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ABSTRACT

Abiotic stresses represent a major impediment
to crop productivity, especially in arid regions.
Thus, over two years of 2014 and 2015, a field
experiment was undertaken at El Nubaria region,
Egypt to assess the productivity and water use
efficiency (WUE) of sunflower as affected by plant-
ing dates (April 21, May 21, and June 21) and
irrigation levels (ETi00%, ETssw and ETzow%,). Re-
sults clarified that leaf chlorophyll a content was
higher by sowing in May than in either April or
June sowings, while leaf carotenoides of plant
sown in May or June surpassed those sown in
April. The minimal value of proline was obtained
with sowing in May. Sowing in May increased plant
height by 52.2 and 22.3 as well as LAI by 19.3 and
73.1% than sowing in April and June, respectively.
The reductions in seed yield, oil yield and WUE
amounted to 10.5 and 12.8, 13.7 and 18.3 as well
as 11.8 and 9.8 % with April and June sowings,
respectively, compared to May sowing. ETioon
showed superiority over than ETgsy and ET7qs in
improving sunflower yields and its attributes, but
WUE did not affect. Sunflower sown in May and
irrigated with ET100% gave the maximum values of
seed yield and its attributes and WUE surpassing
other interaction treatments. In June, WUE value
increased under severe water deficit i.e. ET7o%
comparing to moderately water—stressed (ETssu,)
or well-watered conditions (ET1009%)-

(Received 31 January, 2018)
(Revised 10 February, 2018)
(Accepted 11 February, 2018)

INTRODUCTION

Although the strategic importance of oilseed
crops for Egyptian people could not negligible,
Egypt is suffering from a huge gap of oil ranging
between 87-90 %. There are many annual oil
crops can be cultivated, however, the area devoted
for this purpose is limited, not exceeding 1.58% of
the total crop acreage (CAPMAS, 2014)*. This is
due to the intense competition between oil crops
and other strategic, notably grain and forage, ones.
For shrinking this issue, the expansion vertically
and horizontally is crucial. However, in dry land
cropping systems, water is the most important lim-
iting factor for crop production (Ashrafi and
Razmjoo, 2009). Regarding oil production, sun-
flower is one of the four most important oilseed
crops (Demir et al 2006). It represents a source of
high quality edible oil containing about 55-65% of
linoleic acid, 20-30 % oleic and different fatty acids
(Joksimovic et al 2006). In addition, because of
the seed has high oil and protein, being 36-52%
and 28-32%, respectively (Rosa et al 2009) as
well as the extracted oil has low cholesterol and
high unsaturated fatty acids (Flagella et al 2002;
Qahar et al 2010) which suit proper nutrition, sun-
flower has been receiving trustworthy attention.
Sunflowers, moreover, can response well under
different climatic and soil conditions (Kaleem et al
2011).

Drought is one of the major constraints to crop
production in the world (Farooq et al 2012). In-
creasing disquiet of water incompetence and more
continual and harsh drought due to climate change
has stimulated research toward water-aving irriga-
tion programs aiming at producing more ‘crop per
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drop’ (Dodd, 2009; Morison et al 2008). In this
respect, usage water below full crop—water re-
quirements is regarded one of the significant pat-
tern to overcome shortage water resources
through diminishing irrigation water amounts
(Fereres and Soriano 2007; Kang et al 2000).
Such practice planed to improve water savings in
agriculture (Bashir and Mohamed, 2014) but it
should be performed taking crop species into ac-
count. Productivity of sunflower is mightily regulat-
ed by the availability of water and greatest yield
losses manifest when water shortage occurs
(Yawson et al 2011).

Different climatic conditions based on tempera-
ture predominant in varying seasons during the
crop growth stages may lead to variations in yield
components (KIl and Altunbay, 2005). Solar radi-
ation, air temperature and rainfall as crop growth
factors are related with sowing dates (Aguir-
rezabal et al 2003; Izquierdo et al 2009).

Temperature is considered the main factor that
affects plant growth, development and productivity
(Aiken, 2005; Kaleem et al 2009). High tempera-
ture stress can also be avoided by crop manage-
ment practices such as selecting proper sowing
methods, choice of sowing date, cultivars, irrigation
methods, etc (Hasanuzzaman et al 2013). Tem-
perature variations in the field can be created by
planting crops at different dates in the season, thus
crop will grow at different temperature, sunshine,
and relative humidity (Qadir et al 2007).

Unfavorable temperatures and low water sup-
ply, as abiotic stresses, promote overproduction of
reactive oxygen species (ROS) in plant cell which
are highly reactive and toxic and eventually results
in oxidative stress (Gill and Tuteja, 2010). Elevat-
ed levels of ROS lead to the inactivation of pro-
teins and inhibit the activity of multiple enzymes
involved in metabolic pathways, and result in the
oxidation of other macromolecules including lipids
and DNA (Hossain et al 2014). Therefore, plant
cells are equipped with splendid antioxidant de-
fense mechanisms to detoxify the harmful effects
of ROS.

For this, determining the optimum irrigation
scheduling coupling with sowing date of sunflower
under the newly reclaimed lands was the aim of
this study.

MATERIALS AND METHODS
During 2014 and 2015 seasons, a field experi-

ment was performed at the experimental farm of
National Research Centre, El-Nubaria region, El-
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Behaira Governorate, Egypt (latitude 30° 30' 1.4"

N, longitude 30° 19' 10.9" E, and mean altitude 21

m above sea level). The experimental soil was

sandy with pH 8.3 and EC 0.38 dS m™. The study

area belongs to arid regions with no rainfall and
hot dry in summer (April-September). The preced-
ing cultivated crop was wheat in both seasons.

The study aimed to investigate the effect of
irrigation water levels and sowing dates on produc-
tivity and water use efficiency (WUE) of sunflower
(Helianthus annuus) under the environmental con-
ditions of the study's area.

The study comprised nine treatments, which
were the combinations of:

1. Three sowing dates: April 21, May 21, and
June 21, represent early, mid, and delayed
dates, respectively.

2. Three irrigation water levels: 100, 85 and 70%
of crop evapotranspiration (ETc), denoting as
ET100%, ETssse and ETzow, and representing
well-watered, moderately water—stressed, and
severely water—stressed conditions, respective-
ly.

The experimental design was a strip—plot with
four replicates. The treatments of the two experi-
mental factors were allocated as follows: sowing
dates in the vertical plots, while irrigation levels in
the horizontal ones. The experimental unit area
was 12.25 m? involving five ridges each of 3.5 m
long and 0.7 m wide.

From weather factors, irrigation water require-
ment for sunflower was calculated by determining
daily reference evapotranspiration (ET,) as illus-
trated in Table 1 using FAO Penman—Monteith
equation (Allen et al 1998). From ET, crop evapo-
transpiration (ET¢) was computed using the follow-
ing equation according to Doorenbos et al (1977):

ETc = EToxKc
Where:
ET. = Crop evapotranspiration (mm day"l);
ET, = Reference evapotranspiration (mm day_l),
and
K¢ = Crop coefficient (0.6-1.2).

Amount of irrigation requirement was calculat-
ed according to Keller and Bliesner (1990) as fol-
lows:

IR=ETcXLRX.42/Ea  ouu.. )

Where:

IR = Irrigation requirement (m3 fed_l);

LR = Leaching requirement (%), (15%) and

E. = Water application efficiency, (90% for trickle
irrigation).
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Table 1. Means of monthly climatic parameters and reference evapotranspiration (ET,) during sunflower
growth and development at El Nubaria region (averages of 2014 and 2015 seasons).*

- Air temperature (°c) fuer'nait;‘i’; Wind speed | Solar radation ETo

Minimum Maximum (%) (m sec™) (MIm™day™) | (mmday")
April 15.22 27.82 47.58 0.74 23.41 452
May 17.00 29.93 47.11 0.78 23.37 4.68
June 10,65 31.92 48.92 0.89 24.89 4.97
July 21.39 33.11 55.47 0.86 24.95 5.21
August 23.30 35.01 53.56 0.72 2252 4.98
September | 21.61 33.68 52.78 0.57 19.34 4.75

"Data obtained from Central Laboratory of Meteorology, Ministry of Agriculture and Land Reclamation, Egypt

Table 2 shows the irrigation amounts applied
for sunflower based on irrigation level for each
planting date. Plants were irrigated using drippers
of 2 L h™ capacity. Irrigation water was obtained
from an irrigation channel passing through the ex-
perimental area, with pH 7.4, and EC 0.35 dS m™.
Sunflower seeds (cv. Sakha—53) were sown in hills
(3-5 seeds per hill), with 20—cm distance on the
ridge. At 15 days after sowing (DAS), plants were
thinned to secure one plant per hill. Plants were
irrigated by using drippers of 2 L h™ capacity. Irri-
gation water was obtained from an irrigation chan-
nel passing through the experimental area, with pH
7.4, and EC 0.35 dS m™.All other recommended
cultural practices were applied throughout the two
seasons.

Table 2. Calculated irrigation water amounts
(m3 fed_1) used based on irrigation level and
planting date of sunflower

Assessments
a. Physiological and growth traits

At 60 DAS, four guarded plants were chosen
randomly from each plot to estimate plant height
and leaf area index (LAI). Then, the 4™ |eaf from
the top of each plant was used for carrying out the
quantitative analysis of chlorophyll a and carote-
noides (Arnon, 1949) as well as free proline
(Bates et al 1973).

b. Yield and its attributes

At harvest dates in 2014 and 2015 seasons (in
July 23 and 27, August 6 and 12 and September 4
and for early, mid and delayed sowing date, re-
spectively), whole plants of one middle ridge from
each experimental plot were harvested to estimate
head diameter, head weight plan_l, seed index and
seed yield fed™. Seed oil percentage was meas-
ured by extraction using Soxhlet Apparatus with
hexane as an organic solvent, according to

Sowing Irrigation level Mean A.?:[Ac.jc. (1995), and then oil yield fed™ was cal-
date ETio0% | ETssw | ET7o% cuated.
. c. Water use efficiency (WUE)

April 2229.3 | 1894.9 | 1560.5 | 1894.9

May 2153.8 | 18308 | 1507.7 | 1830.8 To evaluate treatments with respect to maxi-
mum Yyield produced per unit of water applied in

June 2132.3 | 1812.5 | 1492.6 | 1812.5 the field, WUE was computed. Seed moisture con-
tent was about 15.0% and the WUE was ex-

Mean 21718 | 18460 | 1520.3 pressed as sunflower seed vyield (kg) per applied

water (m3), according to Pene and Edi (1996).
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Statistical analysis

Data were subjected to analysis of variance
(ANOVA) according to Gomez and Gomez (1984),
using Costat software program Version 6.303
(2004). The combined analysis of variance for the
data of the two seasons was performed after test-
ing the error homogeneity. The differences among
means were compared using LSD test at 0.05
probability level.

RESULTS AND DISCUSSION

Physiological and growth traits

Analysis of variance proved remarked effects of
sowing dates on physiological and growth traits of
sunflower (Table 3). Leaves contained more chlo-
rophyll a and carotenoides for plants sown in May
and June, respectively. In other words, leaf chloro-
phyll a content was higher by sowing in May than
in either April or June sowings, while leaf carote-
noides of plant sown in May or June surpassed
those sown in April. Unlike chlorophyll a and carot-
enoides, the minimal value of proline was obtained
with sowing in May (mid sowing). Marked leaf pro-
line increase, however, was gained with early sow-
ing (in April), and another increase was occurred
with delayed sowing (in June). The increments in
proline due to early or delayed sunflower sowing
reached 5.5 and 12.1%, respectively compared to
sowing in May. Proline enrichment in the stressed
plants is a general response to various abiotic
stresses, hence it has been developed as effective
indices for stress tolerance identification (Abdel—
Nasser and Abdel-Aal, 2002). Moreover, proline
accumulation in stressed plants has been well es-
tablished to play a key role as osmoregulation de-
fense mechanism, leading to prevent the cell os-
motic pressure and survive in the extreme condi-
tions (Sankar et al 2007). High proline accumula-
tions in plant cells may reflect the reduction in lipid
peroxidation products, acting as free radical scav-
enger and its binding with redox—active metal ions
can prevent the biological tissues, damaging by
OH’ free radicals (Hsu et al 2003). Increases in
proline occur at moderate to severe stress levels
(Khanna—Chopra, 2004).

Concerning the growth traits, reductions in
plant height and LAI resulted due to sowing early
(in April) or delayed one (in June) were observed
(Table 3). Sowing in May increased plant height by
52.2 and 22.3 as well as LAl by 19.3 and 73.1%
than sowing in April and June, respectively. Sever-
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al investigators have shown that delaying sunflow-
er sowing date significantly decreased plant height
(El-karamity et al 1998 and Sultan et al 1988)
and LAI (Abd-El wahab et al 1992 and Ali et al
2004).

Our findings clarify that sowing sunflower in
non—May, whether earliness or delay means expo-
sure of plants to heat stresses, where reductions in
chlorophyll a and carotenoides as important photo-
synthesis pigments and increment in proline as an
indicator of heat stress as well as decreases in
growth traits were obtained due to early and de-
layed plantings compared mid sowing (Table 3).
Temperature considered the primary factor govern-
ing crop growth rate (Baydar and Erbas, 2005).

Decreases in chlorophyll a, carotenoides, plant
height and LAI as well as increase in proline due to
lowering irrigation water below well-watered condi-
tions were anticipated as illustrated in Table 3.

Irrigating sunflower plants using ETgsy and
ET70% treatments, representing moderately water—
stressed and severely water—stressed conditions,
respectively, markedly reduced chlorophyll a by
24.2 and 33.6%, carotenoides by 22.7 and 35.3%,
plant height by 8.6 and 18.8% and LAl by 36.0 and
51.7%, while increased proline content by 87.2 and
221.6% respectively, compared to ET1o00%, i.€. well-
watered condition. It is well documented that vari-
ous abiotic stresses, including drought, lead to the
overproduction of ROS in plants which are highly
reactive and toxic and ultimately results in oxida-
tive stress (Gill and Tuteja, 2010). Being ROS are
responsible for the damage to membrane and oth-
er essential macromolecules (such as photosyn-
thetic pigments, proteins, DNA and lipids), chloro-
phyll a and carotenoides reduction associated low
water supply (Table 3). Under water deficit stress,
chloroplast ultrastructures are the first targets to be
damaged in the cellular levels since it is the major
site  of ROS production (Munné-Bosch and
Pefiuelas, 2003). The decrease in chlorophyll con-
tent under drought stress has been considered a
typical symptom of oxidative stress and may be the
result of pigment photo—oxidation and chlorophyll
degradation. Photosynthetic pigments are im-
portant to plants mainly for harvesting light and
production of reducing powers (Anjum et al 2011).
Studies by majority of chlorophyll loss in plants in
response to water deficit occurs in the mesophyll
cells with a lesser amount being lost from the bun-
dle sheath cells (Anjum et al 2011). Many investi-
gators studies the effect of drought stress on
growth attributes of sunflower plants. Increasing
drought stress caused significantly decreased

Arab Univ. J. Agric. Sci., Special Issue, 26(2B), 2018



Sowing date and irrigation effects on productivity and water use efficiency 1487
in sunflower
Table 3. Irrigation and planting date influences on sunflower physiological and growth traits
Physiological trait Growth trait
Treatment Chlorophyll a | Carotenoides | Proline | Plant height
-1 ) ) LAI
(mgg™) (mgg™) (M9 g™) (cm)
Sowing date (S)
April 1.69 0.526 338.2 122.0 2.54
May 1.73 0.589 320.7 185.7 3.03
June 1.68 0.598 359.6 144.3 1.75
LSDo.os 0.03 0.017 15.8 3.6 0.18
Irrigation level (1)
ET100% 211 0.708 167.3 165.8 3.44
ETes0 1.60 0.547 313.2 1515 2.20
ET70% 1.40 0.458 538.0 134.7 1.66
LSDo.o0s 0.01 0.010 14.7 3.6 0.12
Sxl
April ET100% 2.08 0.647 156.1 139.9 3.69
ETss% 1.60 0.497 326.5 121.0 2.34
ET70% 141 0.435 531.9 105.2 1.60
May ET100% 2.17 0.745 151.4 200.6 4.25
ETss% 1.64 0.552 295.1 189.5 2.77
ET70% 1.38 0.470 515.7 167.1 2.06
June ET100% 2.07 0.732 194.3 156.9 2.38
ETes% 1.58 0.592 318.1 144.1 1.48
ET70% 1.40 0.470 566.5 131.9 1.30
LSDo.05 0.02 0.018 25.4 6.3 0.21

many growth attributes of sunflower such as plant
height (Goksoy et al 2004 and Abdou et al 2011),
chlorophylls (Nazarli et al 2010 and Ebrahimian &
Bybordi, 2012), and LAI (Yawson et al 2011 and
Furtado et al 2016).

The interactions between irrigation levels and
sowing dates in affecting physiological and growth
traits of sunflower were significant (Table 3). As
expected according to data recorded of irrigation
levels and sowing dates, it seems that sunflower
plants are grown under optimal conditions when
sown in May and irrigated with ET100%. These cir-
cumstances induced the highest values of chloro-
phyll a, carotenoides, plant height and LAI, but the
lowest value of proline. Under stress conditions,
however, lower values are detected for chlorophyll
a (sowing in May or June), carotenoides and plant
height (sowing in April), and LAl (sowing in June).

This is true with applying 70 of crop evapotran-
spiration (ETvo%) for all aforementioned traits in
addition also to ETgsy for LAI. So, sunflower plants
were more adversely affected by water stress es-

pecially with delaying date of sowing. Furthermore,
proline content was the lowest when sunflower
plants are grown in April or May under well—
watered condition, i.e. ET100%.

Yield and its attributes and WUE

Distinctive discrepancies in sunflower yield and
its attributes and WUE due to sowing dates and
irrigation levels and their interaction are recorded
except for WUE as affected by irrigation level (Ta-
ble 4).

Among the evaluated sowing dates, sowing in
May as promising practice proved the potency for
giving increases in head diameter and weight,
seed index, seed yield and oil yield, while sowing
in April and June dates were not significantly dif-
fered in affecting the seed yield and WUE (Table
4). The reductions in head diameter, head weight,
seed index, seed yield, oil yield and WUE amount-
edto 11.8 & 20.5, 6.9 & 15.1, 10.3 & 17.3, 105 &
12.8, 13.7 & 18.3, and 11.8 & 9.8 % with April &
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June sowings, respectively, as compared to May
sowing. Sunflower productivity largely depends on
the prevailing temperatures throughout the life cy-
cle of the crop. In this respect and based on data
in Table 1, sunflower plants were more accelerated
for collecting heat in planting date of June than
May. Such event led to shortening duration of dif-
ferent growth stages for plants of sunflower sown
in June, hence reached maturity earlier. But this
effect did not allow plants to utilize the gathered
heat units better. Also in April planting date, plants
take longer time in vegetative stage due to relative-
ly low temperature prevailing and can not relatively
utilize the heat units towards reproductive stages
and consequently final product. Thus, planting be-
fore or after May resulted in decrease yield due to
colder temperature early in the season and warmer
weather later in the season. In May planting, it
looks like that there was a relatively agreeable
equilibrium between cumulative heat units and
development stage from emergence till maturity.
Herein, we can say it is not only important that
plants gain large thermal units, but should be in
harmony with different crop growth stages. Also,
incompatibility of the use thermal units collected by
the plant with the growth stage represents an en-
cumbrance or stress on the plant. Kaleem et al
(2009) concluded that lower yield associated with
delayed planting of sunflower was due to warmer
temperature during the early growth period, which
accelerated stem growth and early switching over
from vegetative to reproductive stage. In delayed
sowing date, high temperature inhibited pollen
germination and pollen tube growth, which resulted
in lower seed yield (Kakani et al 2002). Barros et
al (2004) indicated that with delayed sowing date,
development is quicken because the crops en-
counter higher temperatures during the vegetative
growth, shortening of the growing cycle, decline
the amount of radiation intercepted during the
growing season and thus a reduction of quantita-
tive traits of sunflower. Several investigators have
shown that delaying sunflower sowing date signifi-
cantly decreased head diameter (Mirshekari et al
2012 and Fetri et al 2013), head weight (Abdou et
al 2011), seed index (Ali et al 2004 and Asbagh
et al 2009) and seed yield (Caliskan et al 2002
and Flagella et al 2002). Delaying sowing date will
reduce the vegetative and reproductive growth
periods which in turn reduce dry matter accumula-
tion in plant organs (Abelardo and Hall, 2002;
Abdou et al 2011).

Shahin; El-Bially; Saudy and El-Metwally

On the other hand, ET10% demonstrated supe-
riority over than other applied irrigation levels
(ETssw & ET70%) in improving sunflower head di-
ameter, head weight, seed index, seed yield and
oil yield, but WUE did not affect (Table 4). Com-
paring to such well-watered treatment, diminishing
irrigation water by 15% (ETssw%) to 30% (ET70%)
caused reductions of 17.6-36.9, 22.0-38.0, 16.3—
33.1, 18.6-32.0 and 27.5-43.6% in the forenamed
affected traits, respectively. Sunflower plants are
drought—resistant, but yield and oil content are
reduced if they are exposed to drought stress dur-
ing the main growing and flowering periods, i.e.
irrigation is a key factor for obtaining high yields
(FAO, 2010). Although sunflower is known to be a
drought tolerant crop or grown under dry land con-
ditions, substantial vyield increases can be
achieved by supplementary irrigation, which is one
of the most effective strategies to mitigate the ef-
fects of dry spells in crop production (Fox and
Rockstrom, 2000; Xiao et al 2007). The reason
for increase in yield under optimum irrigation was
the extension of leaf area and its higher duration
that allowed plants to take advantage of received
light and therefore produce higher yield. Moreover,
High 1000-seed weight, resulting from more irriga-
tion, was probably due to the availability of ade-
quate soil moisture and translocation of assimilates
from source to sink during seed formation and
seed ripening stages (Mirshekari et al 2012). In-
creasing drought stress caused significant de-
crease in sunflower head diameter (Akhtar and
Malik, 2005 and Khalig and Cheema, 2005),
head weight (Kazemeini et al 2009), seed index
(Asbagh et al 2009 and Khalig and Cheema,
2005) and seed yield (Bukhsh et al 2009 and
Bakht et al 2010).

Sowing dates and irrigation levels were mark-
edly interacted in affecting all studied traits of sun-
flower yield and its attributes and WUE as shown
in Table 4. In this regard, sunflower sown in May
and irrigated with ETi00% level resulted in having
the maximum values surpassing other treatments
involved in this study. Furthermore, it is obviously
noted that each defect in irrigation water exhibited
decreasing seed yield; this is true under every
sowing date. Meanwhile, seed yields produced for
sowing dates under each irrigation level were as
follows: May > April > June dates under ETio0%;
May > April or June under ETgsw,; but the lowest
seed yields were recorded with ETzoy irrespective
of the variations in sowing date. Compared to the
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Table 4. Irrigation and planting date influences on sunflower yield and its attributes and water use

efficiency (WUE)
Yield attributes Yields (kg fed_1)
- . WUE
Treatment Head diame- Head Seed in- . -3
. Seed Qil (kg m™)
ter (cm) weight (g) dex (9)
Sowing date (S)
April 14.2 49.8 4.09 853.9 279.3 0.45
May 16.1 53.5 4.56 953.6 323.8 0.51
June 12.8 454 3.77 831.4 264.2 0.46
LSDo.0s 0.2 0.6 0.16 38.8 12.4 0.02
Irrigation level (1)
ET100% 17.6 61.9 4.96 1058.2 | 378.8 0.49
ETes0 145 48.3 4.15 861.0 274.8 0.47
ET70% 11.1 38.4 3.32 719.7 213.7 0.47
LSDo.05 0.3 0.9 0.14 37.5 11.9 Ns
Sxl
April ET100% 17.2 63.4 4.77 1020.7 | 358.2 0.46
ETgs0 14.1 46.6 4.09 822.9 265.1 0.44
ET70% 11.4 394 3.40 718.0 214.4 0.46
May ET100% 19.6 68.6 5.56 1218.1 | 449.5 0.57
ETss% 16.6 52.9 4.53 944.3 3114 0.52
ET70% 12.1 38.9 3.61 698.4 210.7 0.46
June ET100% 15.9 53.8 4.55 935.7 328.7 0.44
ETes% 12.7 455 3.83 815.7 247.8 0.45
ET70% 9.9 37.0 2.94 742.7 216.0 0.50
LSDo.05 0.4 1.5 0.25 64.9 20.6 0.03

superior practice (sowing in May x ETio0%), reduc-
tions in seed yield due to water deficit, i.e. ETgso, OF
ET7o, reached 32.4 & 41.1%, 22.5 & 42.6%, and
33.0 & 39.0% for sowing in April, May, or June
dates, respectively. Moreover, when speculation
the alternations in WUE values, it is shown that
sowing dates differed significantly in influencing
WUE according to the applied irrigation level. By
sowing in April, WUE did not affected; by sowing in
May and as irrigation water decreased, WUE
changed in a descending order; when sowing is
practiced in June, however, WUE value increased
under severe water deficit (i.e. ETzo%) comparing to
well-watered or moderately water—stressed condi-
tions.
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