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ABSTRACT

Three irrigation water regimes for wheat cv Bro bread, viz. 100%, 80% and 60% ETc were used over three successive
seasons (2009/10, 2010/11 and 2011/12) at the Agricultural and Veterinary Research Station of King Faisal University using a
randomized complete block design with three replicates. Data were collected on different parameters pertaining to crop
agronomic and yield attributes viz. plant population and height, number of tillers, leaf area index (LAI), number of spikelets and
grains/spike, 1000-grains weight, harvest index (HI) and total grain yield; as well as water use efficiency (WUE). Obtained
results revealed that, watering regime of 60% ETc was statistically (P < 0.05) inferior in terms of almost all the prescribed
parameters. 100% and 80% ETc watering regimes were statistically similar in comparison to their corresponding treatments in all
seasons. In addition, the obtained results showed that averaged of watering regime viz. 100, 80 and 60% ETc were 2.90, 2.73
and 2.03 t/ha, respectively. WUE was recorded the highest values (0.42) at 80% ETc watering regime, whereas the lowest (0.36)

at 100% ETc.
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INTRODUCTION

Understanding the effects of water stress on yield
formation is essential for planning irrigation and other
mitigation strategies in arid and semiarid areas
(Wakchaure et al., 2016). FAO (1995) mentioned that
yield could be a product of three factors viz. usable
water (available at the top 900 mm of soil), WUE and
harvest index (HI). Saeed et al. (1990) stated that
information on water requirement of crops is necessary
for designing irrigation systems and proper management
of water supply. However, it's difficult to match supplies
exactly to reasonable demands of crop. Farah (1995)
reported that saving of water without harming wheat
yield and quality can be achieved, and that varietal
response differences of wheat to irrigation regimes exist
to fill the yield gaps. However, Farah et al. (1995) stated
that reduction in grain yield of wheat was an inevitable
outcome of the negative effect of excessive water
deficiency on the major yield components. Water stress
at any stage is detrimental but there are specific critical
stages during which the negative effect is more
pronounced. Jamal et al. (1996) stated that grain yield of
wheat was significantly reduced by water stress at all
stages of growth. Whilst, Elnadi (1969) concluded that
flowering, grain filling and maturation stages are more
sensitive to drought than the vegetative stage. Yield
attributes were found to be influenced by moisture
regime (Reddy and Bhardwaj 1983). Irrigation
scheduling has a direct effect on wheat grain yield.
Ahmed et al. (1989) stated that crop yield in Gezira, was
reduced significantly when the crop was stressed at the
booting stage. Satisfactory yields, not far below the
optimum figures, could be obtained using about two-
thirds or three-quarters of ETc. Conversely, water
application for excess of evapotranspiration may result
in poor yields. Clemmens (1987) found that in general,
yield response to over — or under irrigation was not
linear. Large deficits or over applications were found to
have proportionally large impacts on yields. Water use
efficiency (WUE) is the function of grain produced/unit
of water utilized by the plant (Elnadi 1969; Singh 1979
and Rahman et al. 1981). WUE was found to decrease

with increased amounts of irrigation water (Babu and
Singh 1984). WUE can be increased either by increasing
yield with a given amount of irrigation water, or by
securing a given yield with less irrigation water (Prihar
et al. 1978). Onyibe (2005) reported that the increase of
irrigation regime from 60 to 90% Available Soil
Moisture did not significantly affect most of the growth,
yield and yield parameters evaluated in the study. Each
increase in irrigation regime however increased days to
maturity, water use and thermal time but decreased
water use efficiency. The exposure of plants to drought
stress leads to a noticeable decrease in transpiration rate,
stomatal conductance, leaf relative water contents,
nitrogen use efficiency and yield of wheat. Moreover,
increasing drought stress water uptake capacity was
increased and significant decrease was bringing about by
nitrogen application (Akram et al., 2014). Shrief and
Abd EI-Mohsen (2015) found that highly significant
differences in irrigation treatments of wheat plants
effects on grain, biological and protein yields ha™,
protein content (%), harvest index and water use
efficiency. Grain, protein and biological yields were
significantly increased due to the volume of irrigation
water increased. Moreover, grain yield and its
components significantly declined due to water deficit.
Wakchaure et al. (2016) stated that maximum grain
yield 6513.33 (kg ha®) could be produced with
maximum water use efficiency of 0.73 kg m?™. This
amount of production was achieved with maximum
water use efficiency with irrigation intervals set every 10
days.

The objective of this study was to identify the most
suitable irrigation regime to attain maximum possible
growth, yield and its attributes of wheat under Alhasa
conditions.

MATERIALS AND METHODS

Local wheat seeds, obtained from market, were
cultivated for three successive seasons (2009/10,
2010/11 and 2011/12) at the Agricultural and Veterinary
Research Station of King Faisal University. A
randomized complete block design with three replicates
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was used. Three irrigation regimes based on crop
evapotranspiration (ETc%) assigned as 100%, 80% and
60% ETc were used. The experimental units (plots)
were 4.5 x 6.0 m each.

A set of 90°V-notch weirs was used to measure
the required watering regimes (ETc%) assigned for each
plot. Excluding the first conventional irrigation, seven
irrigations were needed each season. The volume (V) of
water assigned for each plot, and the time (t) needed to
apply that volume through the weir was calculated as
follows:

Q= 0.0138HY... .o, (1)
V= KCETO.l.A .ooiveeienn, (2)
1000. e (Kc. ETo =ETc)
t= V.1000  .ciiiiiiiinn (3)
Q. 60
Where:

Q = discharge of weir ({/Sec)

H = head of water over the notch (cm)

V=total volume of water applied/irrigation to a
prescribed experimental unit (m®)

Kc = crop coefficient.

ETo = daily reference crop evapotranspiration (mm/day)

ETc = daily total crop evapotranspiration (mm/day).

| = irrigation interval (14 days)

A = area of experimental unit (m?)

e = irrigation efficiency (%)

t = time needed to apply the pre-mentioned total volume

of water to a prescribed experimental unit (min).

All calculations pertaining to water measurement
and application were carried out according to the
methods described by Doorenbos and Pruitt (1977).

Plant population/m? and height, number of tillers,
leaf area index (LAI), number of spikelets and
grains/spike, 1000-grains weight, harvest index (HI),
total grain yield and water use efficiency (WUE) were
the major variables assessed and processed in this study.

The collected data were statistically analyzed
according to the technique of Analysis of Variance
(AOV) as methods described by Gomez and Gomez
(1984).

RESULTS AND DISCUSSION
Results:

Maximum values of plant population/m® at
harvest, number of tillers/plant, and plant height at
harvest were obtained with 100% ETc watering regime
at 5% level of probability in all seasons (Table 1). Mean
and maximum values pertaining to the pre-mentioned
parameters were; 321.8 and 339.8 plant/m? at harvest;
1.34 and 1.72 tiller/plant; as well as 68.5 cm and 72.4
cm averaged over all seasons, respectively. However, in
2010/11 and 2011/12 seasons, plant heights at harvest
obtained from both 100% and 80% ETc watering
regimes were statistically (P < 0.05) similar. With
respect to LAI, maximum values were obtained from
both 100% and 80% ETc watering regimes which were
statistically (P < 0.05) similar, and that mean and
maximum values were 1.61 and 1.76 averaged over the
two seasons, respectively. On the other hand, when
number of tillers was assessed on per area basis
(heads/m?), the 100% and 80% ETc watering regimes
were statistically (P < 0.05) similar and superior in
2009/10 and 2010/11 seasons, with a mean maximum
value of 553.30 tillers/m*.

In this study, watering regimes were found to
have significant (P < 0.05) effect on yield and its
components (Table 2) such that, the 100% and 80% ETc
watering regimes were superior to the 60 % ETc regime
in terms of number of spikelets/spike, number of
grains/spike, 1000-grains weight (g), HI, and total grain
yield (t’/ha) in all seasons. However, 100 % and 80%
watering regimes were found statistically (P < 0.05)
similar with respect to number of spikelets/spike, 1000-
grains weight (g), HI, and total grain yield (t/ha) in all
seasons, with mean and maximum values of; 13.02 and
13.69; 33.37 g and 34.97¢g; 38.80 and 40.64; as well as
2.55 t/ha and 2.81 t/ha, averaged over all seasons,
respectively. On the other hand, mean and maximum
values of number of grains/spike were 26.42 and 28.67
averaged over all seasons, respectively. Regarding
WUE, data in Table 2 revealed that there is no
significant differences between the examined watering
regime. The 80% ETc watering regime recorded the best
values in WUE whereas 60% ETc came in the second
rank.

Table (1): Effect of watering regimes on growth components of wheat.

Leafarea No. of

Watering regime (ETc %)  Plant population at harvest/m? Plant height at harvest (cm)  index tillers/ ti“leoré(;:nz
(LA plant
2009/10 Season
100% 347.90° 75.18° 1.87° 1.66°  545.10°
80% 331.10° 72.04° 1778 1.49%"  541.10°
60% 295.60° 64.27° 1.39° 1.34°  462.60°
2010/11 Season
100% 330.00° 70.99° 1.67° 1.70*  554.80°
80% 320.00° 68.84° 1.57¢ 143"  572.20°
60% 285.70° 62.82° 1.21° 1.10°  447.20°
2011/12 Season
100% 341.40° 71.02° 1.85° 1.80° 352.60°
80% 331.10% 70.64° 1.84° 0.85°  359.40°
60% 313.90° 60.93° 1.49° 0.65°  333.50°

*Values having the same litter(s) in the same column is (are) statistically similar at 5% level of probability.
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Table (2): Effect of watering regime on yield components and water use efficiency (WUE, kg/m®) of wheat.

Watering regime No. of No. of grains/ 1000-grains Harvest index  Grain yield WUE

(ETc%) spikelets /spike spike weight (g) (HD (t/ha) (kg/m®)
2009/10 Season

100% 13.55° 28.75% 37.01° 43.10° 2.97% 0.37°

80% 13.24° 27.30° 36.69° 43.77% 2.75% 0.43°

60% 11.04° 24.57° 33.13° 39.10° 1.86° 0.38°
2010/11 Season

100% 13.88° 29.23° 36.51° 42.70% 3.04% 0.37°

80% 13.02° 26.35° 37.21° 43.70° 2.90% 0.45°

60% 11.04° 23.14° 32.97° 38.06° 2.15° 0.44°
2011/12 Season

100% 14.19° 28.037 31.19° 35.08% 2.70° 0.33°

80% 14,23 28.33% 31.18° 35.46% 2.54% 0.39°

60% 13.06" 22.15° 24.42° 27.88° 2.08° 0.42°

*Values having the same litter(s) in the same column is (are) statistically similar at 5% level of probability.

From our findings, it can be concluded that the
watering regime of 60% ETc was found inferior with
respect to all parameters assessed and processed at 5%
level of probability, in all seasons. Whereas, 80% ETc
gave the similar results when compared with 100%
without significantly differences in the most parameters
under the study.

Discussion:

In this study, the association of higher values of
plant population at harvest, HI , LAI, and number of
tillers with 100% and 80% ETc watering regimes was
expected since maximum tillering and vegetative cover
were maintained at these levels. These findings were in
line with Mahdi et al. (1998) and Onyibe (2005).
Moustafa et al. (1996) also reported similar conclusions
with 75% ETc watering regimes, while Farah (1995)
generalized that maximum growth potentialities of
wheat could be exhibited when its watering amounts
approaches full evapotranspiration particularly from
booting to anthesis and through grain filling. Moreover,
the space and light availability incurred with flat sowing
have induced profused vegetative growth, and in turn
higher LAI values. Similar results were stated by
Moustafa et al. (1996) and Singh et al. (1998).

It is evident that, both 100 % and 80% ETc
watering regimes were needed to produce higher number
of spikelets/spike, Number of grains/spike, 1000-grains
weight, HI, and total grain yield. These results were
justifiable as all these parameters were very sensitive to
water deficiency owing to its significant effect on final
yield. Similar findings were stated by Ishag (1995) who
reported significant reduction in these parameters when
conditions of moisture deficiency prevailed during
heading until grain filling. Moursi et al. (1979) and
Shrief and Abd EI-Mohsen (2015) also generalized that,
up to 70% ETc or more of moisture is a pre-requisite to
attain maximum values of these parameters. The positive
and linear relationship between grain yield of wheat and
crop evapotranspiration (ETc), which was highlighted
by Musik et al. (1994) under dryland farming was in
agreement with these findings. Moreover, Hochman
(1982) reported grain losses of up to 36 % and 28 % at
harvest when 70% ETc moisture was maintained from
anthesis to grain filling, and from tillering to anthesis,
respectively.

The combined effect of economic grain yield
maximization in wheat with WUE at intermediate
watering regimes was reported by Ahmed (1992); Farah
et al. (1994); Farah et al. (1995); Moustafa et al.
(1996); Akram et al. (2014) and Wakchaure et al.
(2016) who obtained maximum grain yields of wheat
based on WUE maximization most likely due to enough
moisture being available at the reproductive stages in
particular.
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