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ABSTRACT 
 

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 (W1) 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 (W2) 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 (W4) at B stage; withholding (W5) at J stage; withholding (W6) at J and B stages and withholding (W7) 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 2O 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 W1 and W2 in spike No. m-2, spike length, kernel No. spike-1, 1000-kernel weight, grain weight spike-1 , straw and 
grain yields in both seasons .No significant differences in the most of these traits were noticed among withholding irrigation 
treatments of W3, W4 and W5 that received  four irrigation and W1 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 m3/fed. and water 
consumptive use values   were 1584, 1480, 1327, 1234,1270, 967 and 755 m3/fed. over the two seasons for W1, W2,W3,W4,W5, 
W6 and W7, respectively. Withholding irrigation treatments of W7 resulted in the highest water productivity to be 2.5 kg grain m-
3 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 
 

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 
(FAO, 2015).  

 Possibilities to expand cultivated acreage in 
Egypt are limited by water scarcity. The challenge for 
the coming decades will be increasing wheat production 
with optimization of supplemental irrigation (Hafez and 
Gharib, 2016). The improve of water-use efficiency 
(WUE) is the most serious tool for increasing crop 
production with less water (Tari, 2016). 

Several studies conducted to irrigation based on 
measuring soil moisture content in different soil layers 
and withholding water throughout different plant growth 
stages (Man et al., 2015; Maqbool et al., 2015 and Yi et 
al., 2013). The highest grain yield and water use 
efficiency were attained in testing the soil water content 
at soil layer 0-40 cm compare to 0-20 or 0-60 cm (Guo 
et al., 2014 and Man et al., 2016). 

Mbave (2013) concluded that water-stress 
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 

gave the highest WUE of 14.9 kg ha-1 mm-1 and reduced 
water use by 27%. Gupta et al. (2001) found that 
number of grains, test weight, grain yield, 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, 
photosynthesis, stomatal regulation and osmotic 
regulation, osmotic potential, sugar translocation and 
water uptake  (Damon et al., 2011; Pettigrew, 2008 and 
Wang et al., 2013). Imran et al. (2015)  reported that 
potassium improve crop tolerance to water stress by well 
developed root system and accelerated the maximum 
water uptake and improved water use efficiency. Raza et 
al. (2014) concluded that application of potassium 
improve leaf water potential, osmotic potential, turgor 
potential , spike length, number of grain per spike and 
grain yields under water stress. 

The objectives of this work were 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 
 

MATERIALS AND METHODS 
 

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 15.5 kg 
P2 O5 /feddan in the form of calcium superphosphate 
(15.5 % P2 O5 ) during soil preparation. 
 
Table 1. Soil physical properties for the experimental 

field in 2013/2014 and 2014/2015 seasons 
Soil depth 
(cm) 

Field capacity % Wilting point % Bulk density (g/cm3) 
2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 

0 - 20 44.46 42.82 24.19 23.16 1.10 1.16 
20 - 40 39.03 38.92 21.22 21.21 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 
cm depth) in 2013/14 and 2014/15 seasons. 

Season pH 
(1:2.5) 

EC 
(ds/m) 

O rganic 
matter(%) 

Available 
N (ppm) 

Available 
P(ppm) 

Available 
K (ppm) 

2013/14 8.20 3.0 1.6 19.8 15.6 390 
2014/15 8.06 2.8 1.5 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 1 ) 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 2 ) 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 5) at J stage; withholding (W6) at J 
and B stages and withholding (W 7 ) at J,B and M stages.  
All withholding 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 cm soil 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.   

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

Serial I. No. Depth (cm) Stress stage Symbol Tillering (T) Jointing (J) Booting (B) Heading (H) Milking(M) 
W1 5 0-60 without 5I-D60 √ √ √ √ √ 
W2 5 0-40 without 5I-D40 √ √ √ √ √ 
W3 4 0-40 M 4I-D40-M √ √ √ √ × 
W4 4 0-40 B 4I-D40-B √ √ × √ √ 
W5 4 0-40 J 4I-D40-J √ × √ √ √ 
W6 3 0-40 JB 3I-D40-JB √ × × √ √ 
W7 2 0-40 JBM 3I-D40-JBM √ × × √ × 

I = irrigation, D = depth of available  soil  moisture ,  √ = irrigation, × = withholding irrigation.  
Potassium fertilizer was used as follows: 
K0 : without K fertilizer (control) 
K1 : application of 24 kg K2O in the form of potassium sulphate (48 %  K2O)  as top dressing in two equal doses (the first at sowing and the 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 assigned to irrigation treatments 
and sub-plots to potassium application. The sub plot size was 
20 m2 (4 X 5 m). To avoid the effect of lateral movement of 
irrigation water, the main plots were isolated by levees 1.5 m 
wide. Wheat seed was drilled by hand in rows 20 cm a part 
at the rate of 50 kg seed feddan-1 on 20 and 21 November in 
first and second seasons, respectively. Each plot included 10 
rows. Nitrogen fertilizer in the form of urea (46% N) was 
applied at the rate 75 kg N feddan-1 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 m-2

 
(Spikes No. m-2), spike length (cm), number of kernels per 
spike (Kernels No. spike-1), grain weight per spike (g spike-1) 
and 1000-grain weight (g) measured and taken at harvest. 
The harvest at maturity was 151 and 156 days from sowing 
in both seasons. The central area of 8 m2 (2 X 4 m) were 
harvested and threshed to determine grain and straw yield (t 
feddan-1). 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 cm soil depth to 
60 cm was 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 60 cm before and after irrigation to calculate water 
consumptive use (WCU) of wheat plants according to 
Israelsen and Hansen (1962) equation as follows:  
       4200 D B.d

100
θ-θ  WCU 12 ×××=      

Where: 
WCU = Amount of water consumptive use (m3/feddan). 
θ2  = Soil moisture content % after irrigation. 
θ 1  = Soil moisture content % before the next irrigation. 
B.d = Bulk density (g/cm3). 
D = Depth of soil layer (m). 

Water productivity for applied water (WP water 

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

 

)ha/(mwater  Applied
ha)(kg/  Yield  WP 3appliedwater  =  
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)ha/(m use veconsumpitiwater 
(kg/ha) Yield  WP 3use econsumptivwater =  

 

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

ETo
ETa

=Kc Reference evapotranspiration (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.   
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Fig. 1. Amount of monthly rainfall in 2013/2014 and         
2014/2015 seasons. 
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Fig. 2. Mean monthly of Temperature (oC) in 

2013/2014 and 2014/2015 seasons. 
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Fig. 3. Mean monthly of relative humidity percentage 

in 2013/2014 and 2014/2015 seasons. 
 

B. Yield components: 
1. Irrigation effect: 

Irrigation treatments had significant effect on 
spikes number m-2, spike length, kernels number spike-1, 
1000-kernel weight and grain weight spike-1 in both 
seasons (Table 4 and 5). 

Irrigation treatment of W 1  that received five 
irrigation resulted in significant increase in spikes number m-

2 compared with four, three or two irrigations to the soil 
depth of 0-40 cm along with prevent irrigation at jointing 
growth stage (W 5, W 6 and W 7) in both seasons. There were 
no significant differences in this trait among five irrigation 
between W1,W2 and irrigation of W 3 at milking stage in the 
two seasons. Withholding one irrigation at booting stage 
(W 4 ) were statistically at par with the mentioned three 
treatments (W1, W 2  and W 3 ) in spikes number m-2 in the 
first season, but it significantly reduced this trait than them in 
the second season. This may be due to increase rainfall 
amount in the first season than the second season at this 
stage. 

Data in Table 4 show that withholding irrigation at 
jointing growth stage markedly reduced spikes number m-2 
in both seasons. Water stress during jointing stage 
accelerates tiller death which causes reduction in number of 
survival active tillers (spikes number m-2).Mehasen et al. 
(2014) reported that skipping irrigation at tillering, 
elongation and heading growth stages decreased number of 
spikes m-2 compared with skipping irrigation at filling stage. 
Also, Mekkei and El Haggan (2014) concluded that 
application of five irrigations at different wheat growth 
stages resulted in higher number of spikes m-2, while 
skipping irrigation at stem elongation or booting or anthesis 
stage caused a reduction in number of spikes m-2.These 
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results are 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-2, spike length, number of kernels spike-1 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-2) Spike Length (cm) Kernels (No spike-1) 1000-kernel weight (g) 
2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 

Irrigation:         
W1 5I-D60 444 a 441 a 11.89 a 12.1 a 70.7 a 72.7 a 47.04 a 46.69 a 
W2 5I-D40 442 a 436 a 11.72 ab 11.96 b 69.1 ab 72.1 ab 46.74 a 46.72 a 
W3 4I-D40-M 439 ab 432 a 11.69 ab 11.94 b 68.1 ab 70.5 ab 46.19 ab 45.89 b 
W4 4I-D40-B 423 ab 409 b 11.57 ab 11.94 b 67 bc 68.7 bc 46.48 a 46.26 ab 
W5 4I-D40-J 420 b 410 b 11.49 ab 11.91 b 68.3 ab 69.4 abc 46.67 a 46.29 ab 
W6 3I-D40-JB 399 c 406 bc 11.34 ab 11.79 c 64.6 c 66.2 cd 46.25 a 46.14 b 
W7 2I-D40-JBM 394 c 394 c 11.1 b 11.51 d 61 d 63.2 d 45.47 b 45.35 c 

 F test * ** * * ** * ** ** 
Kg K 2O fed.-1:         
K 0 0 421 b 414 b 11.45 11.85 66.1 67.7 b 46.18 b 46.04 b 
K 1 24 425 a 422 a 11.64 11.91 67.8 70.3 a 46.64 a 46.34 a 

 F test * * NS NS NS ** ** * 
Interaction ** * NS NS * * * * 
* and ** indicate P<0.05 and P<0.01. Means in each factor designated by the same latter are not significantly different at 5% level using 

Duncan’s Multiple Range Test. I= irrigation, D= depth of soil layer, J,B and M= withholding irrigation at jointing, booting 
and milking stages, respectively.   

 

Table 5. Grain weight spike-1, straw yield, grain yield and harvest index of wheat cv. Misr1 as affected by 
irrigation treatments and potassium application in 2013/14 and 2014/15 seasons.     

Factor Grain weight (g spike-1) Straw yield (t feddan-1) Grain yield (t feddan-1) Harvest  index 
2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 

Irrigation:         
W1 5I-D60 3.328a 3.396a 6.574a 6.655a 3.693a 3.5065a 0.36d 0.345c 
W2 5I-D40 3.228a 3.369ab 6.233a 6.512ab 3.641a 3.4825a 0.366d 0.35bc 
W3 4I-D40-M 3.146ab 3.235ab 6.038ab 6.287ab 3.503ab 3.387ab 0.366d 0.351bc 
W4 4I-D40-B 3.115ab 3.179bc 6.002ab 6.145ab 3.489ab 3.33b 0.369cd 0.348bc 
W5 4I-D40-J 3.188ab 3.215abc 5.746ab 6.072ab 3.472ab 3.385ab 0.379bc 0.358ab 
W6 3I-D40-JB 2.988b 3.052cd 5.256bc 5.915bc 3.288bc 3.227c 0.385ab 0.353abc 
W7 2I-D40-JBM 2.776c 2.868d 4.966c 5.351c 3.231c 3.048d 0.394a 0.363a 

 F test * * ** ** ** ** * * 
Kg K 2O fed.-1:         
K 0 0 3.055b 3.116b 5.774 6.048b 3.410b 3.284b 0.372 0.352 
K 1 24 3.165a 3.259a 5.887 6.219a 3.538a 3.392a 0.376 0.353 

 F test * ** NS * * ** NS NS 
Interaction ** * * ** * ** * * 
• and ** indicate P<0.05 and P<0.01. Means in each factor designated by the same latter are not significantly different at 5% level using 

Duncan’s Multiple Range Test.I= irrigation,  D= depth of soil layer,  J,B and M= withholding irrigation at jointing, booting and 
milking stages, respectively. 

   

 

Abundance of available soil moisture in irrigation 
treatment of W 1  resulted in a significant increase in 
spike length compared to withholding irrigation three 
times (W 7 ) 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 
caused a significant decrease in number of kernels spike-1 
than W 1 treatment in the two seasons. W 1  irrigation 
treatment recorded the greatest number of kernels spike-1 
followed by W 2 , W 3 and W 5 treatments in the two seasons. 
Kernel number is determined in the end of jointing and 
onset booting stages without significant 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 W 1  
or W 2  irrigation treatments resulted in substantial 
increase in 1000-kernal weight compared W 7  treatment 
in both seasons. Irrigation treatment of W 3  markedly 
decreased 1000-kernal weight in the second season 
compared with W 2  treatment, but they were statistically 
equal in this respect in 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-1 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-1 among irrigation treatments of W 1 , W 3 , W 4 
and W 5 , except W 4  in the second season. This is due to 
decrease number of kernel spike-1 by shortage water 
irrigation at booting stage along with little irrigation in the 
second seasons, whereas, weight of spike grain is resulted 
from kernel number spike-1 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-2, 1000-kernel weight and grain weight spike-

1 in both seasons and kernels number spike-1 in the 
second season. Application of 24 kg K2 O feddan-1 
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-1 through increasing weight kernel 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-2, kernels number spike-1, 1000-kernel weight 
and grain weight spike-1 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-2, spike length, number of kernels spike-1 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.     

Irrigation K Spikes (No M-2) Kernels (No spike-1) 1000-kernel weight (g) 
2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 

W1(5I-D60) K 0 442 ab 436 abc 70.2 ab 72.4 a 46.88 ab 46.47abc 
K 1 447 a 446 a 71.3 a 73.1 a 47.20 a 46.90 a 

W2 (5I-D40) K 0 438 ab 433 abc 68.0 ab 71.6 ab 46.57 a-d 46.53 ab 
K 1 446 a 439 ab 70.1 ab 72.6 a 46.92 ab 46.92 a 

W3 (4I-D40-M) K 0 437 ab 428 a-d 67.5 ab 68.8 abc 45.94 cde 45.8 cde 
K 1 442 ab 436 abc 68.7 ab 72.2 ab 46.45 a-d 45.97 bcd 

W4 (4I-D40-B) K 0 420 abc 405 cde 65.9 a-d 66.2 bcd 46.23 bcd 46.10 bcd 
K 1 425 abc 413 a-e 68.1 ab 71.2 ab 46.74 abc 46.43 abc 

W5 (4I-D40-J) K 0 418 bc 407 b-e 66.6 abc 67.8 a-d 46.41 a-d 46.20 bc 
K 1 421 abc 413 a-e 70.0 ab 71.1 ab 46.93 ab 46.38 abc 

W6 (3I-D40-JB) K 0 396 d 401 de 64.1 bcd 64.3 cd 46.02 b-e 45.97 bcd 
K 1 402 cd 410 bcde 65.1 a-d 68 a-d 46.48 a-d 46.30 abc 

W7 (2I-D40-JBM) K 0 394 d 389 e 60.6 d 62.5 d 45.19 e 45.22 e 
K 1 394 d 398 de 61.5 cd 64 cd 45.76 de 45.47 de 

I= irrigation  D= depth of soil layer  J,B and M= withholding irrigation at jointing, booting and milking stages, respectively.  * and ** 
indicate P<0.05 and 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.  
 

Data in Table 6 show that W 5  treatment 
adversely affected spikes number m-2 but potash 
application ameliorated the adverse effect of stress by 
increasing this trait, statistically similar to irrigation 
treatment of W 1  with K application in both seasons. W 1 
treatment and 24 kg K2 O feddan-1 produced the greatest 
spikes number m-2, while irrigation treatment of W 7 
without K fertilizer produced the lowest one in both 
seasons. W 2 , W 3  and W 4  irrigation treatments with 
either K or no K were statistically at par with the 
irrigation treatment of W 1 with K application. 

Data in Table 6 show that water deficit at booting 
stage (W 4 ) without K fertilizer significantly decreased 
number of kernel spike-1 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 W 1 . 
Adding k fertilizer positively affected number of kernel 
spike-1 at shortage water at booting stage in the second 
season. There were no significant differences in number 
of kernel spike-1 among W 1 , W 2 , W 3  and W 6  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 1  and 
W 2  with or without potassium fertilizer compared to W 3 , 
W 4  and W 5 in both seasons.  Data showed that withholding 
irrigation significantly reduced  the weight of 1000-kernrl 
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 the increase in 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 1  and W 2  irrigation 
treatments with or without K fertilizer, being insignificant, 
increased grain weight spike-1 than irrigation treatment of 
W 7  in both seasons. Adding potassium fertilizer decreased 
the negative effect of withholding irrigation at each of 
jointing, booting and milking stages alone or at jointing and 
booting stages together on grain weight spike-1 in both 
seasons. Withholding irrigation at the mentioned stages with 
K fertilizer was statistically similar to full irrigation (control) 
in the grain weight spike-1 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-1 at no K fertilizer to equal that at full 
irrigation with or without K fertilizer.  The trend of grain 
weight spike-1 is similar to those of kernel number spike-1 
and similar discussion could be cited. 
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Table 7. Grain weight spike-1, straw yield, grain yield and harvest index of wheat cv. Misr1 as affected by the 
interaction between irrigation treatments and potassium application in 2013/14 and 2014/15 seasons.     

Irrigation K Grain weight (g spike-1) Straw yield (t feddan-1) Grain yield (t feddan-1) Harvest index 
  2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 
W1(5I-D60) K 0 3.291a 3.364ab 6.537a 6.538ab 3.653ab 3.485ab 0.358d 0.348cd 
 K 1 3.365a 3.428a 6.61a 6.772a 3.733a 3.528a 0.361d 0.343d 
W2 (5I-D40) K 0 3.167ab 3.332ab 6.146abc 6.487ab 3.591abc 3.444ab 0.369bcd 0.347cd 
 K 1 3.289a 3.406ab 6.319ab 6.536ab 3.69a 3.521a 0.369bcd 0.35bcd 
W3 (4I-D40-M) K 0 3.101abc 3.151a-d 6.022abc 6.235abc 3.433a-d 3.341bc 0.363cd 0.349bcd 
 K 1 3.191ab 3.319abc 6.053abc 6.338ab 3.544abc 3.433ab 0.369bcd 0.351bcd 
W4 (4I-D40-B) K 0 3.047abcd 3.052cde 5.993abc 6.133abc 3.422a-d 3.298c 0.363cd 0.35bcd 
 K 1 3.183ab 3.306abc 6.01abc 6.157abc 3.522abc 3.362abc 0.369bcd 0.353abc 
W5 (4I-D40-J) K 0 3.091abc 3.132bcd 5.617bcd 6.033bc 3.441a-d 3.348bc 0.38b 0.357abc 
 K 1 3.285a 3.298abc 5.874abc 6.11abc 3.565abc 3.422ab 0.378bc 0.359ab 
W6 (3I-D40-JB) K 0 2.95bcd 2.956de 5.101d 5.815bc 3.197de 3.165d 0.385ab 0.352a-d 
 K 1 3.026a-d 3.148a-d 5.41cd 6.014bc 3.379bcd 3.289c 0.384ab 0.354abc 
W7 (2I-D40-JBM) K 0 2.739d 2.826e 4.999d 5.093d 3.13e 2.905e 0.385ab 0.363a 

 K 1 2.814cd 2.91de 4.932d 5.608cd 3.332cde 3.191d 0.403a 0.363a 
I= irrigation  D= depth of soil layer  J,B and M= withholding irrigation at jointing, booting and milking stages, respectively. 
* and ** indicate P<0.05 and 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 

index as affected by irrigation treatments and potassium 
application in 2013/14 and 2014/15 seasons are 
presented in Table 5.  
1. Irrigation effect: 

Irrigation treatments had significant effect on straw 
yield, grain yield and harvest index in 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 1  produced 
the highest straw yield without any significant differences 
than W 2 , W 3 , W 4  and W 5  irrigation treatments in both 
seasons. The lowest straw yield was obtained from W 7  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 
straw yield (ton ha-1) compared with full irrigation in both 
seasons. These results are 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 1  and W 2  soil layers, being 
insignificant, resulted in a significant increase in grain 
yield compared to W 3 , W 4 , W 5  and  W 6 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 4  had no significant effect on 
grain yield compared with full irrigation (W 1 ), because 
the amount of rainfall was increased and compensated 
the negative effect. These treatments decreased grain 
yield through decreasing number of spikes m-2 and 
kernels spike-1. There were no significant differences in 
grain yield among full irrigation (W 1 ) and withholding 
irrigation treatments of W3 and W 5  in the two seasons. 
This may be due to the increase in yield components 
namely   number of spikes m-2, kernels spike-1, 1000-
kernel weight and grain weight spike-1. 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 3 , 
W 4  and W 4 resulted in significant increase in harvest 
index compared with W 1  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 K2O 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 1 ) without 
significant difference than W 2, W 3 and W 4 treatments with 
or without K fertilizer in both seasons. The lowest straw 
yield was obtained from W 7  irrigation treatment with or 
without K fertilizer in the two seasons. Withholding 
irrigation of W 5 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 cm soil layer 
(W 1 ) with K application in both seasons. The increase in 
straw yield was related by increasing number of tillers per 
unite area. 

Data in Table 7 show that W 3  and W 4  irrigation 
treatments without potassium fertilizer significantly 
decreased grain yield in the second season, but the 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 from full 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,W2 and W5 
with or without K fertilizer and W 4 or W 3  treatments with 
k application in both seasons. Abundance of available soil 
moisture with K fertilizer increased grain yield through 
increasing number of spikes m-2, kernels spike-1, 1000-
kernel weight and grain weight spike-1. Data indicate an 
integration of water deficit and potassium fertilization on 
grain yield. El-Ashry and El-Kholy (2005) reported that 
spraying wheat plants 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 
grain yield could be achieved from wheat cultivar WS-82-
9 giving normal irrigation and sprayed with 3.0% K2 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 W 7 with or without K fertilizer significantly 
resulted in significant increase in harvest index compared 
with full irrigation to 0-60 cm soil layer (W 1 ) with or 
without K fertilizer in both seasons.  W 6 and 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 total amounts of the effective rainfall 
during the two growing seasons were 190.0 and 102.33 m3 
fed-1 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 harvest as 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 1  that irrigated 
five times recorded the highest values of seasonal 
applied water to be 2583 and 2452 m3 feddan-1, while 
withholding irrigation at J, B and M stages  recorded the 
lowest values 1325 and 1167 m3/feddan in the two 
seasons. Withholding irrigation at any growth stage 
resulted in practically reduced in seasonal compared 
with full irrigation treatment of W 1 (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 (m3 fed-1) as affected by Irrigation and potassium 
treatments in 2013/2014 and 2014/2015 seasons. 

Irrigation 
treatments 

Water applied (m3 fed-1) Seasonal water applied (m3 fed-1) water saving (m3 fed-1) 
2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 

W1 5I-D60 2393 2350 2583 2452 - - 
W2 5I-D40 1923 1835 2113 1937 470 515 
W3 4I-D40-M 1713 1625 1903 1727 680 725 
W4 4I-D40-B 1624 1528 1814 1630 769 822 
W5 4I-D40-J 1639 1585 1829 1687 754 765 
W6 3I-D40-JB 1345 1275 1535 1377 1048 1075 
W7 2I-D40-JBM 1135 1065 1325 1167 1258 1285 
I= irrigation  D= depth of soil layer  J,B and M= withholding irrigation at jointing, booting and milking stages, respectively. 
   

Full irrigation treatment of W 2  in the shallow soil 
layer 0-40 cm saved 470 and 515 m3 of irrigation water 
than W 1  (control) treatment in both seasons. Withholding 
irrigation treatment of W 7  saved 1258 and 1285 m3 of 
irrigation water per feddan than W 1  (control) treatment in 
both seasons. Withholding irrigation treatments of W 3  and 
W 5  saved 680  and 754  m3 irrigation water in the first 
season and 725 to 765 m3 in the second season than  full 
irrigation treatment of W 1 . 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 2  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 1  in both 
seasons (Fig. 4). In this connection, Meleha (2016) 
reported that the seasonal values of water applied can be 
descended in 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 evaporation not 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 1  in the two seasons. Withholding 
irrigation treatments W 7  that irrigated twice recorded 
the lowest values of WCU 837 and 674 m3 feddan-1, 
while full irrigation treatment of W 1  during entire 
seasons recorded the highest values 1645 and 1524 m3 
feddan-1 in the two seasons. Data indicated 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 
(W7) recorded the lowest values of WCU 837 and 674 
m3 feddan-1, while five irrigation in 0-60 cm soil depth 
(W 1 ) during entire seasons recorded the highest values 
1645 and 1524 m3 feddan-1 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 / m2 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). 
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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 of irrigation 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 or without K fertilizer. Data show that 
irrigation treatments were more effective on WCU than K 
fertilizer. The highest values of WCU 1646 and 1524 
m3feddan-1 obtained from the interaction of full irrigation 
and K fertilizer (W1 x K1), while the lowest ones 835 and 
673 m3feddan-1obtained from withholding three times 
without K fertilizer (W7 x K0) in both seasons. Although, 
potassium was 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 (m3fed-1) WP (kg m3 AW) WPI (kg m3WCU) 
  2013/14 2014/15 2013/14 2014/15 2013/14 2014/15 
W1(5I-D60) - 1645 1524 1.43 1.43 2.25 2.30 
W2 (5I-D40) - 1525 1435 1.73 1.80 2.39 2.43 
W3 (4I-D40-M) - 1416 1238 1.83 1.96 2.47 2.74 
W4 (4I-D40-B) - 1327 1141 1.92 2.04 2.62 2.92 
W5 (4I-D40-J) - 1342 1198 1.92 2.01 2.61 2.83 
W6 (3I-D40-JB) - 1049 886 2.14 2.35 3.14 3.64 
W7 (2I-D40-JBM) - 837 674 2.44 2.61 3.87 4.53 

 K0 1303 1155 1.88 1.99 2.71 3.00 
 K1 1308 1158 1.95 2.07 2.81 3.11 

W1(5I-D60) K0 1643 1523 1.41 1.42 2.22 2.29 
 K1 1646 1524 1.45 1.44 2.27 2.31 

W2 (5I-D40) K0 1523 1430 1.70 1.78 2.36 2.41 
 K1 1527 1439 1.75 1.82 2.42 2.45 
W3 (4I-D40-M) K0 1413 1237 1.80 1.93 2.43 2.70 
 K1 1418 1239 1.86 1.99 2.50 2.77 
W4 (4I-D40-B) K0 1324 1140 1.89 2.02 2.58 2.89 
 K1 1330 1142 1.94 2.06 2.65 2.94 
W5 (4I-D40-J) K0 1339 1197 1.88 1.98 2.57 2.80 
 K1 1344 1198 1.95 2.03 2.65 2.86 
W6 (3I-D40-JB) K0 1045 886 2.08 2.30 3.06 3.57 
 K1 1052 886 2.20 2.39 3.21 3.71 
W7 (2I-D40-JBM) K0 835 673 2.36 2.49 3.75 4.32 

 K1 838 675 2.51 2.73 3.98 4.73 
I= irrigation,  D= depth of soil layer,  J,B and 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 m-3water 
were used to determine water productivity. Data in 
Table 9 show that water productivity (kg grain m-3 
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 
(W7) recorded the highest values of water productivity 
for AW to be 2.44 and 2.61 kg grain m-3 water and for 
WCU 3.87 and 4.53 kg grain m-3 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-3 water and for WCU, it was (2.25 and 2.30 
kg grain m-3 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−3. 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 2.51 and 2.73 kg grain m-3 water and for 
WCU, it was 3.98 and 4.73 kg grain m-3 water were 
produced from withholding three times without K 
fertilizer (W7 x K1), while the lowest values of this trait 
for AW (1.41and 1.42 kg grain m-3 water) and for WCU 
(2.22 and 2.29 kg grain m-3 water) were produced from 
the interaction of full irrigation and K fertilizer (W1 x 
K0) 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 (ETo ) 
and actual crop evapotranspiration (ETa). 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 from end 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, 1.11, 1.17, 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, 
1.30 and 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) in 2012/13 and 2013/2014 season. 

Growth 
stages 

2012/13 season 2013/14 season 
Actual 
WCU 

(mm/day) 

Penman 
monteith 
(mm/day) 

Kc 
Actual 
WCU 

(mm/day) 

Penman 
monteith 
(mm/day) 

Kc 

Emergence 1.40 1.56 0.90 1.39 1.65 0.84 
Tillering 1.50 1.37 1.10 1.45 1.39 1.04 
Jointing 1.52 1.37 1.11 1.61 1.45 1.11 
Booting 2.21 1.89 1.17 2.18 1.87 1.17 
Heading 3.01 2.46 1.22 2.44 1.97 1.24 
Milking 3.83 3.05 1.26 2.63 2.03 1.30 
Ripening 1.71 4.50 0.38 1.39 4.23 0.33 
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Fig 5. Crop coefficient for W5 K1  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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 التأثیر المتكامل بین منع الرى فى بعض مراحل النمو و سماد البوتاسیوم على المحصول و إنتاجیة المیاه فى القمح

   ۲محمـد إبراھـیم ملیـحـة  و  ۱ھانى صبحى غریب
 مصر. - جامعھ كفر الشیخ – كلیة الزراعة –قسم المحاصیل  ۱
 مصر. -یاه معھد بحوث إدارة الم –المركز القومى لبحوث المیاه  ۲

 

معھ�د بح�وث  –كف�ر الش�یخ -بمزرع�ة محط�ة بح�وث المقنن�ات المائی�ة بالقرض�ا ف�ى ترب�ة طینی�ة  ۱لقمح مصر على  صنف ا أجریت تجربتین حقلیتین
 س��نة الثانی��ةالكفرالش��یخ خ��لال  -والثانی�ة بمنطق��ة ال��رى المطوربالوزاری��ة ۲۰۱۳/۲۰۱٤ المرك��ز الق��ومي لبح��وث المی��اه ف��ى الس��نة الأول��ى –إدارة المی�اه 

لدراس�ة ت�أثیر تكام�ل من�ع ال�رى عن�د بع��ض مراح�ل النم�و م�ع الس�ماد البوتاس�ى عل�ى محص��ول القم�ح والعلاق�ات المائی�ة. إس�تخدم ف�ى ھ��ذه    ۲۰۱٥/۲۰۱٤
رب�ة للس�عة الحقلی�ة عل�ى الدراسة سبع معاملات ري  ، تم تنفیذھا بعد ریة الزراعة. وقد تم ال�رى عل�ى أس�اس إض�افة كمی�ة المی�اة اللازم�ة لوص�ول رطوب�ة الت

Wس�م ف�ى ب�اقى المع�املات. وش�ملت مع�املات ال�رى: (٤۰-۰سم فى معاملة المقارنة وعل�ى عم�ق  ٦۰-۰عمق  م�رات بعم�ق  ٥معامل�ة المقارن�ة ت�م ال�رى  )1
W( سم بواقع ریة واحدة عند كل مرحلة م�ن مراح�ل النم�و: التفری�ع ، الإس�تطالة، الح�بلان، ط�رد الس�نابل، الط�ور اللبن�ى، ٦۰  ٤۰م�رات بعم�ق  ٥) ال�رى 2

Wسم ، ( 3 ،W 4 ،W Wسم ومنع ال�رى م�رة واح�دة عن�د مرحل�ة الإس�تطالة أو الح�بلان أو الط�ور اللبن�ى، ( ٤۰مرات بعمق ٤) الرى 5 م�رات  ۳) ال�رى 6
Wسم ومنع الرى مرتین عن�د مرحلت�ى الإس�تطالة و الح�بلان، ( ٤۰بعمق عن�د مراح�ل الإس�تطالة و س�م ومن�ع ال�رى ث�لاث م�رات  ٤۰) ال�رى  م�رتین بعم�ق7

K2كج�م  ۲٤) إض�افة K1) ب�دون إض�افة ، (K0الحبلان و الطور اللبنى. وتم أس�تخدام مع�املتین م�ن الس�ماد البوتاس�ي: ( O  ارض�ى للف�دان ث�م ال�رش م�رتین
W(معامل�ة الس�جلت  % من كبریتات البوتاسیوم.   أثرت معاملات الري معنویا على جمی�ع الص�فات المدروس�ة ف�ي ك�لا الموس�مین.۲بمحلول  أعل�ى الق�یم ) 1

حب��ة ووزن حب�وب الس�نبلة ومحص��ول الق�ش ومحص�ول الحب��وب  -۱۰۰۰ف�ى ع�دد الس�نابل ب��المترالمربع و ط�ول الس�نبلة و ع��دد الحب�وب بالس�نبلة و وزن 
W(بالف�دان یلیھ�ا معامل��ة ال�رى  Wإس�تخدام مع��املات ال�رى (ب�دون ف��روق معنوی�ة ف��ى الموس�مین. أدى  )2 W(أو   )7 ل��ى إنخف�اض معن��وي ف�ى معط��م إ) 6

Wالصفات السابقة عن معاملة المقارنة فى كلا الموسمین. بینما لم تختلف مع�املات من�ع ال�رى م�رة واح�دة ( 3 ،W 4 ،W ) ع�ن معامل�ة المقارن�ة ف�ى معظ�م 5
ة الأمط�ار ف�ي الموس�م الأول ال�ى تع�ویض الصفات السابقة وخاصة فى الموسم الأول حیث كانت كمیة الأمطار أعلى عن الموس�م الث�انى. فق�د أدت زی�ادة كمی�

Wإس�تخدام معامل��ة ال�رى (العج�ز ف�ى الم��اء الن�اتج م��ن من�ع ال��رى م�رة واح�ده ف��ي مراح�ل النم��و الم�ذكورة س��ابقا. ق�د أدى  حب��ة  ۱۰۰۰ال��ى نق�ص وزن ) 5
Wالمعاملة ( W(ارن�ة ومع�املات ال�رى الى نقص عدد الحبوب بالس�نبلة. ل�م یوج�د ف�رق معن�وى ف�ي محص�ول الحب�وب ب�ین معامل�ة المق )4 W) أو (3 ف�ى  )5

وم. وق�د أث�ر التفاع�ل الموسمین. وقد أدى التسمید البوتاسى الى زیادة معنویة فى جمیع الصفات السابقة فیم�ا ع�دا ط�ول الس�نبلة بالمقارن�ة بع�دم إض�افة البوتاس�ی
ت�ة ف�ى الموس�مین فیم�ا ع�دا ط�ول الس�نبلة. وق�د أدى إس�تخدام بین معاملات الرى والسماد البوتاس�ى معنوی�ا عل�ى محص�ول الق�ش ومحص�ول الحب�وب ومكونا

زادت  السماد البوتاسى مع معاملات ال�رى ال�ى تقل�یص الأث�ر الس�لبى لمع�املات حج�ب ال�رى عن�د بع�ض مراح�ل النم�و عل�ى معظ�م الص�فات الس�ابق ذكرھ�ا.
الحص�اد بزی�ادة ع�دد م�رات ال�رى وزی�ادة عم�ق الترب�ة المس�تخدم ف�ى  كمیة میاه الرى المستخدمة وكمیة المیاه المس�تھلكة ط�وال الموس�م م�ن الزراع�ة وحت�ى

/ف�دان كمتوس�ط للموس�مین و ك�ان متوس��ط ۳م ۱۲٤٦و  ۱٤٥٦، ۱۷٥۸ ، ۱۷۲۲، ۱۸۱٥،  ۲۰۲٥، ۲٥۱۷. كان�ت كمی�ات المی�اة المس�تخدمة ك�لا الموس�مین
W ال�رى ف�ى مع�املات /فدان۳م ۷٥٥و   ۹٦۷، ۱۲۷۰،  ۱۳۲۷،۱۲۳٤، ۱٥۸٤،۱٤۸۰الإستھلاك المائى  1 ،W 2 ،W 3 ،W 4 ،W 5 ،W 6 ،W عل�ى  7

ادة . وقد أدى حجب الرى عند أى مرحلة وتقلیل عمق الرطوبة الى إنخفاض كبی�ر ف�ى كمی�ة می�اه ال�رى المس�تخدمة وكمی�ة المی�اه المس�تھلكة وال�ى زی� الترتیب
م�اء) ع�ن معامل�ة المقارن�ة ف�ى ك�لا الموس�مین. وك�ان ت�أثیر الس�ماد  ۳/مإنتاجیة المیاة (كفاءة إستخدام المیاة) للماء المستخدم أو للإستھلاك الم�ائى (كج�م حب�وب

  Penman Monteith ف�ي ش�مال ال�دلتا، یمك�ن اس�تخدام معادل�ة  بنم�ان مونتی�ثالبوتاسى طفیف جدا لایذكر على الإستھلاك المائى ولكن�ة حس�ن الإنتاجی�ة. 
ف���ى  ۰.۳٥و  ۱.۲۸، ۱.۲۳، ۱.۱۷، ۱.۱۱، ۱.۰۷، ۰.۸۷) للموس��مین Kcص��ول (معام��ل المحف��ي تحدی��د الاس��تھلاك الم��ائى الفعل��ي ووج��د أن متوس��ط 

 ٤یس�تنتج م�ن النت�ائج أن أفض�ل المع�املات ھ�ى ال�رى   مراحل التفریع ، الإستطالة، الحبلان، طرد السنابل، الط�ور اللبن�ى ، وط�ور النض�ج، عل�ى الت�والي.
للبن�ى لتمیزھ�ا بمحص�ول الحب�وب الع�الى ال�ذى لایختل�ف معنوی�ا ع�ن معامل�ة المقارن�ة مرات مع حجب ال�رى م�رة واح�دة عن�د مرحل�ة الإس�تطالة أو الط�ور ا

 (الموصى بھا) مع إستخدام كمیة أقل من میاة الرى والإستھلاك المائى في محافظة كفر الشیخ .
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