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FIELD experiments were conducted in the two successive seasons 2013/2014

and 2014/2015 at the experimental farm of Faculty of Agriculture, Kafrelsheikh
University-Egypt, to investigate the effect of number irrigation on growth, yield and yield
components of some wheat cultivars (7riticum aestivum, L.). A strip-plot design with
three replications was used. Four irrigation treatments were; Irl= given one irrigation
after sowing at tillering stage, Ir2= Ir1+ one irrigation at elongation stage, Ir3= Ir2 + one
irrigation at booting stage, and Ir4= Ir3 + one irrigation after flowering stage. Ir1, Ir2, Ir3
and Ir4 were assigned in the horizontal plots, while, the three wheat cultivars; Sids 12,
Misr 1 and Sakha 93 were randomly distributed in vertical plots. Results indicated that
the effect of irrigations significantly affected number of days to heading and maturity,
plant height, number of spikes/m? 1000-grain weight, number of grains/spike, grain
yield, straw yield and harvest index(%). There were highly significant differences among
irrigation treatments for all studies traits. Four irrigation produced the highest values of
number of days to heading and maturity, plant height, number of spikes/m?, 1000-grain
weight, number of grains/spike, grain yield, straw yield and harvest index (%). There were
highly significant differences among wheat cultivars for all character under study. Misr
1 recorded the highest values for number of days to heading and maturity, plant height,
number of grains/spike, grain and straw yield. Sids 12 recorded the highest values for
1000-grain weight and harvest index. Sids 12 recorded the highest values for number of
fertile tillers/m?, and 1000-grain weight with normal or control irrigation treatment (Ir 4).
Misr 1 produced the highest grain yield, straw yield, number of grains/spike comparing
with the other cultivars Sakha 93 and Sids 12. Decreasing number of irrigations from four
to three decreased grain yield of the cultivars Sids 12, Misr 1 and Sakha 93 by 6%, 10%
and 11%, respectively. Sid 12 cultivar may be used successfully for improving production
of wheat in North Delta area under shortage of irrigation water.

Keywords: Wheat genotype, Growth stages, Water treatment, Grain yield and yield
component.

Introduction

Wheat (Triticum aestivum L.) is one of the leading
cereal crops regarding area and production in the
world. (Karrou et al., 2012) indicated that wheat is
important most strategic crop in Egypt. However,
at the national level there is a wide gap between
wheat production and consumption varying
from 40 to 50%. Farmers are trying to increase
production via excess irrigation water. Under the
water shortage, facing Egypt due to the high annual
rate of increasing national population along with the
fixed allocation from Nile River, the main source of

water for Egypt. This situation results in decreasing
the annual capita shape from water for different
purposes to less than the water poverty edge of
1000 m*. Moreover, this situation is expected to the
less than the security level of less than 500 m® in the
few coming deciles. At this situation, it is difficult
to make any progress at any sector of development.
They use basin conventional technique that requires
huge amounts of water. In Egypt agriculture relies
greatly on irrigation water from Nile river, where
the agricultural sector consumes more than 84%, of
the available water resources (El-Beltagy & Abo-
Hadeed, 2008).
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The increasing demands of wheat is mainly
due to the fast growth of human population,
therefore maximizing wheat production should be
achieved through cultivation of the high yielding
wheat cultivars and appropriate agronomic
practices such as irrigation, sowing pattern and
its date, fertilizer and weed control. Gab Alla
(2007), Shehab EIl-Din (2008), EL-Shamy
(2009), Moayedi et al. (2010). Sharshar
(2010), Al Tahar et al. (2011), El hag (2011)
Zafarnaderi & Mohammadi (2013) and Omar
et al. (2014) showed that days to heading, days
to maturity, plant height, number of spikes/m?,
grain yield, straw yield, harvest index, number
of grains/spike, and 1000-grain weight were
affected by different irrigation number. They
Also, summarized that the values behind the
mentioned traits were increased with increasing
irrigation number and decreased under less
number of irrigation.

Wheat breeders are continuously trying
to improve the wheat yield under irrigation
number conditions. Moayedi et al.(2010),
Sharshar (2010), Akbari et al. (2011), El hag
(2011, 2012), Ngwako & Mashiqa (2013),
Qamar et al. (2013), Sing & Singh (2013),
Omar et al. (2014) El- hag (2016) and Kandil
et al. (2016) reported that day to heading and
maturity, plant height, number of spike m?,
number of grain spike’, 1000-grain weight,
grain and straw yield and harvest index were
significantly affected by wheat cultivars.

Therefore, the main objective of this
investigation was to find out the most sensitive
growth stages to irrigation from some bread
wheat cultivars owing to achieve maximum
yield in North Nile Delta.

Materials and Methods

A field experiment was conducted at
the Faculty of Agriculture— Kafrelsheikh
University, Egypt. The site is located at 30.94
North Latitude, 30.11 East Longitude with an
elevation of about 6 m above sea level., during
2013/2014 and 2014/2015 seasons, to study
the performance of three bread wheat cultivars
under different number of irrigations. The
preceding crop was rice (Oryza sativa, L) in
both seasons.

Composite soil sample was randomly
collected from the site at the depths of 0 to
30 cm with the help of 5 cm diameter auger
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before soil preparation in both seasons. These
samples were analyzed for physical and chemical
characteristics by standard methods of analysis.
Results of physical and chemical analysis in both
seasons are shown in Table 1.

seasons.

A strip plot design with three replications was
used. The vertical plots were assigned to irrigation
numbers and the horizontal plots to the three
wheat cultivars (Sids 12, Misr 1 and Sakha 93).
The name and pedigree of these genotypes are
presented in Table 2.

Seeds of the three wheat cultivars at the rate
of 350 seeds/m? were drilled in rows 20 ¢cm apart
on flat land. Sowing was done on last week of
November 26 and 30 in 2013 and 2014 seasons,
respectively. The experimental field was fertilized
with 15.5 kg P,O/fad in the form of calcium
superphosphate (15.5 % P,0O,) during seedbed
preparation (one faddan= 4200m?). Nitrogen
fertilizer at the rate of 70 kg N/fad in the form
of urea (46.5% N) was applied in one dose at the
first irrigation (Irl). Then, all plots were irrigated
immediately.

Four irrigation treatments were applied
after the sowing watering; (Irl) = one irrigation
at tillering stage, (Ir2) = Irl+ one irrigation at
elongation stage, (Ir3) = Ir2 + one irrigation at
booting stage, and (Ir4) = Ir3 + one irrigation after
flowering stage (Table 3).

Other cultural practices were done as the
local farmers implemented in the area base the
technical package of Agric, Res. Center (ARC).
The sub-plot area which allocated to irrigation
treatments was 4.2 m? harvest area was(2.8 m?).
Each irrigation treatment was around by planting
wheat (5 m width) and canal (2.5 m) as a border
between treatments.

In both seasons, the following traits were
estimated:- number of days to heading and days
to maturity, plant height, number of spikes/m?,
number of grains/ spike, 1000 grain weight, grain
yield, straw yields and harvest index. Grain yield
and straw yield were converted to t/fed.

All data collected in the two growing seasons
were subjected to analysis of variance and means
were compared using Duncan Multiple Range
Test (Duncan, 1955). All statistical analysis was
performed using analysis of variance technique by

“MSTAT-C (1990)” computer software package.
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TABLE 1. Mechanical and chemical properties of the experimental soil at the experimental site
during 2013/014 and 2014/015 seasons.

Character 2013/14 2014/15
Chemical analysis

N (Avalable ppm) 17 19

P (Avalable ppm) 18.7 22.3
K(Available ppm) 285 341
Soil pH 8.01 7.80

Mechanical analysis

Sand % 19.2 18.3
Silt % 39.1 38.5
Clay % 41.7 43.2
Soil texture clay clay

TABLE 2. Name and pedigree of three wheat cultivars used in this investigation.

Genotype Pedigree

Sids 12 BUC//7C/ALD/5/MAYA74/ON//1160.147/3/BB/GLL/4/CHAT”S”/6/
MAYA/VUL//CMH74A.630/4*SX.
SD7096-4SD-1SD-1SD-0SD.

Misr 1 OASIS/SKAUZA//4*BCN/3/2*PASTOR
CMSS00Y01881T-050M-30Y-030M-030WGY-33M-0Y-0S

Sakha 93 Sakha 92/TR 810328
S 8871-1S-2S-1S-0S

TABLE 3. Irrigation scheduling at different critical stages of wheat growth.

Irrigation Wheat growths stage
treatment Tillering Elongation Booting Flowering
Irl + -t - -
Ir2 + + - -
Ir3 + + + -
Ir4 + + + +

++ = irrigated and {+- = non irrigated

Egypt. J. Agron. Vol. 39, No.2 (2017)
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Discusion

Number of days to heading and maturity

Data in Table 4 showed that number of
irrigations recorded the highest significant effects
for days to heading and maturity in both growing
seasons. Decreasing irrigation number caused early
heading and maturity in both seasons. The earliest
heading and maturity were recorded for Ir 1 81.6,
82.4, 131.0 and 133.1 days, respectively. The
effect of decreases number of irrigations for days
to heading due to decreased the vegetated growth
and ripening period. Could be the availability of
appropriate environmental conditions such as soil
moisture (Ir 4), good nutrient conditions which
resulting treatment Ir4 reflects in increasing the
period of vegetativegrowth and increases the
number of days from planting until deadline and
physiological mature. These results were agreed
with that obtained by Gab Alla (2007), Sharshar
(2010), El-hag (2011) and Omar et al. (2014).
The differences among wheat cultivars are highly
significant regarding number of days to heading
and maturity in both seasons. Sakha 93 was the
earliest one and recorded 84.9, 82.7 for heading
and 136.9 and 139.7 days for maturity in the first
and second seasons, respectively. The observed
significant variation among the cultivars might
reflects partially their different genetic backgrounds
and environmental condition. These results were in
the same direction with Gab Alla (2007), Omar et
al. (2014), El-hag (2016) and Kandil et al. (2016).

The interaction between wheat cultivars and
irrigation number has highly significant effects on
number of days to heading in both seasons and
highly significant for maturity in 2014/15 season
(Table 5). The earliest heading cultivars and
maturity dates were obtained with Sakha 93 under
Irl (77.7, 80.0 and 129 days). On the other hand,
the latest cultivar for days to heading was Misr
1 under Ir4 (109 and 152.7 days) for maturity in
2013/14 season.

Plant height

Variations in plant height due to irrigation
number were highly significant in both seasons
(Table 4). Treatment (Irl) produced the shortest
wheat plant (81 and 91.3 cm); meanwhile Ir4
produced the tallest plant height of 116 and 120.1
cm in the first and second seasons, respectively.
Increase the number of irrigations lead to increased
nutrition available and thus increase plant growth
especially plant height, increasing the size and
number of cells between the internodes, which
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resulting in increasing plant height. These results
are agree with those found by; Gab Alla (2007),
Shehab El-Din (2008), EL-Shamy (2009), Moayedi
et al. (2010). Sharshar (2010), El-hag (2011),
Qamar et al. (2013), Zafarnaderi & Mohammadi
(2013) and Omar et al. (2014). Wheat cultivars
affected highly significant in the two seasons. Misr
1 recorded the tallest plant height value of110.4 and
114 cm in the first and second seasons, respectively.
The differences between varieties are often due to
genetic makeup as well as the interaction between
genetic makeup and environmental conditions.
Omar et al. (2014), El-hag (2016) and Kandil et al.
(2016) were recorded the same findings.

Regarding to interaction between wheat
cultivars and irrigation treatments, data showed
that Misr 1 produce the tallest plant height (125.3
cm) under four irrigations (Ir4) in the first season
(Table 5).

Yield components
Number of spikes/m’

Data presented in Table 6 showed that the effect of
irrigation treatments on number of fertile tillers/m?
had highly significant in the two studied seasons.
Irrigation treatment (Ir 4) had recorded the highest
number of fertile tillers (420 and 416.7), meanwhile
(Ir 1) recorded the lowest number of spikes/m?
(216.7 and 211.1) in both seasons, respectively. It
is well known that the tillers is initiated in the first
stage of growth, but the number of fertile tillers
(spike) is controlled by the availability of nutrients
and moisture in the following stages and this was
clear from the results of the experiment meanswhich
indicated that the number of spikes per unit area
is gradually increased with increasing number of
irrigations. These results are in agreement with
those reported by Moayedi et al. (2010), Sharshar
(2010), Akbari et al. (2011), Al Tahar etal. (2011),
El-hag (2011), Mojtaba et al. (2013), Qamar et al.
(2013) , Zafarnaderi & Mohammadi (2013) and
Omar et al. (2014). Regarding cultivars effect on
number of spikes/m? were insignificant in the first
season and significant in the second season (Table
6). Misr 1 recorded 314.0 in the second season;
meanwhile Sakha 93 recorded 296.9in the second
season. Under normal irrigation many researchers
found highly significant different among cultivars
due to variation of genetic and increases with more
stress. These results are partially inthe line with
those reported by Gab Alla (2007), Omar et al.
(2014) , El-hag (2016) and Kandil et al.(2016).

The effect of interaction between irrigation
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Table 4. Effect of irrigation number, wheat cultivars and their interactions on number of days to head-
ing, number of days maturity and plant height in 2013-2014 and 2014-2015 seasons.

Number of days to Number of days to Plant height
Treatment . :
heading maturity (cm)
Year 2013-14 2014-15 2013-14 2014-15 2013-14 2014-15
Irrigation treatment (Ir)
Irl 81.6df 82.4d 131.0d 133.1d 81.1d 91.3d
Ir2 87.3¢c 83.9¢ 138.1c 142.6¢ 95.4c 106.0c
Ir3 96.1b 90.4b 144.0b 145.1b 111.0b 115.8b
Ir4 102.2a 100.3a 148.1a 149.1a 116.0a 120.1a
Wheat cultivars ( ¢)
Sids 12 91.6b 91.3b 141.9ab 144.3a 100.4b 111.5b
Misr 1 98.9a 93.8a 142.1a 143.5ab 110.4a 114a
Sakha 93 84.9¢ 82.7c 136.9c 139.7¢c 91.8¢c 99.4c

TMean values in the same column for each trait followed by the same lower-case letter are not significantly different according to
Duncan’s multiple range test at P <0.05.

Table 5. Interaction effect between wheat cultivars and irrigation treatments on number of days to
heading in 2013/14 and 2014/15, number of days to maturity in 2014/15 and plant height in

2013/14.
. Number of days to heading Number of‘days Plant height
Cultivars (Ir): to maturity

2013/14 2014/15 2014/15 2013/14

Irl 80.3eff 82.3 d-f 133.0ef 80.3i

Ir2 86.0d 83.3c-¢ 141.0s 90.7g

Sids 12 Ir3 95.0c 93.7b 146.0bc 113.7¢
Ird 105.0b 106.0a 147.7bb 117.0bc

Irl 86.7d 85.0cd 131.0fg 86.0h

_ Ir2 95.0c 85.3cd 138.7d 110.0d
Misr 1 Ir3 105.0b 96.0b 146.0bc 120.3b
Ir4 109.0a 109.0a 152.7a 125.3a

Irl 77.7f 80.0f 129.0g 77.0i

Sakha 93 Ir2 81.0e 83.0c-f 134.7¢ 85.7h

Ir3 88.3d 81.7ef 140.0d 99.0f

Ird 92.7¢ 86.0c 144.0c 105.7¢

FTMean values in the same column for each trait followed by the same lower-case letter are not significantly different according to
Duncan’s multiple range test at P < 0.05.
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Table 6. Effect of irrigation number, wheat cultivars and their interactions for plant height (cm), flag
leaf area (cm2) and number of fertile tillers in 2013-2014 and 2014-201S5 seasons.

Number of fertile spikes/

Treatment m? 1000 grain weight (g) Number of Grain/spike

Year 2013-14 2014-15 2013-14 2014-15 2013-14 2014-15
Irrigation treatment (Ir)

Irl 216.7d} 211.1d 37.4d 37.0d 36.2d 37.6d

Ir2 285.4c 274.0c 38.6¢ 38.0c 51.7¢c 54.6¢

Ir3 332.2b 317.8b 40.9b 40.8b 62.9b 63.7b

Ir4 420.0a 416.7a 43.4a 43.3a 67.9a 70.2a

Wheat cultivars ( ¢)

Sids 12 312.5 303.8ab 41.1a 40.7a 54.7b 54.8b

Misr | 325.8 314.0a 39.1b 38.8b 57.0a 59.2a

Sakha 93 302.4 296.9b 40.1ab 39.9ab 52.3c 55.5b

fTMean values in the same column for each trait followed by the same lower-case letter are not significantly different according to Duncan’s

multiple range test at P < 0.05

number and wheat cultivars were highly significant
in both seasons. Misr 1 recorded the highest number
of fertile tillers with irrigation four (Ir 4) in both
seasons as presented in Table 7.

1000 grain weight

Grain weight significantly affected by irrigation
treatments in both seasons (Table 6). Increased
irrigation number gradually increased gradually 1000
grain weight. Irrigation treatment (Ir4) recorded 43.4
and 43.3 g in both seasons, respectively. Increase the
availability of moisture and nutrients from the soil to
plant lead to increased vegetative growth and thereby
increase the metabolic rate and thus storage in grain,
thus resulted increasing grain weight. These results

are in agreement with those reported by Moayedi
et al. (2010), Sharshar (2010), Akbari et al. (2011),
Al Tahar et al. (2011), El-hag (2011), Mojtaba
et al. (2013), Qamar et al. (2013) , Zafarnaderi &
Mohammadi (2013) and Omar et al. (2014). There
are significant differences among cultivars for
1000 grain weight in both seasons. Grain weight of
the most important characteristics of varieties and
feedback to genotype gene. Sids 12 was superior in
1000 grain weight (41.1 and 40.7 g) in both seasons,
respectively. These results are in harmony with those
found by Gab Alla (2007), Omar et al. (2014), El-hag
(2016) and Kandil et al. (2016).

The interaction between wheat cultivars and

Table 7. effect of interaction between wheat cultivars and irrigation number on 1000-grain weight (g)
number of grain/spike in 2013/14 and 2014/15 seasons.

Number of spikes/ 1000-grain weight (g) grain/spike
Cultivars Ir) m’
2013/14 2014/15 2013/14 2014/15 2013/14
Irl 190.0h¥ 178.3j 38.0e 35.01 37.0h
Sids 12 Ir2 260.0fg 250.0h 39.0d 39.0e 51.3f
Ir3 330.0de 316.7¢ 41.8bc 44.0b 63.3¢
Ir4 450.0a 440.0b 44.7a 46.0a 67.0ab
Irl 236.7¢g 226.71 36.7g 34.0j 38.7i
Misr 1 Ir2 303.3e 286.0g 37.0f 37.0f 55.3e
Ir3 350.0cd 336.7d 39.0d 42.0d 65.0b
Ir4 473.3b 456.7a 41.3c 44.0b 69.0a
Irl 223.3gh 228.31 37.8ef 36.0h 33.0j
Ir2 293.0ef 286.0g 38.5de 38.0g 48.3¢g
Sakha 93
Ir3 316.7de 300.0f 40.6cd 43.0c 60.3d
Ir4 376.7bc 373.3c 42.0b 45.0ab 67.7ab

TMean values in the same column for each trait followed by the same lower-case letter are not significantly different according to Duncan’s

multiple range test at P < 0.05
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irrigation treatments had significant effects on
number of 1000 grain weight in both seasons
(Table 7). The highest values for 1000 grain
weight were produced by Sids 12 cultivars
under Ir4, meanwhile Misr 1 had recorded the
lowest values (36.7 and 34.0) under Irl.

Number of grains/spike

Regarding the effect of irrigation treatments
on number of grains/spike, data presented
in Table 6 showed that there were highly
significant effects in both seasons. Irrigation
treatment (Ir 4) recorded the highest number
of grain/spike (67.9, and 70.2) in the first and
second seasons, respectively. Spikelet number
determined in the vegetative stage of growth,
especially after the tillering stage and until
the date of heading the greater availability of
appropriate conditions for growth especially
moisture and nutrients is increasing the number
of grains/spike,. These results are partially in
line with those reported by Moayedi et al.
(2010). Sharshar (2010), Akbari etal. (2011), Al
Tahar et al. (2011), El-hag (2011) Mojtaba et
al. (2013), Qamar et al. (2013), Zafarnaderi &
Mohammadi (2013), Omar et al. (2014), . The
differences among wheat cultivars were highly
significant in both seasons. Misr 1 recorded the
highest number of grains/spike (57.0 and 59.2)
in the first and second seasons, respectively.
Number of grains/ spike is the most important
component of the yield after the number of
spikes per unit area and the different from one
to another cultivar is depending on the genetic
makeup. These results are in a harmony with
Gab Allah (2007), Omar et al. (2014), El-hag
(2016) and Kandil et al. (2016).

The interaction between wheat cultivars
and irrigation number had significant effects
on number of grains/spike in 2013/14 season.
The highest values for number of grains/spike
were produced by Misr | cultivar under Ir4,
and the lowest values were recorded by Sakha
93 under Ir1(Table 7).

Yield

Grain yield

Irrigation according to different growth
stages plays vital role on wheat productivity
as shown in Table 9. Increasing number of
irrigations by watering at different growth
stages of Ir4 obtained the highest grain yield

comparing with other irrigation treatments. In
this regard, the mean values of the two seasons
for grain yield could be arranged in descending
order as, 3.620 > 3.300 > 2.436 > 1.715 t/fad.
The states values are for Ir 4, Ir 3, Ir 2 and
Irl, respectively. Comparing with Ir4 (100 %)
the treatments irrigation at different stages,
the percentage yield for other treatments Ir 3,
Ir 2 and Irl are 91, 67 and 47%, respectively
(Fig 1). Meaning fully irrigation, skipping
irrigation at flowering, skipping irrigation
booting and flowering and skipping irrigations
at elongation, booting and flowering stages
(Table 3) decreased grain yield by 9, 33 and
53%, respectively. Therefor skipping irrigation
at each growth stages led to decreased yield
as; elongation with 20%, booting with 24%
and flowering with 9% as states before. Hence,
irrigation should be implemented at both stages
of elongation and booting stages.

This may be due to the reduction in grains/
spike, 1000 grain weight and mainly number
of fertile tillers/m?. and/or reduction in
photosynthesis and translocation of reserves
to grains (Fisher & Maurer, 1978 and Keim &
Kronstad, 1981). Similar results were obtained
by Abdelraouf et al. (2013), Attia & Barsoum
(2013), Ghanbari & Tavassoli (2013), Mojtaba
et al. (2013), Ngwako & Mashiqa (2013) and
Qamar et al. (2013). Data presented in Table
9 show the deferences among wheat cultivars
on grain yield.There were highly significant
in the first and second growing seasons. Misr
lwas recorded the highest grain yield 3.123
and 3.037 t/fad in the first and second seasons,
respectively. These results are partially in line
with those reported by Ghanbari & Tavassoli
(2013), Mojtaba et al. (2013), Ngwako &
Mashiqa (2013) and Qamar et al. (2013), Sing
& Singh (2013), Omar et al. (2014) , El-hag
(2016) and Kandil et al. (2016)

The interaction effect between irrigation
treatments and wheat cultivars on grain yield
was highly significant and significant in
2013/14 and 2014/15 seasons, respectively.
Misr | produced the highest grain yield (4.150
and 4.00 t/fad) under irrigation treatment Ir 4.
In general ,the three cultivars were produced
the highest grain yield with increases number
of irrigations (Table 10).

Egypt. J. Agron. Vol. 39, No.2 (2017)
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Table 8. effect of interaction between wheat cultivars and irrigation number on 1000-grain weight (g)
number of grain/spike in 2013/14 and 2014/15 seasons.

Number of

Cultivars r) spikes/m? 1000-grain weight (g) Grain/spike
2013/14 2014/15 2013/14 2014/15 2013/14
Irl 190.0ht 178.3j 38.0e 35.0i 37.0h
Sids 12 Ir2 260.0fg 250.0h 39.0d 39.0e 51.3f
Ir3 330.0de 316.7¢ 41.8bc 44.0b 63.3¢c
Ir4 450.0a 440.0b 44.7a 46.0a 67.0ab
Irl 236.7g 226.71 36.7g 34.0 38.71
Misr 1 Ir2 303.3e 286.0g 37.0f 37.0f 55.3e
Ir3 350.0cd 336.7d 39.0d 42.0d 65.0b
Ir4 473.3b 456.7a 41.3c 44.0b 69.0a
Irl 223.3gh 228.3i 37.8ef 36.0h 33.0j
Ir2 293.0ef 286.0g 38.5de 38.0g 48.3g
Sakha 93
Ir3 316.7de 300.0f 40.6¢cd 43.0c 60.3d
Ir4 376.7bc 373.3¢ 42.0b 45.0ab 67.7ab

FTMean values in the same column for each trait followed by the same lower-case letter are not significantly different according to Dun-
can’s multiple range test at P < 0.05.

Table 9. Effect of irrigation treatments, wheat cultivars and their interactions on grain yield, straw
yield and harvest index in 2013-2014 and 2014-2015 seasons.

Treatment Grain yield Straw yield HI%
Year 2013-14  2014-15 2013-14 2014-15 2013-14 2014-15
Irrigation treatment (Ir)

Irl 1.750d+ 1.680d 2.343 2.395 42.8a 413a
Ir2 2.440¢ 2.430¢ 3.478 3.511 41.2b 40.9ab
I3 3.320b 3.280b 5.178b 5.119b 39.1¢ 39.1b
Ir4

3.660a 3.580a 6.310a 6.104a 36.8d 37.0¢

Wheat cultivars ( ¢)

Sids 12 2.792b 2.733b 4.165b 4.176b 40.92 40.2a
Misr 1

3.123a 3.037a 4.820a 4.691a 40.1ab 39.8b
Sakha
93 2.475¢ 2.457¢ 3.996¢ 3.980c 38.9¢ 38.8¢

TMean values in the same column for each trait followed by the same lower-case letter are not significantly different according to Dun-
can’s multiple range test at P < 0.05
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Fig. 1. Relative grain yield for different skipping treatments comparing with Ir4 (control).

Table 10. Interaction effect between irrigation treatments and wheat cultivars on grain yield in (2013/14
and 2014/15) and straw yield in 2013/2014 growing seasons.

Cultivars Irrigation treat- Grain yield Straw yield
ment (Ir): 2013/14 2014/15 2013/14
Sids 12 Irl 1.750f% 1.683gh 2.257¢
Ir2 2.583d 2.567¢ 3.476¢-d
Ir3 3.333d 3.233¢ 5.037bc
Ir4 3.500b 3.450bc 5.888ab
Misr 1 Irl 1.833¢g 1.767h 2.403¢
Ir2 2.820cd 2.727de 4.060cd
Ir3 3.673b 3.657b 5.742ab
Ir4 4.150a 4.000a 7.075a
Sakha 93 Irl 1.667gh 1.600h 2.367¢
Ir2 1.930e 1.997f 2.897de
Ir3 2.953¢ 2.950d 4.753bc
Ird 3.350bc 3.283bc 5.967ab

TMean values in the same column for each trait followed by the same lower-case letter are not significantly different according
to Duncan’s multiple range test at P < 0.05
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Straw yield

Irrigation treatments significantly affected
straw yield in both seasons (Table 9). Generally,
increases irrigation number increased straw
yield as be attained with grain yield. Irrigation
treatment Irl recorded the lowest straw yield
2.343 and 2.395 t/fad, meanwhile irrigation
treatment Ir4 recorded (6.310 and 6.104 t/fad) in
2013/14, 2014/15 secasons, respectively. Increase
straw yield of treatment Ir 4 as a result of the
availability of soil moisture and thus the necessary
nutrients for plants during the growing season
to increase the yield components in addition to
increase dry matter accumulated. These results
are in agreement with those reported by Gab
Alla (2007), Shehab El-Din (2008), EL-Shamy
(2009), Sharshar (2010), El-hag (2011), Mojtaba
et al. (2013), Qamar et al., (2013), Zafarnaderi &
Mohammadi (2013) and Omar et al. (2014).

There are significant differences among
cultivars regarding straw yield in both seasons.
Misr 1 was produced the highest straw yield
(4.820 and 4.691 t/fad) inthe 2013/14 and 2014/15
seasons, respectively. This result was agreement
with those; Mojtaba et al. (2013), Ngwako &
Mashiqga (2013), Qamar et al. (2013). Singh &
Singh (2013), Omar et al. (2014) , El-hag (2016)
and Kandil et al. (2016).

The interaction effect between irrigation
treatments and wheat cultivars on straw yield was
significant in the first season (Table 10). Misr 1
produced the highest straw yield (7.075 t/fad)
under (Ir 4). In general the three cultivars were
produced the highest straw yield with increasing
number of irrigations.

Harvest index (HI)

Harvest index significantly affected by
irrigation treatments in the both seasons. Generally,
increases irrigation treatments decreased harvest
index. Increase number of irrigations significantly
increased the biological yield greater than the rate
ofincrease grain yield which led to decreas harvest
index. These results are partially in line with
those reported by Gab Alla (2007), Shehab El-
Din (2008), EL-Shamy (2009), Sharshar (2010),
Al Tahar et al. (2011), El-hag (2011), Qamar et
al. (2013) , Zafarnaderi & Mohammadi (2013)
and Omar et al., (2014). There are significant
differences among cultivars for harvest index in
both seasons. Sids 12 produced the highest values
of harvest index (40.9 and 40.2 %) in the first and
second seasons, respectively. These differences
among cultivars are due to variation of grain yield
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and biological yield of any cultivar. These results
are in agreement with those reported by Gab Alla
(2007), Omar et al. (2015) and El-hag (2016) and
Kandil et al. (2016).

The interaction effect between irrigation
treatments and wheat cultivars on harvest index
was insignificant in both seasons of study.

Conclusion

This study demonstrates that wheat yield
increased by irrigation at different growth stages.
Meanwhile, irrigating wheat three irrigations and
skipping the watering at flowering could achieve
91% from the maximum yield. Irrigation at both
tillering and elongation are essential. Misrl was
surpassed in grain yield and Straw yield. Misr 1
and Sids 12 cultivar yielder than Sakha 93 under
this investigation.
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