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The limitation of water resources and remarkable increase in population should force research workers to find ways for
saving water without significant reduction in yield. So, two field experiments were carried out at Water Management Research
Station, El-Karda and Irrigation Development Area at El-Wazaria, Kafrelsheikh, Egypt, during the two growing seasons of
2013/14 and 2014/15 to study the mutual effect of withholding irrigation and potassium fertilizer on yield and water productivity
of wheat. Split plot design with four replicates was used. The main plots were devoted to irrigation treatments while the subplots
were assigned to potassium fertilizer. Irrigation treatments were full irrigation (W) including tillering (T), Jointing (J) , booting
(B), heading (H) and milking (M) stage, and it has been added to a 60 cm of the root zone depth; full irrigation (W) including
T,J,B, H and M stages, and it has been added to a 40 cm of the root zone depth; withholding irrigation (W3) at M stage;
withholding irrigation (W,) at B stage; withholding (W5s) at J stage; withholding (W) at J and B stages and withholding (W-) at
J,B and M stages. All withholding irrigation treatments were irrigated to a 40 cm of the root zone depth. Potassium application
treatments were 24 kg K,O feddan as basil along with foliar spraying twice using 2 % of potassium sulphate at 35 and 55 days
after sowing and control treatment without application. Results showed that insignificant increases between full irrigation
treatments of W, and W, in spike No. m2, spike length, kernel No. spike?, 1000-kernel weight, grain weight spike™ , straw and
grain yields in both seasons .No significant differences in the most of these traits were noticed among withholding irrigation
treatments of W3, W, and W5 that received four irrigation and W especially in the first season that receive irrigation twice
because of high rainfall. Seasonal water applied amounted 2517, 2025, 1815, 1722, 1758, 1456 and 1246 mffed. and water
consumptive use values were 1584, 1480, 1327, 1234,1270, 967 and 755 m®/fed. over the two seasons for Wy, W, W3, W4,Ws,
W, and W+, respectively. Withholding irrigation treatments of W5 resulted in the highest water productivity to be 2.5 kg grain m”
% over both season. Application K fertilizer (K1) significantly increased straw yield and grain yield and its components except
spike length. The interaction between irrigation treatments and K fertilizer had significant effect on the most studied traits in
both seasons. Application of K fertilizer diminished the negative effects of withholding irrigation on yield and its components.
Application of K fertilizer did not effect on seasonal irrigation water and consumptive use, but it increased water productivity
through increasing grain yield. At North Delta, Penman Monteith equation can be used in determining the actual consumptive use
and the average of crop Coefficient (Kc) for the two seasons was found to be 0.87, 1.07, 1.11, 1.17, 1.23, 1.28 and 0.35 during
emergence, tillering , jointing, heading, milking and ripening stages, respectively. Therefore, when water is becoming a limited
factor for wheat production, it should applied withholding irrigation at J or M stages with potassium fertilizer to reduce the
negative effect of withholding irrigation at some growth stages and to keep the productivity without significant reduction.

INTRODUCTION gave the highest WUE of 14.9 kg ha-* mm™ and reduced
water use by 27%. Gupta et al. (2001) found that
number of grains, test weight, grain vyield, and
biological yield and harvest index decreased largely
when water stress was imposed at the anthesis stage,
while imposition of water stress at the boot stage caused
a greater reduction in plant height and number of tillers.

Potassium is an essential element in several
physiological processes; enzyme activation,
N . . photosynthesis, stomatal regulation and osmotic

Possibilities to expand cultivated acreage i .0 1arion  osmotic potential, sugar translocation and
Egypt are limited by water scarcity. The challenge for water uptake (Damon et al., 2011; Pettigrew, 2008 and
the coming decades will be increasing wheat production Wang et al., 2013). Imran et al. (2015) reported that

with optimization of supplemental irrigation (Hafez and . cqiiumimprove crop tolerance to water stress by well
Gharib, _2016)' The Improve of Wate(-use e_fﬁuency developed root system and accelerated the maximum
ON;JE) e th?hTOSt Serious t_002I01fgr Increasing  crop water uptake and improved water use efficiency. Raza et
pro ucélon W'It e(sj_s waterda'arl,d _)'_ ion based al. (2014) concluded that application of potassium

everal studies conducted to Irrigation based on improve leaf water potential, osmotic potential, turgor

measuring soil moisture content in different soil layers ; ; ; :
. . . potential , spike length, number of grain per spike and
and withholding water throughout different plant growth grain yields under water stress.

stages (Man et al., 2015; Magbool et al., 2015 and Yi et The objectives of this work were to study the

al., 2013). The highest grain yield and water use application of potassium fertilizer to reduce the negative

e][‘flme_ln::y we(r)e4a(1)tta|ned in testl?g (t)hzeoson \S%toer congent effect of withholding irrigation at some growth stages
at soil layer 0-40 cm compare to 0-20 or 0-60 cm (GU0 4, yield and water relation of wheat

etal., 2014 and Man et al., 2016).

Mbave (2013) concluded that water-stress MATERIALS AND METHODS
treatment by withholding water at the flowering stage

reduced grain yield by range 33% to 35% in the two
seasons while withholding water at stem elongation

Wheat (Triticum aestivum vulgare L.) is grown
on roughly 1.4 million hectares of land with 9 million
tons produced in Egypt during 2013/2014 winter season
(FAO, 2014). Egypt remains the world’s largest wheat
importer. Wheat imports for the 2015/16 marketing year
are estimated at 11 million tons, about the same as the
previous year and the average for the last five years
(FAQ, 2015).

Wheat cultivar Misr 1 (Triticum aestivum L.) was
grown on a clay soil at Water Management Research
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Station, El-Karda and Irrigation Development Area at
El-Wazaria, Kafrelsheikh, Egypt, during the two
growing seasons of 2013/14 and 2014/15, to study the
application of potassium fertilizer to reduce the negative
effect of withholding irrigation at some growth stages
on yield and water relation of wheat. The preceding
crop was the maize in the first season and cotton in the
second season. The soils of the experimental field were
clayey. Water table was ranged from 70-95 cm in both
seasons. The soil physical properties were determined in
the experimental sites (Table 1). Some chemical
properties of the experimental soil in the two seasons
according to Black et al. (1965) (Table 2).The
experimental field was fertilized with 155 kg
P,0Os/feddan in the form of calcium superphosphate
(15.5 % P,0s) during soil preparation.

Table 1. Soil physical properties for the experimental
field in 2013/2014 and 2014/2015 seasons
Soil depthField capacity %W ilting point %Bulk density (g/cm®)

(cm) 2013/142014/152013/142014/15 2013/14 2014/15
0-20 4446 4282 24.19 23.16 1.10 1.16
20 - 40 39.03 38.92 2122 2121 1.16 1.25
40-60 36.72 35.65 19.79 19.73 1.24 1.32

Table 2. Chemical analysis of the experimental soil (0-30
cmdepth) in 2013/14 and 2014/15 seasons.
pH EC Organic AvailableAvailableavailable
(1:2.5) (ds/m) matter(@9 N (ppm) P(ppm) K (ppm)
2013/14 820 3.0 1.6 19.8 15.6 390
2014/15 8.06 2.8 15 18.7 17.3 378

Irrigation treatments were started after the first
irrigation (sowing irrigation). Seven irrigation treatments
were used as shown in Table 3. Irrigation treatments were
full irrigation (W) including tillering (T), Jointing (J) ,
booting (B), heading (H)and milking (M) stage, and it has
been added to a 60 cm of the root zone depth; fullirrigation
(W5) including T,J,B, H and M stages, and it has been
added to a 40 cm of the root zone depth; withholding
irrigation (W 3)at M stage; withholding irrigation (W 4) at
B stage; withholding (W s) at Jstage; withholding (We) at J
and B stages and withholding (W) at J,Band M stages.
Allwithholding irrigation treatments were irrigated to a 40
cm of the root zone depth as shown in Table 3. Soil
samples were collected at each 20 cmsoil depth to 60 cm
to determine the percentage of moisture in each soil layer
before irrigation. Amount of applied irrigation water were
measured by a portable pump equipped with a water meter
for each plot.

Season

Table 3. Irrigation number, available soil moisture depth and stage withhold irrigation (stress stage).

Irrigation treatment

Growth stages

Serial 1. No. Depth (cm) Stress stage Symbol Tillering (T) Jointing (J) Booting (B) Heading (H) Milking(M)
W, 5 0-60 without 51-D60 v v v N N
W, 5 0-40 without 51-D40 v QY N \
W, 4 0-40 M 41-D40-M v v v v x
W, 4 0-40 B 41-D40-B v v x N N
W 4 0-40 J 41-D40-J v x v v v
Wi 3 0-40 JB 31-D40-JB v x x ! !
W5 2 0-40 JBM 31-D40-JBM v X X \ X

I=irrigation, D = depth of available soil moisture , ¥ = irrigation, x = withholding irrigation.

Potassium fertilizer was used as follows:
Ko: without K fertilizer (control)

K1: applicationof24 kg KzO in the form of potassumsulphate (48 % K:O) as top dressing in two equal doses(the first at sowing andthe other
at 21 days after sowing) along with two foliar sprays with solution of 2% potassium sulphate at 35 and 55 days after sowing.

The experimental design was split-plot with four
replicates. Main plots were assignedto irrigation treatments
and sub-plots to potassiumapplication. Thesub plotsiz was
20 m? (4 X 5m). To avoid theeffectof lateral movement of
irrigation water, themain plots were isolated by levees 1.5 m
wide. Wheat seedwas drilledby hand in rows 20 cma part
at the rate of 50 kg seed feddan™ on 20 and 21 November in
firstand second seasons, respectively. Each plotincluded 10
rows. Nitrogen fertilizer in the formof urea (46% N) was
applied at the rate 75 kg N feddan™ in two doses, 20% at
sowing and 80% at the first irrigation (onset tillering stage).
The normal of cultural practices for growing wheat were
applied as recommended traits. Number of spikes m2
(Spikes No.m™), spike length (cm), number of kernels per
spike (Kerels No. spike™), grain weight per spike (g spike™)
and 1000-grain weight (g) measured and taken at harvest.
The harvestat maturity was 151 and 156 days from sowing
in both seasons. The central area of 8 m* (2 X 4 m) were
harvested and threshed to determine grain and straw yield (t
feddan'l). The weight of grain yield was adjusted to 14.5%
moisture content.

Water Measurements

Amount of applied irrigation water were
measured by a portable pump equipped with a water
meter for each plot. Actual need for irrigation was

determined by drying the soil samples for 24 hours to
110°C and the percentage of moisture was expressed on
oven dry weight basis.

Soil moisture sampling at each 20 cmsoil depth to
60 cmwas taken before irrigation to calculate the needed
amount of applied irrigation water to reach field
capacity.Soil samples were obtained at each 20 cm soil
depth to 60cm before and after irrigation to calculate water
consumptive use (WCU) of wheat plants according to
Israelsen and Hansen (1962) equation as follows:

weu=22"% 5 4xDbx4200

Where:
WCU = Amount of water consunptive use (m*/feddan).
0, = Soil moisture content % after irrigation.
0, = Soil moisture content % before the next irrigation.
B.d = Bulk density (g/cm?).
D = Depth of soil layer (m).

Water productivity for applied water (WP ater
applied) and water consumptive use (WP water consumptive use )
were calculated according to El-Bably et al. (2015) as
follows:

Yield (kg/ ha)
Applied water (m®/ha)

WP water applied =
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Yield (kg/ha)
water consumpitive use (m*/ha)

prater consumptive use =

Crop coefficient (Kc) was calculated according to
Penman Monteith method as the ratio between actual
crop  evapotranspiration  (ET,) and reference
evapotranspiration (ET,) as follows:

Kc = ETa Reference evapotranspiration (ET,)
ETo
was calculated by FAO Penman Monteith (Allen et al.,
1998).

Analysis of variance (ANOVA) was assessed
according to Gomez and Gomez (1984) and the means
were compared by Duncan’s Multiple Range Test
(Duncan, 1955).The data was analyzed using CoStat
software for windows (version 6.3).

RESULTS AND DISCUSSION

A. Weather condition:

The meteorological data for experimental sites
during the two seasons are summarized in Figures 1, 2
and 3. Seasonal rainfall was 110.3 mm and 37.9 mm in
2013/2014 and 2014/2015 seasons, respectively (Fig. 1).
Amount of rainfall was greater in the first season than
the second season at any month during growing season.
The maximum rainfall was recorded at March in the
first season and at April in the second season. Fig. 2
illustrated that air temperature reduced by time progress
from November to December then it slightly increased
to February and sharply increased to April in the first
season. In the second season, air temperature reduced by
time progress from November to January then it slightly
increased to February and sharply increased to April.
Air temperature was lower at the period of November
and December in the first season than in the second
season and then it was higher at the remainder in the
first season than in the second season. The lowest mean
monthly of air temperature was obtained at December in
the first season and at January in the second season,
while the highest one was obtained at April in both
seasons. Mean monthly of relative humidity gradually
increased from November to January then it slightly
decreased to February and severity decreased to April in
both seasons (Fig. 3). Relative humidity was greater in
the first season than in the second season at all growing
months.

30 W2013/14 2014/15 season
1246 26.25

Fig. 1. Amount of monthly rainfall in 2013/2014 and
2014/2015 seasons.
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Fig. 2. Mean monthly of Temperature (°C) in
2013/2014 and2014/2015 seasons.
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Fig. 3. Mean monthly of relative humidity percentage
in2013/2014 and 2014/2015 seasons.

B. Yield components:
1. Irrigation effect:

Irrigation treatments had significant effect on
spikes number m?, spike length, kemnels number spike™,
1000-kernel weight and grain weight spike™® in both
seasons (Table 4 and 5).

Irrigation treatment of W, that received five
irrigation resulted in significantincrease in spikes number m’
2 compared with four, three or two irrigations to the soil
depth of 0-40 cmalong with prevent irrigation at jointing
growth stage (W s, W and W 7) in both seasons. There were
no significantdifferences in this trait among five irrigation
between W1,W, and irrigation of W 3 at milking stagein the
two seasons. Withholding one irrigation at booting stage
(W 4) were statistically at par with the mentioned three
treatments (W1, W, and W 3) in spikes number m? in the
first season, butit significantly reduced this trait than themin
the second season. This may be due to increase rainfall
amount in the first season than the second season at this
stage.

Datain Table 4 show that withholding irrigation at
jointing growth stage markedly reduced spikes number m?
in both seasons. Water stress during jointing stage
accelerates tiller death which causes reduction in number of
survival active tillers (spikes number m*?).Mehasen et al.
(2014) reported that skipping irrigation at tillering,
elongationand heading growth stages decreased number of
spikes m” compared with skipping irrigation at filling stage.
Also, Mekkei and ElI Haggan (2014) concluded that
application of five irrigations at different wheat growth
stages resulted in higher number of spikes m?, while
skipping irrigationat stemelongation or booting oranthesis
stage caused a reduction in number of spikes m?.These
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resultsare in agreement with those obtained by Attia and
Barsoum (2013); Shirazi et al. (2014) and Tari (2016).
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Table 4. Number of spike m?, spike length, number of kernels spike™and 1000-kernel weight of wheat cv. Misr1 as

affected by irrigation treatments and potassium application in 2013/14 and 2014/15 seasons.

Factor

Spikes (No m™)

Spike Length (cm)

Kernels (No spike™)

1000-kernel weight (q)

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

Irrigation;
w1 51-D60 444 a 441 a 11.89a 12.1a 70.7 a 72.7a 47.04a 46.69 a
W2 51-D40 442 a 436 a 11.72 ab 11.96 b 69.1 ab 72.1ab 46.74 a 46.72 a
W3 41-D40-M 439 ab 432a 11.69 ab 11.94b 68.1 ab 70.5 ab 46.19 ab 4589 b
W4 41-D40-B 423 ab 409 b 11.57 ab 11.94b 67 bc 68.7 bc 46.48 a 46.26 ab
W5 41-D40-J 420 b 410b 11.49 ab 1191b 68.3 ab 69.4 abc 46.67 a 46.29 ab
W6 31-D40-JB 399 ¢ 406 bc 11.34 ab 11.79¢c 64.6 c 66.2 cd 46.25 a 46.14 b
w7 21-D40-JBM 394 ¢ 394 ¢ 11.1b 11.51d 61d 63.2d 4547 b 4535¢

F test * ** * * ** * ** **
Kg K,0O fed.™:
Ko 0 421b 414 b 11.45 11.85 66.1 67.7b 46.18b 46.04 b
K, 24 425 a 422 a 11.64 11.91 67.8 70.3a 46.64 a 46.34 a

F test * * NS NS NS ** ** *
Interaction ** * NS NS * * * *

*and ** indicate P<0.05and P<0.01. Means in each factor designated by the same latter are not significantly different at5%]level using
Duncan’s Multiple Range Test. I=irrigation, D=depth of soil layer, J,Band M=withholdingirrigation at jointing, booting
and milking stages, respectively.

Table 5. Grain weight spike™, straw yield, grain yield and harvest index of wheat cv. Misrl as affected by
irrigation treatments and potassium application in 2013/14 and2014/15 seasons.

Grainweight (g spike™) Strawyield (t feddan™) Grain yield (t feddan™)

Harvest index

Factor 2013714 2014/15 2013114  2014/15  2013/14 2014715 2013/14 2014715
Irrigation:
Wi 5I-D60 33282 3.3%a 65742 6.655a 36932 350652 0.36d 0.345¢
W2 51-D40  3.228a  3.369ab 6.233a  6.512ab 364la  3.4825a  0.366d 0.35hc
W3 41-D40-M  3.146ab  3.235ab 6.038ab  6.287ab  3.503ab  3.387ab 0.366d 0.351bc
W4  41-D40-B  3.115ab  3.179bc  6.002ab  6.145ab  3.489%ab 3.33b 0.369cd 0.348bc
W5 41-D40-J 3.188ab 3.215abc 5.746ab 6.072ab 3.472ab 3.385ab 0.379bc 0.358ab
W6  31-D40-JB  2988b  3.052cd 5256bc  5915bc  3.288bc  3.227c  0.385ab  0.353abc
W7  21-D40-JBM 2.776c  2.868d 4.966¢ 5.351c 3.231c 3.048d 0.394a 0.363a
Kg K,O fed.™:
Ko 0 3.055b  3.116b 5774 6.048D 3.4100 3.284D 0372 0.352
K, 24 3.165a  3.259% 5.887 6.219a 3.538a 3.392a 0.376 0.353
F test * ok NS * * o NS NS
Interaction *x * * wx * wx * *

e and** indicate P<0.05and P<0.01. Means in each factor designated by the same latter are not significantly different at5%level using
Duncan’s Multiple Range Test.lI=irrigation, D=depth of soil layer, J,B andM=withholding irrigation at jointing, booting and

milking stages, respectively.

Abundance of available soil moisture in irrigation
treatment of W, resulted in a significant increase in
spike length compared to withholding irrigation three
times (W-) at jointing, booting and milking stage in
both seasons. These results agreed with those obtained
by Attia and Barsoum (2013) and Shirazi et al. (2014).

Withholding irrigation at booting growth stage
causedasignificant decrease in number of kernels spike™
than W treatment in the two seasons. W irrigation
treatment recorded the greatest number of kernels spike™
followed by W ,, W 3 and W 5 treatments in the two seasons.
Kernel number is determined in the end of jointing and
onsetbooting stages withoutsignificant differences in both
seasons. Similar results were obtained by Guo et al. (2014);
Sang et al. (2016) and Shirazi et al. (2014) .

Abundance available soil moisture at either W4
or W, irrigation treatments resulted in substantial
increase in 1000-kernal weight compared W, treatment
in both seasons. Irrigation treatment of W3 markedly
decreased 1000-kernal weight in the second season
compared with W, treatment, but they were statistically
equal in this respectin the first season. This reduction in
grain weight may be due to a shortage of carbohydrates
supplied per grain, which is caused by raped maturation

of grains. The fact that the water stress at milking stage
shortened maturation period and the kernel ripened
about one week earlier than those on control plants
support this conclusion. On the other hand, the increase
in rainfall in the first season compensated the shortage
of irrigation water at this stage, which in turn increased
1000-kernal weight. In this connection, Guendouz et al.
(2016) found that water deficit after anthesis stage
decreased grain filling period and kernel weight.
Mekkei and El Haggan (2014) found that skipping
irrigation at various growth stages decreased 1000-
kernel weight. These results are in agreement with those
obtained by Shirazi et al. (2014) and Tari (2016).
Weight of grains spike™®was gradually increased by
increasing irrigation number from 3 to 6 times in both
seasons. There were no significant differences in weight of
grains spike™ amongirrigation treatments of W1, W3, W
and W, except W4 in the second season. This is due to
decrease number of kernel spike by shortage water
irrigation at booting stage along with little irrigation in the
secondseasons, whereas, weight of spike grain is resulted
from kernelnumber spike™ and kernel weight. These results
are in agreement with those obtained by Hafez and Gharib
(2016); Rizk and Sherif (2014) and Shirazi et al. (2014).
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2. Potassium effect:

Data in tables 4 and 5 showed that application of
potassium fertilizer had a significant effect on spikes
number m?, 1000-kernel weight and grain weight spike”
Lin both seasons and kernels number spike™ in the
second season. Application of 24 kg K,O feddan™
significantly increased the mentioned treats compared
the control treatment without potassium. However,
spike length did not affect by potassium application in
the two seasons. Potassium fertilizer increased grain
weight spike™ through increasing weight kemel and

number of kernel per spike.These results are agreement
with those obtained by El-Abady et al. (2009) and El-
Ashry and El-Kholy (2005).

3. Interaction effect:

The interaction between irrigation treatments and
potassium application had significant effect on spikes
number m?, kernels number spike™, 1000-kernel weight
and grain weight spike™* in both seasons (Tables 6 and 7).
However, spike length did not affect by the interaction of
irrigation treatments and potassium in the two seasons.

Table 6. Number of spike m?, spike length, number of kernels spike*and 1000-kernel weight of wheat cv. Misr1 as
affected by the interaction between irrigation treatments and potassium application in 2013/14 and

2014/15 seasons.

Spikes (No M9

Kernels (No spike™) 1000-kernel weight (g)

Irrigation K 2013/14 2014715 2013714 2014715 2013/14 2014/15
W1(51-D60) Ko 447 ab 436 abc 70.2 ab 7242 46.88 ab 46.47abc
K, 447 a 446 a 71.3a 73.1a 47.20a 46.90 a
W2 (51-D40) Ko 438 ab 433 abc 68.0 ab 71.6 ab 46.57 ad 46.53 ab
Ky 446 a 439 ab 70.1ab 72.6a 46.92 ab 46.92 a
Ko 437 ab 428 a-d 67.5ab 68.8 abc 45,94 cde 45.8 cde
W3 (41-D40-M) — ? 442 ab 436 abc 68.7 ab 72.2 ab 46.45 a-d 45.97 bed
W4 (41-D40-B) Ko 420 abc 205 cde 65.9 a-d 66.2 bed 46.23 bed 46.10 bed
Ky 425 abc 413 a-e 68.1 ab 71.2ab 46.74 abc 46.43 abc
W5 (41-D40-0) Ko 418 be 2407 b-e 66.6 abc 67.8 a-d 46.41 a-d 46.20 be
Ky 421 abc 413 a-e 70.0 ab 71.14ab 46.93 ab 46.38 abc
Ko 396 d 701 de 64.1 bed 64.3 cd 76.02 b€ 75.97 bed
W6 (31-D40-JB) 7 402 cd 410 bede 65.1 a-d 68 a-d 46.48 a-d 46.30 abc
Ko 394 d 389 e 60.6 d 62.5d 4519 ¢ 4522 ¢
W7 (21-D40-BM) (7 394 d 398 de 615 cd 64 cd 45.76 de 45.47 de

I=irrigation D=depth ofsoil layer J,B and M=withholdingirrigation at jointing, booting and milkingstages, respectively. * and **
indicate P<0.05and P<0.01. Meansin each column designated by the same latter are not significantly different at 5% Ilevel using

Duncan’s Multiple Range Test.

Data in Table 6 show that Wy treatment
adversely affected spikes number m? but potash
application ameliorated the adverse effect of stress by
increasing this trait, statistically similar to irrigation
treatment of W ; with K application in both seasons. Wy
treatment and 24 kg K, O feddan™ produced the greatest
spikes number m?, while irrigation treatment of W
without K fertilizer produced the lowest one in both
seasons. W,, W3 and W, irrigation treatments with
either K or no K were statistically at par with the
irrigation treatment of W ; with K application.

Data in Table 6 show that water deficit at booting
stage (W4) without K fertilizer significantly decreased
number of kernel spike™ in the second seasons, while
the increase in amount rainfall in the first season at this
stage compensated the shortage of water and in turn
increased this trait to equal that produced from Wj.
Adding k fertilizer positively affected number of kernel
spike™ at shortage water at booting stage in the second
season. There were no significant differences in number
of kernel spike'1 among W, W,, W3 and W g treatments
with or without k application in both seasons. Adding
potassium improved kernel formation per spike when
water deficit occurred at jointing and booting stages
together in the two seasons. This indicates an
integration of water deficit and potassium fertilization.
Aown et al. (2012) reported that potash spray under
drought at all growth stages of wheat ameliorated the
adverse effects of stress by improving the number of
grains per spike to a significant level.

The weight of 1000-kernel was significantly
influenced by the interaction between irrigation treatment
and k fertilizer in favour of irrigation treatments of W, and
W, with or without potassium fertilizer compared to W 3,
W 4 and W5 in bothseasons. Data showed that withholding
irrigation significantly reduced the weight of 1000-kerntl
when it was applied either at booting stage or at jointing
stage alone or together and K ameliorated this negative
effect to statistically equal to full irrigation in the two
seasons. Water deficit at milking stage with or without k
fertilizer severity decreased the weight of 1000-kernel in
both seasons, but theincreasein amount rainfall in the first
season compensated the shortage of water at this stage with
k fertilizer and increased this trait to pair with full irrigation
with K fertilizer in both seasons.

Data in Table 7 show that W, and W, irrigation
treatments with or without K fertilizer, being insignificant,
increased grain weight spike™ than irrigation treatment of
W in bothseasons. Adding potassium fertilizer decreased
the negative effect of withholding irrigation at each of
jointing, bootingand milking stages alone orat jointing and
booting stages together on grain weight spike™ in both
seasons. Withholdingirrigationat the mentioned stages with
K fertilizer was statistically similar to fullirrigation (control)
in the grain weight spike™ in the two seasons. Amount of
rainfall in the first season resulted in compensate water
deficit at the mentioned stages and consequently it increased
grain weight spike™ at no K fertilizer to equal that at full
irrigation with or without K fertilizer. The trend of grain
weight spike™ is similar to those of kernel number spike™
and similar discussion could be cited.
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Table 7. Grain weight spike™, straw yield, grain yield and harvest index of wheat cv. Misrl as affected by the
interaction between irrigation treatments and potassium application in 2013/14 and 2014/15 seasons.

Irrigation K Grainweight(gspike?) Strawyield (t feddan™) Grainyield (tfeddan™) Harvest index
2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14 2014/15
W1(51-D60) Ko 3.291a 3.364ab 6.537a 6.538ab  3.653ab  3.485ab 0.358d 0.348cd
K;  3.365a 3.428a 6.61a 6.772a 3.733a 3.528a 0.361d 0.343d
W2 (51-D40) Ko  3.167ab 3.332ab  6.146abc  6.487ab  3.591abc  3.444ab  0.369bcd  0.347cd
Ky 3.289% 3.406ab 6.319ab 6.536ab 3.69a 3.521a 0.369bcd  0.35bcd
W3 (41-D40-M) Ko 3.10labc  3.151a-d 6.022abc  6.235abc  3.433a-d  3.341bc  0.363cd  0.349bcd
K; 3.191ab 3.319abc 6.053abc  6.338ab  3.544abc  3.433ab  0.369bcd  0.351bcd
W4 (41-D40-B) Ko 3.047abcd 3.052cde 5.993abc  6.133abc  3.422a-d 3.298c¢ 0.363cd 0.35bcd
K; 3.183ab 3.306abc  6.0labc  6.157abc 3.522abc  3.362abc  0.369bcd  0.353abc
WS5 (41-D40-J) Ko 3.091abc 3.132bcd 5.617bcd  6.033bc  3.441a-d  3.348bc 0.38b 0.357abc
Ky 3.285a 3.298abc  5.874abc  6.1labc  3.565abc  3.422ab 0.378bc 0.359ab
W6 (31-D40-JB) Ko  2.95bcd 2.956de 5.101d 5.815bc 3.197de 3.165d 0.385ab  0.352a-d
K; 3.026a-d 3.148a-d 5.41cd 6.014bc  3.379bcd 3.289c¢ 0.384ab  0.354abc
W7 (21-D40-JBM) Ko 2.739d 2.826e 4.999d 5.093d 3.13e 2.905e 0.385ab 0.363a
K, 2.814cd 2.91de 4.932d 5.608cd  3.332cde 3.191d 0.403a 0.363a

I=irrigation D=depth ofsoil layer J,B and M=withholding irrigation at jointing, booting and milking stages, respectively.
*and** indicate P<0.05and P<0.01. Means in each column designated by the same latter are not significantly different at 5% level

using Duncan’s Multiple Range Test

C. Straw and grain yields:

Means of straw yield, grain yield and harvest
indexas affected by irrigation treatments and potassium
application in 2013/14 and 2014/15 seasons are
presented in Table 5.

1. Irrigation effect:

Irrigation treatments hadsignificant effect on straw
yield, grain yield and harvest indexin the two seasons.
Straw yield per feddan was significantly increased by
increasing irrigation numbers to four or five times
compared with two times. Full irrigation of W, produced
the higheststrawyield without any significant differences
than W,, W3, W, and W irrigation treatments in both
seasons. The lowest straw yield was obtained fromW - in
both seasons. This may be due to decrease in survival
number of tillers. Mekkei and El Haggan (2014) found that
skipping irrigation at various growth stages decreased
strawyield (ton ha™) compared with full irrigation in both
seasons. These resultsare in agreement with those obtained
by El-Abady et al. (2009); Rizk and Sherif (2014) and
Shirazi et al. (2014) .

Grain yield per feddan was markedly affected by
irrigation treatments in both seasons. Full irrigation
treatments of W; and W, soil layers, being
insignificant, resulted in a significant increase in grain
yield compared to W3, W4, W5 and Wy irrigation
treatments in both seasons. Irrigation treatments
containing water deficit at booting stage severity
reduced grain yield. In the first season, withholding
irrigation treatment of W, had no significant effect on
grain yield compared with full irrigation (W), because
the amount of rainfall was increased and compensated
the negative effect. These treatments decreased grain
yield through decreasing number of spikes m? and
kernels spike™. There were no significant differences in
grain yield among full irrigation (W) and withholding
irrigation treatments of W3 and W in the two seasons.
This may be due to the increase in yield components
namely  number of spikes m?, kemels spike™, 1000-
kernel weight and grain weight spike. In this
connection, Adequate water at or after anthesis not only
allowed the wheat plant to increase photosynthetic rate

but also give extra time to translocate the carbohydrates
in grains, which enhanced grain size and ultimately
causes higher grain yield (Mirbahar et al., 2009).
Seleiman et al. (2010) showed that increasing number
of irrigations up to five increased grain yield. Abro
(2012) reported that for obtaining maximum grain yield
in wheat, the crop will need five irrigation because there
was significant decrease in grain yield with decreasing
the number of irrigation. Baloch et al. (2014) found that
wheat crop irrigated five times produced maximum
grain yield, while the minimum grain yield recorded in
three irrigation. Mehasen et al. (2014) showed that
skipping one irrigation at tillering, elongation and
heading stages decreased grain yield compared with
skipping irrigation at filling stage treatments. Zareian et
al. (2014) found that water stress through withholding at
the ear emergence and grain filling phases reduced grain
yield and its components.

Harvest index was significantly increased by
decreasing number of irrigation from 5 to 2 times in
both seasons. Withholding irrigation treatments of W,
W, and W, resulted in significant increase in harvest
index compared with W, treatment in both seasons.
The increase in harvest index is due to the decrease in
biological yield at this treatment.

2. Potassium effect:

Application of potassium fertilizer had a
significant effect on straw yield in the second season
and grain yield in both seasons (Table 5). Application of
24 kg K20 feddan-1 significantly increased the
mentioned treats compared the control treatment
without potassium. Application of potassium fertilizer
increased grain yield through increased spikes m-2,
kernels spike-1, 1000-kernel weight and grain weight
spike-1. Harvest index did not influenced by application
of potassium fertilizer in both seasons.

3. Interaction effect:

The interaction between irrigation treatments and
potassium application had significant effect on straw
and grain yield as well as harvest index in both seasons
(Table 7).
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Data in Table 7 show that the highest straw yield
was obtained from full irrigation treatment (W) without
significant difference than W,, W 3 and W 4 treatments with
or without K fertilizer in both seasons. The lowest straw
yield was obtained from W irrigation treatment with or
without K fertilizer in the two seasons. Withholding
irrigation of W5 without K fertilizer adversely affected
straw yield, but application of K fertilizer ameliorated the
adverse effect of stress by increasing this trait to
statistically equal to the full irrigation to 0-60 cmsoil layer
(W) with K application in both seasons. The increase in
strawyield was related by increasing number of tillers per
unite area.

Data in Table 7 show that W3 and W, irrigation
treatments without potassium fertilizer significantly
decreasedgrain yield in the second season, butthe increase
in amount rainfall in the first season at these stages
compensated the shortage of water and in turn increased
this trait to equal that produced fromfull irrigation. Adding
potassium fertilizer positively affected grain yield at
shortage water at booting or milking stages alone in the
second season. There were no significant differences in
grain yield among irrigation treatments of W 1,W;,and W5
with orwithout K fertilizer and W4 or W 5 treatments with
k application in both seasons. Abundance of available soil
moisture with K fertilizer increased grain yield through
increasing number of spikes m?, kernels spike™, 1000-
kernel weight and grain weight spike™. Data indicate an
integration of water deficit and potassium fertilization on
grain yield. EI-Ashry and EI-Kholy (2005) reported that
spraying wheatplants with K before subjecting the plants
to drought treatment diminished the negative effects of
drought on growth and in turn increases yield per plant.
Zareian et al. (2014) concluded that maximum values of
grainyield could be achieved fromwheat cultivar W S-82-
9 giving normal irrigation and sprayed with 3.0% K,O.
These results are supported by the previous findings of

Aown et al. (2012); El-Abady et al. (2009) and Niu et al.
(2013).

Data in Table 7 show that withholding irrigation
treatment of W7 with or without K fertilizer significantly
resulted in significant increase in harvest indexcompared
with full irrigation to 0-60 cm soil layer (W) with or
without K fertilizer in both seasons. Wgand W 7 irrigation
treatments did not significantly differ in harvest index at
with or without K fertilizer in the two seasons.

D. Soil water relations:
1. Seasonal amount of applied water:

Seasonal water applied consists of the two main
components; water applied delivered to the field plot and
effective rainfall. The totalamounts ofthe effectiverainfall
during the two growing seasons were 190.0 and 102.33 m®
fed™ in the first and second growing seasons, respectively.
At the same irrigation treatment, plots of potassium
fertilizer or without were received equal amount of
irrigation water during growing season. The amounts of
applied irrigation water from sowing to harvestas affected
by irrigation treatment are presented in Table 8.

The amount of applied water was increased by
increasing irrigation number and available soil water
depth in both seasons. Treatments of W that irrigated
five times recorded the highest values of seasonal
applied water to be 2583 and 2452 m® feddan™, while
withholding irrigation at J, Band M stages recorded the
lowest values 1325 and 1167 m'/feddan in the two
seasons. Withholding irrigation at any growth stage
resulted in practically reduced in seasonal compared
with full irrigation treatment of W, (control) in both
seasons. Such increase in the amount of applied water
by increasing irrigation number and available soil water
depth may be attributed to considerable increase in leaf
area, which resulted in a greater transpiration and in turn
water requirement. The difference in seasonal water
applied between the first and second seasons due to the
variation in the amount of rain fall (Fig 1).

Table 8. Irrigation water, seasonal water applied (m® fed') as affected by Irrigation and potassium
treatments in 2013/2014 and 2014/2015 seasons.

Irrigation Water applied (m® fed™)  Seasonal water applied (m® fed™) water saving (m® fed™)
treatments 2013/14 2014/15 2013/14 2014/15 2013/14 2014/15
W1 51-D60 2393 2350 2583 2452 - -

W2 51-D40 1923 1835 2113 1937 470 515
W3 41-D40-M 1713 1625 1903 1727 680 725
W4 41-D40-B 1624 1528 1814 1630 769 822
W5 41-D40-J 1639 1585 1829 1687 754 765
W6 31-D40-JB 1345 1275 1535 1377 1048 1075
W7 21-D40-JBM 1135 1065 1325 1167 1258 1285

I=irrigation D=depth ofsoil layer J,B and M=withholding irrigation at jointing, booting and milking stages, respectively.

Full irrigation treatment of W, in the shallow soil
layer 0-40 cm saved 470 and 515 m’® of irrigation water
than W (control) treatmentin both seasons. Withholding
irrigation treatment of W, saved 1258 and 1285 m® of
irrigation water per feddan than W, (control) treatment in
both seasons. Withholding irrigation treatments of W 3 and
W; saved 680 and 754 m° irrigation water in the first
season and 725 to 765 m® in the second season than full
irrigation treatment of W;,. Although, the irrigation
treatments of W1 and W5 saved irrigation water than W1
(control treatment), they were statistically equal in grain
yield in both seasons. Percentages of saving water obtained

from withholding irrigation treatments or irrigation
treatment of W, were ranged from 19.6 to 52.6% in the
first season and from 21.9 to 54.7% in the second season
compared with full irrigation treatment of W, in both
seasons (Fig. 4). In this connection, Meleha (2016)
reported that the seasonal values of water applied can be
descendedin order irrigation to reach the field capacity in
soil depths 0-60 cm >0-40 cm> 0-20 cm. Jazy et al. (2012)
reported that wheat may be irrigated after 90 mm
cumulative pan evaporationnot only may save about 22%
in irrigation water with no significant loss in yield under
condition similar to this experiment.
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2. Seasonal actual water consumptive use:

Data in Table 9 show that the amount of water
lost as evapotranspiration (seasonal water consumptive
use) was increased by increasing irrigation number and
soil water depth in the two seasons. Withholding
irrigation at any growth stage and low available soil
water depth substantially decreased seasonal water
consumptive use (WCU) compared with full irrigation
treatment of W; in the two seasons. Withholding
irrigation treatments W that irrigated twice recorded
the lowest values of WCU 837 and 674 m® feddan™,
while full irrigation treatment of W, during entire
seasons recorded the highest values 1645 and 1524 m®
feddan™ in the two seasons. Dataindicated that seasonal
water consumptive use was related positively with
amount of applied water. Two irrigation in 0-40 cm soil
depth with prevent three irrigation at J, B and M stages
(W?7) recorded the lowest values of WCU 837 and 674
m® feddan™, while five irrigation in 0-60 cm soil depth
(W) during entire seasons recorded the highest values
1645 and 1524 m® feddan™ in the two seasons. The
increase of actual water consumptive use at full
irrigation treatment (W1) can be attributed to the
increase in evaporation at high available moisture; more
supplying plants with sufficient moisture led to an
increase in green cover and hence increase transpiration.
Rizk and Sherif (2014) reported that consumptive use
was increased with increasing available soil moisture.
Shirazi et al. (2014) found that water consumed by
wheat genotypes throughout the growing season was
about 293 mm / m’ under control conditions. Tari
(2016) reported that the seasonal water-consumptive use
of experimental treatments varied between 206 and 571
mm. These results agree with those of Meleha (2016).

W 2013/14

2014/15 seasons

Saving water %

Irrigation treatment

Fig. 4. Saving water percentage from W1 (control) as
affected by irrigation treatment 2013/14 and
2014/15 seasons.

Application of K fertilizer slightly increased WCU
compared with control (without K)in both seasons.

There were substantial differences in WCU among
combination ofirrigation treatments and K fertilizer in both
seasons. At the same irrigation treatment, adding K
fertilizer had a slight effect on WCU in the two seasons.
However, WCU was markedly influenced by irrigation
number, available soil water depth and withholding
irrigation either with orwithout K fertilizer. Data show that
irrigation treatments were more effective on WCU than K
fertilizer. The highest values of WCU 1646 and 1524
m*feddan™ obtained from the interaction of full irrigation
and K fertilizer (W1 x K1), while the lowest ones 835 and
673 m*feddan™obtained from withholding three times
without K fertilizer (W7 x KO0) in both seasons. Although,
potassiumwas ineffective on water consumption use, but it
clearly affects translocate the carbohydrates in grains,
which enhanced grain size and ultimately causes higher
grain yield.

Table 9. Water consumptive use (WCU), water productivity (WP) and water productivity index (WPI) as
affected by Irrigation treatments and potassium application in 2013/2014 and 2014/2015 seasons

Irrigation K WCU (m*fed™) WP (kg m® AW) WPI (kg m*WCU)
2013/14 2014/15 2013/14 2014/15 2013/14 2014/15
W1(51-D60) - 1645 1524 1.43 1.43 2.25 2.30
W2 (51-D40) - 1525 1435 1.73 1.80 2.39 2.43
W3 (41-D40-M) - 1416 1238 1.83 1.96 247 2.74
W4 (41-D40-B) - 1327 1141 1.92 2.04 2.62 2.92
W5 (41-D40-J) - 1342 1198 1.92 2.01 2.61 2.83
W6 (31-D40-JB) - 1049 886 2.14 2.35 3.14 3.64
W7 (21-D40-JBM) - 837 674 244 2.61 3.87 4,53
KO 1303 1155 1.88 1.99 2.71 3.00
K1 1308 1158 1.95 2.07 2.81 3.11
W1(51-D60) KO 1643 1523 141 1.42 2.22 2.29
K1 1646 1524 1.45 1.44 2.27 231
W2 (51-D40) KO 1523 1430 1.70 1.78 2.36 241
K1 1527 1439 1.75 1.82 2.42 2.45
W3 (41-D40-M) KO 1413 1237 1.80 1.93 243 2.70
K1 1418 1239 1.86 1.99 2.50 2.77
W4 (41-D40-B) KO 1324 1140 1.89 2.02 2.58 2.89
K1 1330 1142 1.94 2.06 2.65 2.94
W5 (41-D40-J) KO 1339 1197 1.88 1.98 2.57 2.80
K1 1344 1198 1.95 2.03 2.65 2.86
W6 (31-D40-JB) KO 1045 886 2.08 2.30 3.06 3.57
K1 1052 886 2.20 2.39 3.21 3.71
W7 (21-D40-JBM) KO 835 673 2.36 2.49 3.75 4.32
K1 838 675 251 2.73 3.98 473

I=irrigation, D=depth of soil layer, J,Band M= withholding irrigation at jointing, booting and milking stages, respectively.
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3. Water productivity:

Grain yield per unit of applied water (AW) or
water consumptive use (WCU) in kg grain m3water
were used to determine water productivity. Data in
Table 9 show that water productivity (kg grain m?
water) for either AW or WCU was decreased by
increasing irrigation number and irrigation depth in both
seasons. Withholding irrigation at any growth stage
resulted in substantially increase in water productivity
for AW and WCU compared with full irrigation
(control) in both seasons. Withholding three irrigations
(W?7) recorded the highest values of water productivity
for AW to be 2.44 and 2.61 kg grain m™ water and for
WCU 3.87 and 453 kg grain m*> water, while The
control treatment full irrigation (W1) recorded the
lowest values of this trait for AW to be 1.43 and 1.43
kg grain m* water and for WCU, it was (2.25 and 2.30
kg grain m° water) in both seasons. In this
connection,Rizk and Sherif (2014) found that the
highest value of water use efficiency when irrigation
water was applied at 40 % available soil moisture for
grain. Guendouz et al. (2016) found that water deficit
increased water use efficiency. Tari (2016) reported that
irrigation water-use efficiencies varied between 0.51
and 1.17 kg m>. These results agree with those of Man
et al. (2016); Meleha (2016) and Tari (2016).

The water productivity for AW and WCU was
slightly increased by application of K fertilizer in both
seasons. The interaction between irrigation and K
fertilizer distinctly influenced the water productivity for
AW and WCU in both seasons. Application of K
fertilizer slightly increased the water productivity for
AW and WCU at the same irrigation treatment in the
two seasons. Withholding irrigation with K fertilizer
markedly increased the water productivity for AW and
WCU compared with full irrigation without K fertilizer
in both seasons. The highest value of water productivity
for AW to be 251 and 2.73 kg grain m™® water and for
WCU, it was 3.98 and 4.73 kg grain m™ water were
produced from withholding three times without K
fertilizer (W7 x K1), while the lowest values of this trait
for AW (L41and 1.42 kg grain m* water) and for WCU
(222 and 2.29 kg grain m> water) were produced from
the interaction of full irrigation and K fertilizer (W1 x
KO) in both seasons.

4. Crop coefficient (Kc):

The crop coefficient (Kc) is the outcome of crop
characteristics, climatic conditions and irrigation
frequency on crop water requirements. It represents the
relationship between reference evapotranspiration (ET,)
and actual crop evapotranspiration (ET,). Results of
calculated values of crop coefficient (Kc) from the best
treatment (three irrigation in 0-40 cm soil depth and
withholding one irrigation at J stage with K fertilizer,
W5 x K1) are shown in Table 10. Kc value increased
sharply from emergence to tillering stage and gradually
from tillering until milking (grain filling) stage, then it
severity decreased fromend milking stage to ripening in
both seasons. The maximum Kc value was at milking
growth stage. This was expected because of the fast
elongation occurred from jointing to heading stage and
the peak of dry matter accumulation occurred during

milking stage. The above mentioned stage is critical and
has been shown to have the highest water requirement
for wheat. The high soil moisture level was adapted in
the present study during this stage in which wheat can
be hurt the most when use exceeds supply.

The values of Kc for the best treatment (W5xK1)
according the Penman Monteith equation were 0.90,
1.10, 111, 117, 1.22, 1.26 and 0.38 for the growth
stages emergence, tillering , jointing, heading, milking
and ripening stages, respectively in the first season,
while these values were 0.84, 1.04, 1.11, 1.17, 1.24,
1.30and 0.33 in the second season. The maximum value
throughout the two seasons was during from heading to
milking stages.

At North Delta, Penman Monteith equation can
be used in determining the actual consumptive use and
the average of crop Coefficient (Kc) for the two seasons
was found to be 0.87, 1.07, 1.11, 1.17, 1.23, 1.28 and
0.35 during emergence, tillering , jointing, heading,
milking and ripening stages, respectively.

Fig. 10. Computed empirical coefficient (Kc) of wheat
cv. Misr 1 for the best combination between

irrigation treatment and K fertilizer (W5 x
K1) in2012/13 and 2013/2014 season.

2012/13 season 2013/14 season
Growth Actual Penman Actual Penman
stages WCU monteith Kc  WCU monteith Kc
(mm/day) (mm/day) (mm/day)(mm/day)
Emergence  1.40 156 0.90 1.39 165 0.84
Tillering 1.50 1.37 110 145 139 1.04
Jointing 1.52 1.37 111 161 145 111
Booting 2.21 1.89 117 218 187 1.17
Heading 3.01 246 122 244 197 124
Milking 3.83 3.05 126 263 203 130
Ripening 1.71 450 0.38 1.39 423 0.33
——2013/14  —&—2014/15 seasons
1.4
1.2

1.0 -

0.8 - \

0.6 \\

0.4 b 1
R

Kc

0.2

E T J B H M
Growth stages

Fig 5. Crop coefficient for W5 K; treatments in
2012/13 and 2013/14 seasons.

Abbreviations: Emergence (E), Tillering (T), Jointing
(J), Booting (B), Heading (H), Milking (M) and
Ripening (R)
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