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Abstract: The growth and productivity of bread wheat cultivars is affected by deficit water irrigation. Therefore, field
experiment was conducted at Agricultural Experiment and Research Station, Faculty of Agriculture, Shalakan,
Kalubia, Egypt, during the winter season of 2015/16-2016/17 to study the effect of irrigation regime (11: full irrigation
5 irrigations, 12: skipping 2" irrigation, 13: skipping 3™ irrigation) on yield and water productivity of five wheat
cultivars (Sids 13, Gemmeiza 12, Sakha 94 and Misr 2). A spilt-plot in a randomized complete block design with three
replications was used. Plant growth parameters and yield parameters in addition to water productivity (WP) were
determined. The results showed that skipping irrigation significantly decreased plant growth and yield parameters in
both seasons. Wheat plants irrigated five times possessed maximum biomass weight, spikes plant™, spike length, grain
weight spike™, and grain yield aradab fed™ as compared to skip 2" irrigation and skip 3™ irrigation. Among wheat
cultivars, Masr 2 cultivar gave the highest value from plant growth and yield parameters. Moreover, the lowest value
was produced by Sakha 94 cultivar. However, it is concluded that interaction of full irrigations and Masr 2 cultivar
proved optimum for obtaining maximum grain yield and skipping 2" irrigation treatment proved maximum water
productivity with wheat cultivars.

[Y.A. El-Gabry and F. A. Hashem. Yield and Water Productivity of Bread Wheat Cultivars under Diversified
Irrigation Regimes. Nat Sci 2018;16(1):143-149]. ISSN 1545-0740 (print); ISSN 2375-7167 (online).
http://www.sciencepub.net/nature. doi:10.7537/marsnsj160118.16.

Key words: Wheat cultivars, grain yield, plant height, skipping irrigation, growth, yield and water productivity.

1. Introductions stress at booting stage caused a greater reduction in
Wheat (Triticum aestivum, L.) is the most plant height and number of tillers (Gupta et al., 2001
important cereal crop in Egypt and covers 3.5 million and Abdrabbo et al., 2016).
acres of land with an annual production of 9.6 million Kandil (2001) studied the response of wheat
ton (Economic Affairs Sector, 2015). The statistics cultivars (i.e., Giza 164, Sakha 69 and Sids 1) to water
indicate that local production of wheat is not sufficient stress induced by skipping irrigation either at tillering,
for consumption requirements, thus Egypt imports heading and milk-ripe stages. The results showed that
about 6 million tons to meet the needs of local markets. plant height, spikes/plant, spike length, and grain and
In this regard, researchers make efforts to increase the biological yields per faddan were markedly reduced by
productivity per unit area of wheat by devising new subjecting the plants to water stress. The depressing
cultivars of high productivity and low water effects of soil moisture stress were comparatively high
consumption. at tillering, intermediate at heading and low at milk-
Egyptian agriculture relies heavily on irrigation, ripe stage. Moreover, significant differences were
however water resources are limited. The agricultural observed among the tested wheat cultivars in grain
sector consumes more than 84% of the available water yield and its attributes, where Giza 164 cultivar was
resources (El-Beltagy and Abo-Hadeed 2008). In higher in grain yield than the other ones. Kassab
surface irrigation, farmers are commonly seen to over- (2004) studied the effect of irrigation treatments
irrigate their fields, causing greater losses by leaching. (irrigation every 30 days and skipping irrigation at
Therefore, optimal irrigation application, throughout tilling, heading or milk-ripe stages) on wheat yield and
the growing season, is an important for increasing its attributes. The results revealed that skipping
wheat productivity per unit of water applied without irrigation at any of the three studied stages significantly
additional costs (Swelam and Atta 2011). Due to reduced plant height. Abro (2012) and Qabil (2017)
limitation in water resources, water should be supplied concluded that for obtaining maximum grain yield in
precisely at the peak period of crop growth, which may wheat, the crop should be supplied with five irrigations
provide good vyield. However, shoot dry weight, since the reduction in grain yield associates the
number of grains, grain yield and biological yield decrease in number of irrigations.
decreased to a greater extent when water stress was Accordingly, under the conditions of lack of
imposed at the anthesis stage while imposition of water irrigation water, it is necessary to find means of assistance
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to increase the utilization of water while reducing the
losses in the yield. Selection of cultivars that have high
ability to tolerate drought and benefit from each unit of
water is considered one the most important and costless
practice. Herein, different varietal responses in yield and
water utilization among wheat cultivars were recorded by
Mohamed (2013) who found that Sids 12 cultivar was the
highest in yield and its components and the most tolerant
to drought stress compared with commercial cultivars
(Sakha 93, Sakha 94, Gemmeiza 10 and Giza 168) and
other tested lines.

Therefore, the objective of this study was to
investigate effects of skipping irrigation on growth,
yield, yield components and water productivity (WP)
of wheat cultivars, and find out the appropriate system
of irrigation regimes for enhancing production of wheat
and water saving.

2. Materials and Methods
Experimental site description

A field experiment was conducted at the Research
and Experimental Station Farm, Faculty of Agriculture
(30°19' N, 31°16' E), Ain Shams University at Shalakan,
Kalubia Governorate, Egypt during 2015/16 and 2016/17
growing seasons. The study area belongs to arid regions.
Table 1 illustrates monthly mean weather data, i.e.
maximum and minimum air temperature, and relative
humidity, for the two studied seasons, gained from
automated weather station allocated at the experimental
location. As presented in Table 2, physical and chemical
properties of the experimental soil were analyzed before
cultivation according to Chapman and Pratt (1961).
Also, water status in terms of field capacity (FC) and
wilting point (WP) were determined according to
Israelsen and Hansen (1962). The preceding crop was
maize in both seasons.

Table 1. Average air temperature and relative humidity of the experimental site at Shalakan in 2015/16 and 2016/17 seasons.

2015/16 2016/17
Month  Air temperature (°c) Relative humidity (%) Air temperature (°c) Relative humidity (%)
Minimum Maximum Minimum Maximum

Nov 13.45 25.10 58.30 12.65 23.60 95.16

Dec 13.60 23.05 59.22 10.85 22.05 89.25

Jan 10.95 19.85 64.35 10.05 25.05 87.13

Feb 11.85 19.95 55.85 12.01 20.95 75.91

Mar 10.65 20.75 61.09 11.95 18.95 85.62

Apr 12.10 25.65 56.10 12.18 20.45 82.75

May 15.45 28.30 56.95 12.85 23.05 80.56

Table 2. Physical properties and water status of the soil at Shalakan region

Depth  Particle size distribution, % Texture  Chemical properties 0s % on weight basis
(cm) Coarse sand Fine sand Silt  Clay class pH EC@Sm?1) FC WP
0-30 115 29.5 406 184 Silt 7.75 0.6 17 8
30-60 9.2 30.9 424 175 Silt 7.70 0.7 17 7.5

Note: FC, Field capacity, PWP, Permanent wilting point.

Treatments and trail design

The study aimed to evaluate the performance of
four wheat cultivars, i.e. Misr 2, Sids 13, Gemmiza 12
and Sakha 94 watered surface with three irrigation
treatments (l;: normal irrigation, 5 irrigation; Iz:
skipping the 2" irrigation; and Is: skipping the 3
irrigation). A split plot in a randomized complete
blocks design with three replicates was used. Irrigation
treatments were randomly arranged in the main plots,
while, wheat cultivars occupied the sub plots. Net plot
size was 12 m? involving fifteen rows, four meters long
with 20 cm apart.
Common practices

Seeding rate was 350 seeds m™2, sown by single
row hand drill in mid—November in both seasons.
Super phosphate (15.5% P,Os) was added during soil
preparation at a rate of 23 kg P,Os fed™. Urea (46.5 N
%) was applied at a rate of 80 kg fed™ in three portions,
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20% with seeds planting, 40% before the first irrigation
and 40% with the second irrigation. All other
agriculture practices of wheat cultivation were done in
accordance with standard recommendations for
commercial growers suggested by the Ministry of
Agriculture  and Land Reclamation, Egypt
(Anonymous, 2008).
Data recording
Crop parameters

At harvest (on 10" May in each season), one
square meter was taken randomly from the middle area
of each plot to determine plant growth traits (plant
height and biomass weight) and yield parameters
(spikes plant™, spike length, grains spike™ and grain
weight spike™). Moreover, grain yield fed™? was
determined from the whole plot area.
Water productivity
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Water productivity (WP) was calculated as a ratio
of grain yield to the total quantity of irrigation water
applied according to Karrou et al (2012).

Regression relationship

Simple regression relationships between wheat
grain yield (dependent variable) and each of spikes
plant? spike length, grains spike™® and grain weight
spike? (independent variables) were estimated as
described by Draper and Smith (1998).

Data analysis

Data were subjected to analysis of variance
(ANOVA) according to Gomez and Gomez (1984),
using SAS software program Version 9 for comparing
among means, Duncan’s multiple range test at 0.05
probability level was used.

3. Results

Available data in Tables 3, 4 and 5 showed the
genotypic variation in plant height, biomass weight,
spikes plant™, spike length, grains spike™, grain weight
spike™, grain yield fed™* and water productivity among
wheat cultivars under different irrigation patterns
which can be explained as follow:

Plant height and biomass weight

The effects of different irrigation treatments on
wheat plant height and biomass weight are presented in
Table 3. In this regard, supplying wheat plants with
normal irrigation (5 irrigations) significantly increased
wheat plant height and biomass weight in both seasons
than the other two treatments, except skipping the 2
irrigation treatment for plant height in the first season.

Plants of Misr 2 cultivar were the tallest and
achieved the weightest biomass surpassing the other
cultivars with no significant variation in plant height
with Sids 13 in 2015/16 season. Sakha 94 was the
inferior in this respect (Table 3).

Misr 2 plants irrigated with normal irrigation
showed the maximum value of plant height in both
seasons. While, Misr 2 x skipping the 2" irrigation
treatment in 2015/16 and Sids 13 x normal irrigation in
2016/17 were the effective combination for producing
higher values of biomass weight (Table 3).
Contrariwise, in the irrigated plots with skipping the 3"
irrigation, Sakha 94 (for plant height) and Gemmiza 12
(for biomass weight) gave the lowest values.

Table 3. Plant height and biomass weight of wheat cultivars as affected by irrigation treatments.

Variables I I, I3 Mean Iy I, I3 Mean
Plant height (cm) Biomass weight (g m)

2015/16

Misr 2 110 a 105b 98.7¢ 104 A 403.3b 429.0a 25404 362 A
Sids 13 105b 101d 103 ¢ 103 A 355.0¢ 303.3¢ 224.2h 294 B
Gemmiza 12 97.4f 94449 95.2¢ 95.7B 333.3d 281.0f 189.2i 268 C
Sakha 94 85.0i 92.4h 84.9i 87.4C 287.2 ef 270.0¢ 196.4 i 251C
Mean 99.4 A 98.1A 954 B 345 A 321B 216 C

2016/17

Misr 2 108 a 100 ¢ 86.6 f 98.1A 329.0b 303.0de 296.0e 309 A
Sids 13 103 b 100 ¢ 85.0¢ 96.0B 379.0a 311.0cd 217.0h 302 B
Gemmiza 12 98.9¢c 94.8d 80.5h 914C 338.0b 251.0f 192.0i 260 C
Sakha 94 925e 95.6d 76.3i 88.1D 317.0c 239.0¢ 193.0i 250 D
Mean 101 A 97.4B 82.1C 341 A 276 B 224 C

Note: I1;: normal irrigation, 5 irrigations; l,: skipping 2™ irrigation; and Is: skipping 3" irrigation. Different letters in the
column indicate significant differences at P<0.05 using Duncan’s multiple range test.

Spike traits

Wheat spike traits, i.e. spikes plant™, spike
length, grains spike™ and grain weight spike™ as
influenced by irrigation and varietal differences are
illustrated in Table 4. As expected, supplying plants
with sufficient water amount, i.e. normal irrigation, led
to higher improvements in such traits in both growing
seasons. However, the differences between normal
irrigation treatment and that of skipping the 2"
irrigation did not reach the level of significance for
spikes plant™ and spike length in 2015/16 season.

Varietal differences in wheat spike traits appeared
well among the tested cultivars as shown in Table 4.
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Herein, Misr 2 cultivar showed potency and stability in
spike traits, i.e. spikes plant™, spike length, grains
spike™ and grain weight spike™ since it recorded the
maximum values over the two studied seasons. Also,
spike length of Sids 13 was as similar as that of Misr 2
in both seasons.

Remarkable impact of the interaction between
irrigation and wheat cultivar on spike traits was
obtained (Table 4). By and large, irrigating Misr 2
plants with normal irrigation possessed the maximum
values of all spike traits exceeding the other
combinations in both seasons, except spikes plant™
(showed the maximum value with Misr 2 x skipping the
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2" jrrigation) in the first season. Moreover, Misr 2 x as Sids 13 x normal irrigation were statistically at par
normal irrigation or skipping the 2™ irrigation as well for recording spike length in the first season.

Table 4. Spike traits of wheat cultivars as affected by irrigation treatments.

Variables Iy I, I3 Mean Iy I, I3 Mean
Spikes plant™* Spike length (cm)

2015/16

Misr 2 15.0b 16.2a 145¢ 152 A 13.7a 13.6 ab 12.1c 13.1A

Sids 13 15.1b 13.9d 13.7d 142 B 13.6ab 13.3b 11.8d 129A

Gemmiza 12 12.0f 129e 11.3g 120C 10.6 e 104 e 9.60 ¢ 10.2B

Sakha 94 125e 129e 10949 121C 104 e 10.1f 9.30 h 9.90B

Mean 136 A 13.9A 126 B 121 A 11.8A 10.7B

2016/17

Misr 2 16.0a l44c 13.7d 14.7 A 15.1a 11.8¢ 106 e 125A

Sids 13 153b 13.4 de 13.0f 13.9B 14.7b 11.7¢c 10.2f 122 A

Gemmiza 12 13.3 f 11.8h 9.80]j 116C 11.1d 9.60f 8.70 h 9.80B

Sakha 94 1269 115h 10.3i 115C 105¢e 9.30¢g 8.60 h 9.50B

Mean 143 A 12.7B 11.7C 129 A 10.6 B 9.50C

Variables Grains spike™* Grain weight spike™ (g)

2015/16

Misr 2 64.1a 619b 57.1d 61.0 A 469a 3.99¢c 3.63d 410 A

Sids 13 59.6 ¢ 489 f 529e 53.8B 420b 3.36¢ 3.14f 3.57B

Gemmiza 12 53.0e 395i 44.09 455C 3.15f 298¢ 2.62i 292C

Sakha 94 476 f 41.7h 37.9i 424D 3.26 ef 257 2.78 h 287C

Mean 56.1 A 48.0B 479B 3.82A 3.22B 3.04C

2016/17

Misr 2 60.4a 522¢ 575b 56.7 A 4.67 a 3.56 cd 3.62¢ 3.95A

Sids 13 56.7 b 452¢ 459¢e 49.3 B 3.88b 3.47d 2.95f 3.43B

Gemmiza 12 48.4d 41.7f 38.7¢9 43.0C 3.23e 2.68h 2.75¢ 2.89C

Sakha 94 43.41f 36.8h 36.5h 389D 2779 2.35i 259 h 257D

Mean 52.2 A 44.0B 44.7B 3.64 A 3.01B 2.98 B

Note: 1;: normal irrigation, 5 irrigations; l,: skipping 2™ irrigation; and Is: skipping 3" irrigation. Different letters in the
column indicate significant differences at P<0.05 using Duncan’s multiple range test.

Grain yield and water productivity (WP) interaction on wheat grain yield and water productivity
Analysis of variance showed the remarkable (WP) in 2015/16 and 2016/17 seasons (Table 5).
effects of irrigation and genetic variation and their

Table 5. Grain yield and water productivity (WP) of wheat cultivars as affected by irrigation treatments.

Variables Iy I, I5 Mean Iy I, I3 Mean
Grain yield (aradab fed ™) WP (kg m™®)

2015/16

Misr 2 188 a 16.4c¢c 16.4c 172 A 150b 1.64 a 164 a 159 A

Sids 13 17.1b 14.2d 14.1d 15.2B 1.37d 142c 1l4lc 1.40B

Gemmiza 12 15.8d 13.8f 129¢g 14.2C 1.26f 1.38d 1.29¢e 1.31C

Sakha 94 16.0d 129¢ 11.7 h 135C 1.28 ef 1.29¢e 1179 1.25C

Mean 16.9 A 143 B 13.8B 1.35B 143 A 1.38B

2016/17

Misr 2 183 a 16.1b 148 c¢c 16.4 A 146b 161la 148b 152 A

Sids 13 16.4b 13.9d 13.3e 145B 1.31d 1.39¢c 1.33d 1.34B

Gemmiza 12 146¢ 12.7f 119¢ 131C 117f 127e 1.19f 1.21C

Sakha 94 13.2 ef 11.3h 10.5i 11.7D 1.05h 1.13¢g 1.05h 1.08 D

Mean 156 A 135B 126 B 1.25B 1.35A 1.26 B

Note: I;: normal irrigation, 5 irrigations; I»: skipping 2" irrigation; and l: skipping 3" irrigation. Different letters in the
column indicate significant differences at P<0.05 using Duncan’s multiple range test.
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Well-watered plants (5 irrigations) produced the
maximum grain yield surpassing that of received less
water (4 irrigations) in both seasons. In this respect
application of normal irrigation caused increases in
grain yield ranged from 16.9-23.2 compared to
skipping irrigation as an average of the two seasons.
While skipping the 2" irrigation treatment was the
potent practice for water utilizations in terms of WP.
Such distinctive treatment achieved 6.95 and 5.35%
increases than normal irrigation and skipping the 3™
irrigation, respectively, over two years.

Muisr 2 cultivar showed the potency and efficiency
in possessing grain yield and WP along the two studied
seasons (Table 5). Herein, the yield of Misr 2 exceeded
the grand mean of all tested cultivars by 14.4 and
17.7% for grain yield and 15.2 and 18.8% for WP in
the 1% and 2" seasons, respectively. Sids 13 came in
the second order in this respect.

As shown in Table 5, the interactive impact
among irrigation treatments and wheat cultivars

Grain yield

13

Spikes I plant

Grain yield

Grains |/ spike

indicated high compatibility between Misr 2 with
normal irrigation (for grain yield) and with skipping the
2" irrigation (for WP). Also, skipping the 2™ or the 3"
irrigation with Misr 2 gave the same WP in the 1%
season. The inferior interaction in this regard was
Sakha 94 x skipping the 3" irrigation in both seasons
(for grain yield and WP), in addition to, skipping the
2" jrrigation treatment in the second one (for WP).
Regression relationship

Simple linear regression relationships between
grain yield and each of spikes plant™?, spike length,
grains spike* and grain weight spike* are illustrated in
fig 1. There were direct positive relations between
grain yield and all yield components except grain
weight spike™, which was inverse relation. From R?
values, the most contributing component is grains
spike™ followed by spikes plant™, spike length, and
grain weight spike™.
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Fig 1. Simple regression relationships between grain yield and each of spikes plant ™, spike length, grains spike* and

grain weight spike*

4. Discussion
Irrigation

Grain yield in wheat is the end result of a number
of contributing and inter-related components via
number of grains per spike, number of spikes per unit
area and grain weight. The magnitude of each
component is determined by processes such as tillering,
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spike development and grain filling, occurring at
different stages of crop development. Moreover, the
normal growth and development of wheat mainly
depends upon available water. Therein, the exposure to
water stress at any growth stage is deleterious as well
as there are specific critical stages during which the
negative effect is more lucid. Thus, our findings
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emphasized that supplying wheat plants with normal
irrigation (5 irrigations) as well-watered pattern
achieved improvements in wheat growth and yield
attributes (Tables 4 & 5). It well known that irrigation
plays a crucial role in terms of bringing good growth
and development of wheat (Khajanij and Swivedi,
1988 and Elhag, 2017). Higher grain weight of well-
watered plants is associated with longer grain filling
duration and faster grain filling rate (Li et al., 2000 and
Ejaz et al., 2007). Chauhan et al. (2008) stated that
application of five irrigations to wheat crop resulted in
the highest grain yield. On the contrary skipping one
irrigation whether the 2" irrigation, at tillering stage or
the 3" one at booting stage caused reductions in yield
and yield attributes as reported in Table 5. Water stress-
induced accelerated senescence after anthesis shortens
the duration of grain filling by causing premature
desiccation of the endosperm and by limiting embryo
volume has also been reported (Westage, 1994).
However, it should be noted that, comparing to normal
irrigation, the depression in the yield associated with
applying skipping the 2" irrigation treatment was less
than resulting from skipping the 3" irrigation one.
Farmers may apply such treatment in light of the
scarcity of water. Adding water below full crop—water
requirements is one of the strategies designed to
improve water savings in agriculture (Bashir and
Mohamed, 2014) and is regarded one of the significant
tools to overcome scarce water supplies through
lessening irrigation water amounts (Fereres and
Soriano 2007). Wajid et al. (2002) reported that wheat
crop produced highest grain yield by applying
irrigation at all definable growth stages. Whilst, water
deficiency affects plant growth and grain yield
(Hussain et al. 2004; Wajid et al. (2004). In this
context, Karim et al. (2000) investigated the effect of
water stress at reproductive stage on grain growth
pattern and yield responses of wheat and found that
94% of tillers of irrigated plants produced spikes,
compared to 79% of the stressed plants. Grain yield
was reduced to 65% in the stressed plants compared to
that of irrigated ones (Karim et al. 2000).
Varietal variations

The variations in yield and its attributes and WP
among wheat cultivars might be due to the genetic
makeup reflecting on grain filling rate and
translocation of biochemical assimilates from source to
sink. Varietal differences in yield components among
wheat cultivars were observed by Hassan and
GabAllah (2000), El-Metwally and Saudy (2009),
El-Habbal et al. (2010), Noureldin et al. (2013).
Regression relationship

From studying regression relationships between
grain yield and it components, plant breeders should
mainly focus their attention for improving wheat
cultivars on the most contributing traits via grains
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spike and spikes plant™t. Similar trend was obtained
by Ngwako and Mashiqa (2013) and Mekkei and El
Haggan (2014).

Conclusion

Although there is a reduction of yield and its
components due to skipping the second irrigation, this
may be acceptable in areas with water shortage.
Especially since such treatment has achieved the
highest efficiency of water use, in terms of high water
productivity. Also, choosing the appropriate cultivar,
as Misr 2, for this purpose is considered important.
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