5.34 quintals/ha in rainfed to 63.8
Effect of supplementary irrigation on grain yield
Statistical analysis revealed a very highly significant
quintals/ha for the variety Vitron under ETM.
effect (P<0.001) of the water regime on yield (Table
3).The yield of the durum wheat crop improved by
These results confirm those obtained by Mengistu et al.,
15.8%, 71.3%, 125.3% and 229.5%, for the irrigation
(2015) . The series of field trials showed the predominant
conditions T1, T2, T3 and T4, respectively, with respect
role of irrigation in improving and stabilizing grain yield.
to the control condition (Pluv). Thus, the grain yield
Taking into account the results obtained in this study, the
increased from 4.97 quintals/ha in the GTA-Dur (Pluv)
contribution of supplementary irrigation to the
to 60.05 quintals/ha in the irrigated control (ETM)
improvement of yields is indisputable. Supplementary
treatment, an increase of 1108% (Figure 3); and a gain
irrigation significantly improved grain yield at any stage
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of water supply. The increase of yield in GTA-Dur,
compared to rainfed condition, was 45.3%, 61.0%,
344.5%, 640.6% and 1108% for T1, T2, T3, T4 and ETM
treatments, respectively. Whereas in Vitron, irrigation
treatments T1, T2, T3, T4 and ETM induced an upsurge
of33%, 84.3%, 423. 8%, 902% and 1094.7%,
respectively (Figure 3). The development of abundant
yield depends not only on the timing of water supply but
also on the irrigation dose because the latter changes
following the water needs of each phase during the
breeding period.
For example, irrigation during the flowering stage
improved the efficiency and effectiveness of water use
(CWP) and allowed the conservation of 34% of the
irrigation water compared to the ETM (Figure 4).
Controlled supplementary irrigation strategy contributes
to water rationalization and sustainability. The results of
Figure 4 indicate also that irrigation treatment T4 clearly
highlight that Vitron was much more tolerant to drought
than GTA-Dur. This suggests that when farmers have
little and/or less access to irrigation water, they should
use Vitron instead of GTA-Dur.
The results of this study showed that supplemental
irrigation is effective in improving and stabilizing yields
in arid and semi-arid areas where water is a limiting
factor of production. This irrigation leads to additional
costs and its profitability depends on the balance
between the yield gain and the expenses incurred to
obtain it. An economic study on the different irrigation
systems is therefore necessary to further justify this
technique and its cost-effectiveness.
Effects of supplemental irrigation and CWP on yield
The GLM revealed the existence of a very highly
significant effect (P<0.001) of the CWP at different levels
of irrigation ‘treatments’ as well as their interaction
(treatments*CWP) on the variation of grain yield values
of both varieties (Figure 4). Supplementary irrigation
improved crop water productivity and consequently
increased grain yield, however, the model revealed that
no difference between study cultivars (P=0.150). The
results obtained showed that a water supply at the
beginning of the breeding period (T1, T2 and T3) did not
have a large positive effect on the improvement of CWP
(values ranging from 2.88 to 8.55 kg/m3) compared to the
rainfed crop (Figure4). It is concluded that strong climatic
demands, especially during the first cycle, cause rapid
drying out of the surface horizons associated with the
inability of the crop to exploit water from deep horizons.
Water supply at the end of the reproductive period (T4)
with 140 mm of water distributed over the stages:
tillering, heading, flowering and grain growth has resulted
in an improvement of CWP with a maximum value of
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15.5 kg/m3 and an increase of yield. These results are
consistent with those of Karrou (2013) [18].
CWP increases when the uses of rainwater and irrigation
inputs are reasonable [19]. Under regular irrigation
(ETM), the test leads to better use of CWP water (up to
17.5 kg/m3) and therefore a better grain yield with about
63 kg/ha. Although the variety Vitron showed a bit
higher productivity and used more efficiently water
under the ETM treatment, but the GLM demonstrated
that the variation pattern of yield vs. CWP in this variety
is as similar as that of GTA-Dur (Fig. 4). Supplementary
irrigation significantly increases the water use efficiency
compared to the treatment with rainfed conditions and
reduces its inter-annual variation. For the improvement
of irrigated CWP in wheat crop under arid and semi-arid
conditions of North Africa, it is proposed to (i) apply 3
to 4 irrigations at the appropriate time of the growth
season, (ii) control weeds, and (iii) apply suitable doses
of fertilizer. In that context, biofertilizer are
demonstrated to offer better yields and resilient
adaptation to plants grown under water and salinity
stresses compared to mineral fertilizer [20,21].
Nakhforoosh et al. (2016) [22] consider that CWP is a
component of crop resistance to water stress which
determines the yield. Indeed, the yield of a crop mirrors
the product of the water used by the plant and how
efficiently water is used [23]. In addition, Khila et al.
(2015) [24], find that improved CWP in modern
cultivars is associated with rapid development, early
flowering, good vegetation cover structure, and a high
harvest index.
CONCLUSION:
Irrigation and varietal improvement serve two main
purposes: increased yields and stability of durum
wheat production (Triticum durum.Desf.) in the semiarid Mediterranean regions.
Rainfed grain yields range from 9 quintals per hectare
in 2014 to 12 the two varieties are considered less
productive in rainfed, their yield remains lower than
20 quintals per hectare but presents a better stability,
they are less affected by early drought.
However, the new variety introduced in the study
area: Vitron is very unstable in rainfed conditions and
should be systematically irrigated. Indeed, according
to Bouthiba (2007), in the case where irrigation is
fully available, Vitron would be a good choice if the
potential of the crop is achievable.Vitron is the only
variety with good yield potential and tolerance to
drought. It could maximize the productivity of
irrigation water applied especially between the
heading and the grain stage. The grain yield in the
Vitron variety exceeds 30-40 quintals per hectare.
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In rainfed, the number of spikes m-² (NE) and the
number of grain per spike (NGE) constitute the most
critical components in the development of the final
performance while under the number of grain per
spike (NGE) and the weight of one thousand grains
(PMG) are the most determinants.

9.

The use of water must be maximized in the form of
transpiration optimize production. Therefore, reducing
the evaporation and simultaneously improving water
storage or holding capacity and also controlling weeds
are the key-procedures in order to improve the CWP by
the plant. Thus, optimizing the productivity of water in
rainfed crops and improving cereal yield in cropping
systems with limited water requires the maximization of
precipitation for transpiration by reducing losses of soil
water.

11.

10.

12.

13.
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Abbreviations
ETM: maximum cultural evapotranspiration.
ET0: reference evapotranspiration.
Kc: crop coefficient.
Pluv: rain mode.
T1: irrigation treatment during the tillering stage.
T2: irrigation treatment during the Heading stage.
T3: irrigation treatment during the Flowering stage.
T4: irrigation treatment during the Grain growth stage.
CWP : Crop Water Productivity
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