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ABSTRACT 

 
 Two filed experiments were conducted during ۲۰۱۲ and ۲۰۱۳ seasons at the 
Experimental Farm of Rice Research and TraIning Center, Sakha, KafrEl-Sheikh, 
Egypt. The experiment aimed to study the effect of irrigation intervals and potassium 
splitting on Egyptian hybrid one (EHR۱) rice cultivar. The study was performed in strip 
plot design with four replications. The irrigation intervals; irrigation every ۳, ٦ and ۹ 
days were placed in the horizontal plots, while the potassium splitting treatments, 
namely; K۱: All basal (B), K۲: ½ B + ½ mid tillering (MT), K۳: ⅓ B + ⅓ MT + ⅓ panicle 
initiation (PI) and  K٤: ¼ B + ¼ MT + ¼ PI + ¼ booting stage (BT) were distributed in 
the vertical plots.  Some growth characteristics, chlorophyll content, leaf area index 
and dry matter production m-۲ were assessed at heading stage. Yield and yield 
attributes were measured at harvest .Some water relations were also estimated during 
current study. 
 The resulted indicated that irrigation intervals had significant effect on all 
studied traits in both seasons of study. The prolonging irrigation intervals up to ۹ days 
significantly reduced rice growth, yield attributing characteristics, rice grain and straw 
yields as well as harvest index. The irrigation intervals every ۳ and ٦ days were 
placed at the same level of significant in both seasons of study regarding the rice 
growth, yield contributes, grain yield and harvest index. The irrigation interval every 
۳days treatment consumed the highest amount of total applied water (۱۳٤۹۲٫۹ and 
۱۳٦۰۹٫۸m/۳ ha-۱) with the lowest values of water use efficiency (۰٫۸۱۱ and ۰٫۸۱٤ kg/m۳) 
during first and second  seasons, respectively. The irrigation interval of ۹ days gave 
the highest values of yield reduction (۱۸٫۰۱ and ۱۹.۲۲٪), water save (۲۰٫۲۳ and ۲۱٫٥۰ 
%) and medium value of water use efficiency (۰٫۸۳۳ and ۰٫۸۳۸ kgm-۳) in ۲۰۱۲ and 
۲۰۱۳ seasons, respectively. The irrigation interval of ٦ days had the highest values of 
water use efficiency (۰٫۸۹٤ and ۰٫۸۹۹ kgm-۳) with mild yield reduction of (۱٫٦٥ and 
۱٫۸۱٪) and its water save was amounted to be ۱۰٫۷٦ and ۱۱٫۰۳٪ in the first and 
second seasons, respectively. 
 The potassium split treatments significantly improved rice growth, yield 
contributes, rice grain and straw yields as well as harvest index comparing to one 
dose application as basal. The potassium splitting into four equal  doses, ¼ B + ¼ MT 
+ ¼ PI + ¼ BT significantly surpassed the rest of treatments whereas; it gave the 
highest values of all measured traits, while potassium application as one dose gave 
the lowest values of all measured traits under current study in both seasons. The 
potassium split into four equal doses gave the highest values of water use efficiency 
(۰.۸۹۷ and ۰٫۹۰٥kgm-۳) in both seasons of study. Generally,  both of potassium 
splitting into three equal doses, ⅓ B + ⅓ MT + ⅓ panicle initiation (PI) and potassium 
splits into equal four doses were placed in the same group regarding superiority effect 
on dry matter gm-۲, number of paniclesm-۲, total number of grainspanicle-۱, number of 
filled grainspanicle-۱, ۱۰۰۰-grain weight, grain yield, straw yield and harvest index as 
well as water productivity.  
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The interaction between irrigation intervals and potassium treatments had 
significant effect on chlorophyll content, leaf area index, dry matter production m-۲(only 
in ۲۰۱۲ season), plant height cm, and number of paniclesm-۲, number of total grains 
panicle-۱, number of filled grains panicle-۱, ۱۰۰۰-grain weight, grain yield, straw yield 
and harvest index in both seasons of study. Generally, the results of interaction 
proved that irrigation interval of ٦ days could be recommended for rice cultivation with 
potassium splitting in four equal doses to save water and high water use efficiency. 

It could be concluded that the potassium splits in to four equal doses including 
PI and booting stage could be recommended under ٦ days irrigation interval to ensure  
high grain yield and water productivities. Potassium splitting applications at critical 
different rice growth stages confirms an adequate amount of potassium supply at the 
correct time mitigating the adverse effect of water stress and produced considerably 
yield.  
 Keywords, Rice, hybrid rice, irrigation, potassium splits, water use efficiency. 

 
INTRODUCTION 

  

Water scarcity under climate change and overpopulation in Egypt 
threats agriculture production, especially rice, since rice crop is big consumer 
crop water. Because of continued population growth and economic 
developments, the demand for fresh water to meet industrial and domestic 
needs is also competitor for agriculture production in Egypt affecting food 
security. Therefore, it is expected that, in near future, less water will be 
available for rice growing. Thereby, developing new technology for water 
save in paddy fields without yield reduction is a main mission for rice 
scientists in Egypt ensuring food sustainability. Furthermore, water efficient 
irrigation regimes for rice have been tested, advanced, applied and 
distributed in different regions in Egypt. 

The reduced water inputs and increased water productively of rice 
grown just under saturated soil conditions were compared with traditional 
flooding rice (Tabbal et al., ۲۰۰۲).  Zayed et al. (۲۰۰۷) found that prolonging 
irrigation interval from three to nine days significantly decreased chlorophyll 
content, leaf area index, yield attributing traits and rice grain yield. The 
irrigation intervals of ۳ and ٦ day were at apar in rice grain yield and most of 
grain yield components. The irrigation intervals of ٦ days gave the highest 
values of water use efficiency, while the ۹ days irrigation interval gave the 
lowest one.  Majied (۲۰۱۲) and El-Habet, Howida (۲۰۱٤) stated that watering 
at various irrigation intervals induce variation in rice growth, yield attributing 
traits and grain yield, as well as water use efficiency and water save. El 
Refaee et al. (۲۰۰۸ and ۲۰۱۲) found that rice growth and grain yield and its 
components were significantly affected by irrigation intervals. They pointed 
out that irrigation every ۳ days while, saturation treatments induced ۳-٥٪ 
reduction in grain yield and gave higher water productivity.  

Balanced, integrated and efficient use of fertilizers, among other inputs, 
has a potential to increase crop productivity provided the problems related to 
soil sustainability, fertilizer use efficiency and declining crop response ratio 
are addressed appropriately. Development of practices to improve the 
efficiency of nutrients requires an understanding of the fate of the applied 
nutrient and their effect on crop production. Greater opportunities exist for 
increased crop production by increasing rate, timing and improving 
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management of potassium fertilizer. Among the major plant nutrients, 
potassium is the most abundant plant nutrient in soils. Continuous and an 
adequate potassium nutrition supply  of rice plants at certain growth stage 
under abiotic stress involving water stress is being an effective in talking  
water stress harmful resulted in contentment rice grain yield. 

Zayed (۲۰۰۲) found that potassium application for rice crop under water 
stress significantly alleviated the stress of salt and water withholding. 
However, potassium significantly improved rice growth, grain yield 
components and grain yield .thereby, increasing the efficiency of potassium 
mode of action under stresses could be achieved by potassium splitting. 
Velaysyauthan et al.(۱۹۹۲), Poonam et al.(۱۹۹۳) Ghoshi et al.(۱۹۹٥), 
Devasenapathy (۱۹۹۷), Thakur et al.(۱۹۹۹), Meena et al. (۲۰۰۳) ,Natarajan et 
al. (۲۰۰٤), Ramteke et al. (۲۰۰٤) and Zayed et al. (۲۰۰٦) reported that rice 
crop preformed better when splitting application of potassium was followed 
over one doses as basal application of potassium was flowed over one doses 
as ٥۰٪basal+۲٥٪ at tillering stage+۲٥٪ at panicle initiation (PI) or ۱/۳ 
babal+۱/۳ Tillering stage (T)+۱/۳ panicle initiation (PI) were the most effective 
splits ,whereas they significantly increased rice growth, all yield attributing 
traits and grain yield ,as well as nutrient contents leaf, such as ۷۰٪ basal+۳۰٪ 
panicle dressing significantly increased seed setting, number of filled grains 
,۱۰۰۰-grain weight, N and K uptake at heading and grain yield of rice crop. 
Pillal and Aiasuya (۱۹۹۷) claimed that the maintenance of K+ concentration in 
the three leaves at the levels higher than ۲٫۷٦ at the mid tillering stage was 
too much essential for achieving maximum grain yield.  Ravichandran and 
Sriramachandraekharan (۲۰۱۱) and Uddin et al.(۲۰۱۲) stated that potassium 
splitting application was found to be effective in improving rice growth, yield 
and yield attributes than those obtained by one dose application as basal. 
They also found that potassium splits at panicle initiation or booting stage 
was efficient in improving chlorophyll content, leaf characteristics, other 
growth traits, yield and yield components. Zayed et al.(۲۰۰۷) claimed that 
triple potassium as ۱/۳B+۱/۳MT+۱/۳PI  could be recommend under water 
stress regarding rice growth, yield component, yield and water use efficiency. 

The present study aimed to tested rice water productivity as affected 
by irrigation and potassium splitting treatments for hybrid rice. 

 
MATERIALS AND METHODS 

 
Two field experiments were conducted at the Experimental Farm of Rice 
Research and Training Center (RRTC), Sakha,  Kafr El-Sheikh, Egypt during 
summer seasons of ۲۰۱۲ and ۲۰۱۳ to study the effect of irrigation intervals 
and potassium splitting  on Egyptian Hybrid one rice cultivar. Before land 
preparation, soil samples were taken into ۰-۳۰ cm depth of soil surface from 
the experimental sites during the two seasons of study. The soil samples 
were completely mixed, dried and grounded, then, physically and chemically 
proprieties were analyzed according to Black et al. (۱۹٦٥). The physical and 
chemical proprieties of experimental sites were presented in Table ۱.  

 ۹۷٥ 
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Table ۱: Physical and chemical analysis of the experimental sites during 
۲۰۱۲ and ۲۰۱۳ seasons 

Characters ۲۰۱۲ ۲۰۱۳ 
Physical analysis: 
Sand (%) 
Silt (%) 
Clay (%) 
Soil texture 

 
۱۷.۰ 
۲۸٫۰ 
٥٥.۰ 

Clayey 

 
۱٦.٥ 
۳۰٫۰ 
٥۳.٥ 

Clayey 
Chemical analysis: 
E.C. (ds/m) 
Organic matter (%) 
pH 

 
۲٫۱٥ 
۱٫۹۱ 
۸٫۰۳ 

 
۲.۰۰ 
۱٫۹۳ 
۷٫۹۸ 

Available N (ppm) 
P (ppm) 
K (ppm) 
Fe (ppm) 
Zn (ppm) 

۲۹ 
۱۳ 
۳٥۲ 
٤.۰٥ 
۱.۰۹ 

۳۰ 
۱٤ 
۳٥٦ 
٥.۱۰ 
۱٫۰۰ 

 
Egyptian hybrid one rice cultivar was used in this study .The 

experiment were laid out in strip plot design with four replications.  The 
horizontal plots were devoted to three irrigation intervals; irrigation every ۳, ٦ 
and ۹ days. Meanwhile, potassium splitting treatments; K۱: All basal (B), K۲: 
½ B + ½ mid tillering (MT), K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI) and K٤: 
¼ B + ¼ MT + ¼ PI + ¼ boating (BT) were distributed in the vertical plots. 
The plot size was ۱۲ m۲ (۳x٤m) 
   The experimental sites were well tillage. Pre-germinated seeds were 
broadcasted in the nursery on ۲ and ٥ of May in ۲۰۱۲ and۲۰۱۳ seasons, 
respectively. Seeds at the rate of ۲٤ kg /ha were soaked in excess of water 
for ۲٤ hours and further incubated for another ۳٦ hours to enhance 
germination. Two seedlings ۲٥ days old, were transplanting at ۲۰x۲۰ cm 
distance between hills and rows. The weeds were controlled chemically using 
Saturn ٥۰٪ at the rate of ٥ liters /ha at four days after transplanting. The 
nitrogen in the form of urea (٤٦٫٥% N) at the rate of ۱٦٥ kg/ha was applied as 
recommended in two doses; ۲/۳ basal application+ ۱/۳ at panicle initiation. 
The recommended phosphorous in the form of calcium super phosphate 
(۱٥٫٥٪ P۲O٥) at the rate of ۳۷kg/ha was applied before land preparation.  The 
potassium in the form of potassium sulphate at the rate of ٥۰kgK۲O ha-۱was 
applied as it indicated above. Zinc fertilizer at the rate of ۲٤ kg ZnSO٤ ha-۱ 
was mixed with sand and manually broadcasted before transplanting. Then, 
the irrigation treatments were applied as aforementioned ۱۰ days after 
transplanting. Each Irrigation treatment was tightly separated by ditches with 
۲ m wide and ۱ m depth to isolate each other. 

At heading stage, plant samples of five hills from each plot were 
randomly collected to estimate chlorophyll content (SPAD value),   leaf are 
index (LAI) and dry matter production g m-۲ according to Yoshida et al. 
(۱۹۷٦).Leaf area index is the ratio between the leaf area (cm۲) of the plant 
divided by ground area occupied by the plant (cm۲) and chlorophyll content 
was estimated by chlorophyll meter (Model Li۳۰۰۰L). 

At harvest, panicles of five random hills from each plot were counted, 
then converted to number of panicles m-۲ and plant height (cm) was 
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measured.  Ten main panicles from each plot were randomly packed to 
determine number of total grains panicle-۱, number of filled grains panicle -۱ 
and ۱۰۰۰-grain weight.  

Area of ۱۰ m۲  from   central rows in  each plot were harvested, dried, 
threshed, then grain and straw yields were determined at ۱٤ % moisture 
content and converted into t ha-۱.  

The volume of irrigation water applied in each plot was measured by 
a calibrated   water   meter with water pump. The amount water for land 
preparation of permanent field was recorded as well as water required for 
irrigation treatments of all experiments.  Water use efficiency was calculated 
as the weight of grains per unit of irrigation water   received during crop 
growth (kg grains m-۳ water input) according to Michael (۱۹۷۸).  

All data collected were subjected to standard statistical analysis 
following the proceeding described by Gomez and Gomez (۱۹۸٤) using the 
computer program (MSTAT). The treatment means were compared using 
Duncan's multiple range test Duncan (۱۹٥٥). * and ** symbol used in all 
Tables indicate the significant at ٥٪ and ۱٪ levels of  probability, respectively, 
while, NS means not significant.  

 
RESULTS AND DISCUSSIONS 

 
Irrigation intervals effect: 

Data presented in Table ۲ revealed that chlorophyll content, leaf area 
index (LAI) and dry matter production (g m-۲) significantly decreased, when 
rice irrigated every ۹ days. Meanwhile, the irrigation interval of ٦ days gave 
the highest values of the previous-mentioned traits without any significant 
differences with those obtained by irrigation every ۳ days in the both seasons 
of study. Data in the same table indicated that irrigation every ۳ days gave 
the highest chlorophyll content followed by irrigation every ٦ days. 
Meanwhile, irrigation every ۹ days gave the least values of chlorophyll 
content. Couple irrigation intervals of ۳ and ٦ days was at the same level of 
significant regarding leaf area index and dry matter production in both 
seasons of study. The decrease in the previously mentioned characters might 
be due to high osmotic pressure outside plant cell, water imbalance inside the 
plant resulted in decline in cell division and elongation as well as degradation 
in chlorophyll consequently reduction in photosynthesis and dry matter 
production. Similar data had been reported by Yang et al. (۲۰۰۲), El- Ekhtyar 
(۲۰۰٤), Zayed et al. (۲۰۰۷) and Majid (۲۰۱۲)  

Results of variance analysis show that the measured properties, 
plant height,  number of panicles m-۲, total grains number panicle-۱ and 
number of filled grains panicle-۱ had a significant difference in irrigation 
intervals (Table ٦). Prolonging irrigation interval up to ۹ days significantly 
inhibited the yield attributes giving the lowest values of those traits. The 
irrigation intervals every ۳ days exhibited the highest values of the number of 
paniclesm-۲, total number of grains panicle-۱ and filled grains number panicle-۱ 
followed by irrigation intervals every ٦ days without significant differences 
with those produced by irrigation interval every ۳ days regarding the plant 
height in both seasons and number of panicles m-۲ in the first season as well 
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as number of filled grainspanicle-۱ in second season (Table ٦). Since water 
stress significantly restricted rice growth and might other metabolism 
processes of rice plants as well as increasing catabolism against anabolism 
that resulted poor yield attributes. Similar results under had been reported by 
El-Ekhtyar (۲۰۰٤) and Ali et al. (۲۰۱۲) as well as El-Habet, Howida (۲۰۱٤). 

Data inserted in Table ۱۱ showed that the irrigation intervals had 
significant effect on ۱۰۰۰- grain weight, grain and straw yields as well as 
harvest index in both seasons of study. The irrigation intervals every ۳ days 
gave the highest values of ۱۰۰۰-grain weight, grain and straw yields as well 
as harvest index in both study seasons. Interestingly, the irrigation treatments 
of ۳ and ٦-days interval were statically placed at the same group regarding 
the۱۰۰۰-gain weight, grain and straw yields in both season of study as well as 
harvest index in ۲۰۱۲ season. Thereby, the irrigation interval of ٦ days could 
be recommended under current water shortage and HER۱ cultivar as tolerant 
variety for water stress keeping high yield with save water. The minimum 
values of ۱۰۰۰- grain weight, grain and straw yields as well as harvest index 
were produced when rice plants were subjected to irrigation interval of ۹ days 
in both seasons of study (Table۱۱). Water stress significantly restricted yield 
components particularly, plant population unit area-۱ and panicle 
characteristics, whereas the water stress might be affected panicle peduncle 
elongation, low assimilates translocation due to more exertion of ABA which 
blocks this translocation, affecting current photosynthesis resulted in low 
grain filling rate leading to light panicle, low filled grains and high sterility% 
and ultimately low yield. As previously mentioned, stress restricts rice growth 
during the early growth stages and poor vegetative growth might have 
resulted in fewer assimilates, lower carbohydrate formation, dry matter 
production and poor population leading to poor yield attributes. A second 
possibility is that the stresses might block stored assimilates to grains 
resulting in poorly-filled grains panicle-۱ and high sterility% by releasing more 
abscisic acid (ABA). Yet another possibility is stress-induced interference with 
photosynthesis resulting in poor grain filling and subsequent high sterility, 
light panicles and poorly-filled grains panicle-۱ because of shorter active grain 
filling periods.  Drought is an abiotic stress, and it affects plants at various 
levels of their organization. Under prolonged drought, many plants will 
dehydrate and die. Water stress in plants reduces the plant-cell’s water 
potential and turgor, which elevate solute concentrations in the cytosol and 
extracellular matrices. As a result, cell enlargement decreases leading to 
growth inhibition and reproductive failure (Ali et al., ۱۹۹۹), which is followed 
by accumulation of abscisic acid (ABA) and compatible osmolytes like 
proline, which cause wilting. Drought not only affects plant-water relations 
through the reduction of water content, turgor and total water, but it also 
affects stomatal closure, limits gaseous exchange, reduces transpiration and 
arrests carbon assimilation (photosynthesis) rates 
( Razak et al., ۲۰۱۳). Negative effects on mineral nutrition (uptake and 
transport of nutrients) and metabolism leads to a decrease in the leaf area 
and alteration in assimilate partitioning among the organs that could by 
potassium application to ensure an adequate potassium content of plant  Ali 

 ۹۷۸ 



J. Plant Production,  Mansoura Univ., Vol. (٦) ٥, June, ۲۰۱٤ 

et al., ۱۹۹۹ and Razak et al., ۲۰۱۳).  Similar results were claimed by El-
EKhtyar (۲۰۰٤) and Majid (۲۰۱۲). 
 
Table ۲: Some growth patterns of Egyptian Hybrid Rice ۱ cultivar as 

affected by irrigation intervals and potassium split application 
during ۲۰۱۲ and ۲۰۱۳ seasons. 

Treatments 
Chlorophyll content 

(SPAD value) Leaf area index (LAI) Dry matter (gm-۲) 

۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ 
Irrigation intervals (I): 
۳ days 
٦ days 
۹ days 

 
٤۳٫۹۰a 
٤۲٫۱۷b 
۳٦٫٦۰c 

 
٤۲٫۸۱a 
٤۱٫۱۷b 
۳٦٫۸٥c 

 
۷٫۰۸a 
٦٫۸٥a 
٥٫۹۱b 

 
٦٫۸۳a 
٦٫٦٦a 
٥٫٥٦b 

 
۱٥٦۲a 
۱٤٤۱a 
۱۱٥۹b 

 
۱٥۷۹a 
۱٤٥٦a 
۱۲۰٥b 

F. Test ** ** ** ** ** ** 
Potassium split application 
(k): 
K۱ 
K۲ 
K۳ 
K٤ 

 
۳٦٫٦۹d 
۳۸٫۷۰c 
٤۳٫۲۰b 
٤٤٫۹۰a 

 
۳٥٫۸۳d 
۳۹٫۱۱c 
٤۲٫۳۰b 
٤۳٫۸۷a 

 
٥٫٦۱d 
٦٫۱۱c 
۷٫۲٦b 
۷٫٤۷a 

 
٥٫٤٥c 
٥٫۸۹b 
٦٫۹٥a 
۷٫۱۲a 

 
۱۱٤۸b 
۱۲٤۲b 
۱٥٥٤a 
۱٦۰٥a 

 
۱۱۹٦b 
۱۳۲٥b 
۱٥۲۸a 
۱٦۰٤a 

F. Test ** ** ** ** ** ** 
I x K Interaction: ** ** ** ** * Ns 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
*,** and N.S.:  Significant at ۰٫۰٥ and ۰٫۰۱ levels and not significant, respectively. 
K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K: ٤¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
 
Table ۳: Effect of the interaction between irrigation intervals and 

potassium split application on chlorophyll content (SPAD 
value) of Egyptian Hybrid Rice ۱ cultivar during ۲۰۱۲ and 
۲۰۱۳ seasons. 

Potassium split 
application (k): 

Irrigation intervals (I) 
۲۰۱۲ ۲۰۱۳ 

۳ days ٦ days ۹ days ۳ days ٦ days ۹ days 
K۱ 
K۲ 
K۳ 
K٤ 

۳۹٫۲۷ef 
٤۲٫۳٦d 
٤٦٫۱۲b 
٤۷٫۸٤a 

۳۸٫۳۷f 
۳۹٫۸۹e 
٤٤٫٦٥c 

٤٥٫۷۹bc 

۳۲٫٤۳h 
۳۳٫۸٥g 
۳۸٫۸۹ef 
٤۱٫۲۸d 

۳۸٫٤٦de 
٤۰٫۸٤cd 
٤٥٫۳۷ab 
٤٦٫٥٥a 

۳۷٫۱۱e 
۳۹٫٤۷de 
٤۳٫۲٥bc 
٤٤٫۸٦ab 

۳۱٫۹۳f 
۳۷٫۰۱e 

۳۸٫۲۷de 
٤۰٫۱۹d 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
 

Table ٤:Effect of the interaction between irrigation intervals and 
potassium split application on leaf area index (LAI) of 
Egyptian Hybrid Rice ۱ cultivar during ۲۰۱۲ and ۲۰۱۳ seasons. 

Potassium split 
application (k): 

Irrigation intervals (I) 
۲۰۱۲ ۲۰۱۳ 

۳ days ٦ days ۹ days ۳ days ٦ days ۹ days 
K۱ 
K۲ 
K۳ 
K٤ 

٦٫۲٥e 
٦٫٤٦d 
۷٫۷۸a 
۷٫۸٤a 

٥٫۸۱f 
٦٫۹۲de 
۷٫٥۳b 

۷٫٦٥ab 

٤٫۷۸h 
٥٫٤٦g 
٦٫٤۸d 
٦٫۹۲c 

٦٫۰٦e 
٦٫۳۲cd 
۷٫٤۳ab 
۷٫٥۲a 

٥٫۷٤f 
٦٫۲٥cd 
۷٫۲۸b 

۷٫۳۷ab 

٤٫٥٤h 
٥٫۱۱g 

٦٫۱۳de 
٦٫٤٦c 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
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Table ٥:Effect of the interaction between irrigation intervals and 
potassium split application on dry matter (g/m۲) of Egyptian 
Hybrid Rice ۱ cultivar during ۲۰۱۲ and ۲۰۱۳ seasons. 

Potassium split application (k): 
Irrigation intervals (I) 

۲۰۱۲ 
۳ days ٦ days ۹ days 

K۱ 
K۲ 
K۳ 
K٤ 

۱۲۹۸ef 
۱٤٥۷d 

۱۷۱٤ab 
۱۷۷۹a 

۱۲٤۸f 
۱۲۹۷ef 
۱٥۸٤c 
۱٦۳٦bc 

۸۹۹g 
۹۷۳g 

۱۳٦٥def 
۱۳۹۹de 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
 
Potassium split effect: 
  Potassium splitting significantly improved affected chlorophyll 
content, leaf area index and dry matter production measured at heading that 
is hold true at both seasons (Table۲). 

Data in Table ۲ clarify those four equal splits of potassium as B+ 
MT+PI+ BT gave the highest values of growth parameters in both seasons of 
study followed by triple splits. The potassium application in one dose gave 
the lowest values of growth traits comparing to split treatments.  Furthermore, 
yield attributing characteristics, grain yield, straw yield and harvest index of 
HER۱ were markedly affected by potassium split application in both seasons 
of study (Tables ٦, ۱۱). Potassium splitting into four equal doses gave the 
maximum means of panicle characteristics; field grainspanicle-۱, ۱۰۰۰-grain 
weight and yield properties such as grain yield, straw yield and harvest index 
that are hold true in both seasons. At the same time, couple potassium 
treatments of triple and tetra ones were placed at the same level of significant 
in both seasons regarding the panicle characteristics, grain yield, straw yield 
and harvest index in both seasons of study (Tables ٦ &۱۱). The panicle 
numbers m-۲ recorded its maximum mean, when potassium was applied into 
three equal doses in both seasons of study (Table٦). The minimum values of 
yield attributes was recorded, when rice plants were received the applied 
potassium in one dose as basal application. Plant height of rice plants 
reached it maximum mean when rice plants were received its potassium 
requirement into four equal doses (Table ٦).  Interestingly, potassium 
application in one dose, as basal, significantly failed to exert any 
improvement in rice growth or enhancing its water stress withstanding. The 
splitting, including dressing at panicle initiation and the beginning of booting 
stage showed its superiority in enhancing rice tolerance to water stress, 
subsequently improved rice growth and grain yield. Also, the potassium 
application at the mid tillering or tillering stage with panicle initiation  as well 
as booting stage encourage rice plant to grow healthy under such stress. The 
tetra potassium splitting as following; ۱/٤ basal+۱/٤maximum tilling (MT) +۱/٤ 
panicle initiation (PI) +۱/٤ booting stage (BT) significantly improved all studied 
traits. The tetra potassium splitting was found to be efficient to reduce the 
spikelet sterility, which gave the lowest values of unfilled grain panicle-۱ in 
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terms of sterility. The one dose application of potassium, as triple or tetra 
equal doses might encourage early and fast rice growth, which was more 
convenient under either water stresses. Also, the triple and /or tetra  splits of 
potassium might increase rice tolerance of  water stress, epically at sensitive 
growth stage such as panicle initiation and mid booting stage enhancing 
photosynthesis rate, kept the normal osmotic of plant cell and its turgid 
pressure, increased stored carbohydrate at per-heading and boosted more 
reproductive tillers formation. Moreover, triple and tetra potassium split 
application might be significantly increased nitrogen, potassium and 
chlorophyll leaf contents at heading, resulted in delaying leaf senescence 
occurred under water and salt stresses during grain filling. Furthermore, tetra 
and triple application of potassium might increase potassium leaf content 
results in more translocation of stored carbohydrates in stem leaf sheaths 
and other storage organs to grains, leading to high sink capacity. 
subsequently, more potassium leaf content of flag leaf might be enhancing 
the efficiency of current photosynthesis during active filling period resulted in 
improving panicle characteristics; leading to high grain yield. In addition, tetra 
and triple potassium application in the study greatly  might increase 
potassium leaf content and nitrogen resulted  in more Riblouse ۱،٥ di-
phosphate carboxylase oxygenase, which delay aging and increase 
photosynthesis rate resulted in more carbohydrates to grains, leading to high 
sink capacity and, ultimately, higher grain yield. High potassium leaf content 
might be enable rice plants to be water stress tolerance by organizing 
stomata conductance well as (Zayed, ۲۰۰۲). Similar data have been reported 
by El-Habet,Howida(۲۰۱٤) and Zayed et al.(۲۰۰۷). 
 
Table ٦:Some yield components of Egyptian Hybrid Rice۱ cultivar as 

influenced by irrigation intervals and potassium split application 
during ۲۰۱۲ and ۲۰۱۳ seasons. 

Treatments 
Plant height cm Number of 

panicles/m۲ 
Total number of  
grains /panicle 

Number of filled 
grains/panicle 

۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ 
Irrigation intervals 
(I): 
۳ days 
٦ days 
۹ days 

 
۱۰٤٫٦a 
۱۰٥٫۲a 
۱۰۱٫۱b 

 
۱۰۷٫٤a 
۱۰٥٫٥a 
۱۰۱٫٦b 

 
٥٦۱a 
٥٥۳a 
٤۳٤b 

 
٥۷۳a 
٥٦۲b 
٤٤٦c 

 
۱٦۰٫٥a 
۱٥٤٫٦b 
۱۳٤٫۱c 

 
۱٦٦٫۲a 
۱٦۲٫۱b 
۱۳۹٫۷c 

 
۱٥۱٫۷a 
۱٤٥٫٦b 
۱۲۰٫۸c 

 
۱٥٥٫۰a 
۱٥۱٫۷a 
۱۲٥٫۲b 

F. Test ** ** ** ** ** ** ** ** 
Potassium split 
application (k): 
K۱ 
K۲ 
K۳ 
K٤ 

 
 

۱۰۱٫۳c 
۱۰۳٫٦b 
۱۰٤٫۹b 
۱۰۷٫۱a 

 
 

۱۰۱٫٦b 
۱۰٤٫٤c 
۱۰٥٫٦b 
۱۰۷٫٦a 

 
 

٤٤٥c 
٤۹۹b 
٥٦٤a 
٥٥٥a 

 
 

٤٥٤d 
٥۰۱c 
٥۸۳a 
٥٦۹b 

 
 

۱۳٦٫۹b 
۱٤۲٫٤b 
۱٥۷٫۱a 
۱٦۲٫٥a 

 
 

۱٤٤٫٤b 
۱٤۸٫۷b 
۱٦۳٫۰a 
۱٦۷٫۸a 

 
 

۱۲٥٫٤b 
۱۳۰٫۹b 
۱٤۸٫۳a 
۱٥۳٫۰a 

 
 

۱۳۰٫٤b 
۱۳٦٫۷b 
۱٥۲٫۷a 
۱٥٦٫۳a 

F. Test ** ** ** ** ** ** ** ** 
I x K Interaction: ** ** ** * ** ** ** ** 
Means: followed by the same litter (s) are not significantly different, according to DMRT. 
*,** and N.S.:  Significant at ۰٫۰٥ and ۰٫۰۱ levels and not significant, respectively. 
K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
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Table ۷: Effect of the interaction between irrigation intervals and 
potassium split application on plant height (cm) of Egyptian 
Hybrid Rice ۱ cultivar during ۲۰۱۲ and ۲۰۱۳ seasons. 

Potassium split 
application (k): 

Irrigation intervals (I) 
۲۰۱۲ ۲۰۱۳ 

۳ days ٦ days ۹ days ۳ days ٦ days ۹ days 

K۱ 
K۲ 
K۳ 
K٤ 

۱۰٤٫۱ef 
۱۰٥٫۹cd 
۱۰٦٫۷bc 
۱۰۸٫۹a 

۱۰۲٫۸fg 
۱۰٤٫۳e 
۱۰٦٫۱cd 
۱۰۷٫۷ab 

۹۷٫۰۲i 
۱۰۰٫٦h 
۱۰۲٫۰gh 
۱۰٤٫٤de 

۱۰٥٫۳c 
۱۰٦٫۷bc 
۱۰۸٫٥ab 
۱۰۹٫۰a 

۱۰۲٫۷d 
۱۰٥٫۱c 
۱۰٦٫۰c 

۱۰۸٫۱ab 

۹٦٫۸٤e 
۱۰۱٫٤d 
۱۰۲٫۳d 
۱۰٥٫۸c 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
 
Table ۸: Effect of the interaction between irrigation intervals and 

potassium split application on number of Panicles /m۲ of 
Egyptian Hybrid Rice ۱ cultivar during ۲۰۱۲ and ۲۰۱۳ 
seasons. 

Potassium split 
application (k): 

Irrigation intervals (I) 
۲۰۱۲ ۲۰۱۳ 

۳ days ٦ days ۹ days ۳ days ٦ days ۹ days 
K۱ 
K۲ 
K۳ 
K٤ 

٥۰۱d 
٥۳٤c 
٦۱۲a 
٥٦۹ab 

٤۸۹de 
٥۳۱c 

٦۰٥ab 
٥۸۷b 

۳٤٤g 
٤۳۲f 
٤۷٦e 
٤۸۳de 

٥۰٤d 
٥٤۲c 
٦۲۷a 
٦۱۸a 

٤۹۹d 
٥۳۹c 

٦۱۲ab 
٥۹٦b 

۳٥۸f 
٤۲۳e 
٥۰۹d 
٤۹۲d 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
 
Table ۹:Effect of the interaction between irrigation intervals and 

potassium split application on number of total grains panicle-۱ 
of Egyptian Hybrid Rice ۱ cultivar during ۲۰۱۲ and ۲۰۱۳ 
seasons. 

Potassium split 
application (k): 

Irrigation intervals (I) 
۲۰۱۲ ۲۰۱۳ 

۳days ٦ days ۹ days ۳days ٦ days  ۹ days 
K۱ 
K۲ 
K۳ 
K٤ 

۱٤۹٫٥cd 
۱٥٦٫۰bc 
۱٦٥٫۷a 
۱۷۰٫۹a 

۱٤۲٫٤d 
۱٤٦٫۸cd 
۱٦۱٫٥ab 
۱٦۷٫۹a 

۱۱۸٫۸e 
۱۲٤٫٤e 
۱٤٤٫۲d 
۱٤۸٫۹cd 

۱٥٤٫٤c 
۱٥۸٫۸bc 
۱۷۳٫٦a 
۱۷۷٫۹a 

۱٥۱٫۷c 
۱٥٥٫٤c 

۱٦۸٫٥ab 
۱۷۲٫۹a 

۱۲۷٫۲d 
۱۳۱٫۹d 
۱٤٦٫۹c 
۱٥۲٫٦b 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
K۱: All basal (B). K۲: ½ B + ½ mid tillering (MT). 
K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
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Table ۱۰: Effect of the interaction between irrigation intervals and 
potassium split application on number of filled grains/panicle 
of Egyptian Hybrid Rice ۱ cultivar during ۲۰۱۲ and ۲۰۱۳ 
seasons. 

Potassium split 
application (k): 

Irrigation intervals (I) 
۲۰۱۲ ۲۰۱۳ 

۳ days ٦ days ۹ days ۳ days ٦ days ۹ days 
K۱ 
K۲ 
K۳ 
K٤ 

۱۳۸٫۸d 
۱٤٦٫۸c 

۱٥۸٫۱ab 
۱٦۳٫۲a 

۱۳۳٫۹d 
۱۳٦٫٥d 
۱٥٤٫۳b 

۱٥۷٫۸ab 

۱۰۳٫٥e 
۱۰۹٫٦e 
۱۳۲٫٤d 
۱۳۷٫۹d 

۱٤۲٫۸cd 
۱٥۰٫۷bc 
۱٦٦٫۹a 

۱٥۹٫٦ab 

۱۳۸٫۳cd 
۱٤۱٫۷cd 
۱٥۷٫٦ab 
۱٦۹٫۳a 

۱۱۰٫۲e 
۱۱۷٫٦e 
۱۳۲٫۹d 
۱٤۰٫۱cd 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
K۱: All basal (B). K۲: ½ B + ½ mid tillering (MT). K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
 
Table ۱۱: ۱۰۰۰-grain weight, grain and straw yields and harvest index of 

Egyptian Hybrid Rice ۱ cultivar as affected by irrigation 
intervals and potassium split application  during  ۲۰۱۲ and 
۲۰۱۳ seasons. 

 Means: followed by the same litter (s) are not significantly different, according to DMRT. 
*,** and N.S.:  Significant at ۰٫۰٥ and ۰٫۰۱ levels and not significant, respectively. 
K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
 
Interaction effects: 

Regarding the interaction effect, data analysis variance stated that 
the interaction between irrigation intervals and potassium split treatments had 
significant effect on chlorophyll content, leaf area index and dry matter 
production-m-۲, of Egyptian hybrid one rice cultivar in both seasons of study 
(Tables۳, ٤ and ٥). The best combination was potassium splitting in equal 
four doses of B+MT+PI+BT with irrigation interval of ٦day without any 
significant differences with those of three splits under ۳ and ٦ irrigation 
intervals. On the other hand, the combination of ۹ days irrigation interval with 

Treatments 
۱۰۰۰- grain 

weight 
Grain yield 

(t/ha) 
Straw yield 

 (t/ha) Harvest index 

۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ 
Irrigation intervals 
(I): 
۳ days 
٦ days 
۹ days 

 
۲٦٫۱۸a 
۲٥٫۷۷a 
۲٤٫٦۲b 

 
۲٦٫۱۹a 
۲٥٫۸۳a 
۲٤٫۳۸b 

 
۱۰٫۹٤a 
۱۰٫۷٦a 
۸٫۹۷b 

 
۱۱٫۰۸a 
۱۰٫۸۸a 
۸٫۹٥b 

 
۱۳٫۸۲a 
۱۳٫٦۷a 
۱۳٫۱٥b 

 
۱٤٫۰۸a 
۱۳٫۹۹a 
۱۳٫٦۳b 

 
٤٤٫۱۹a 
٤٤٫۰۳a 
٤۰٫۰۱b 

 
٤٤٫۰۳a 
٤۳٫۷۱b 
۳۹٫٥۸c 

F. Test ** ** ** ** ** ** ** ** 
Potassium split 
application (k): 
K۱ 
K۲ 
K۳ 
K٤ 

 
۲٤٫۹۷b 
۲٥٫۱٦b 
۲٥٫۹٤a 
۲٦٫۲۰a 

 
۲٤٫۸۰b 
۲٥٫۰۹b 
۲٥٫۸۹a 
۲٦٫۸٥a 

 
۹٫٤۲c 
۹٫۷۸b 
۱۰٫٦٤a 
۱۰٫۸۳a 

 
۹٫٦۰b 
۹٫۹۲b 
۱۰٫۷۹a 
۱۰٫۹٥a 

 
۱۳٫۱۹b 
۱۳٫۲٦b 
۱۳٫۸٤a 
۱۳٫۹۰a 

 
۱۳٫٦٥b 
۱۳٫٦٦b 
۱٤٫۰٦a 
۱٤٫۳۲a 

 
٤۱٫٥۳b 
٤۲٫۳۳b 
٤۳٫۳٦a 
٤۳٫۷٤a 

 
٤۱٫٥۱c 
٤۱٫۹۳b 
٤۳٫۲٤a 
٤۳٫٤٤a 

F. Test ** ** ** ** ** ** ** ** 
I x N Interaction: ** ** ** ** ** ** ** ** 
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one potassium dose applied as basal gave the lowest values of studied 
growth traits(Tables۳,٤and ٥). 

The interaction between irrigation interval and potassium split 
treatments showed significant effect on plant height, panicle numberpanicle-

۱,total grains number panicle-۱  filled grains panicle-۱,۱۰۰۰-grain weight, grain 
yield, straw yield and harvest index in both season of 
study(Tables۷،۸،۹,۱۰,۱۲,۱۳،۱٤ and ۱٥). The best combination was irrigation 
interval of ۳days  with potassium splitting  in four equal doses without 
significant differences with those recorded by the same treatment under ٦ 
days irrigation in all studied traits for yield components and yield as well as 
harvest index in both seasons of study. Also, the potassium splitting in three 
equal doses with ٦ irrigation interval gave  the highest values of harvest index 
without significant differences with those produced by irrigation interval of ٦ 
day and triple potassium splits  without significant differences with those of  
tetra splits under ٦ irrigation interval of ٦ day in the second season, while in 
the first season the combination of  tetra potassium splitting with ٦ irrigation 
interval produced the highest value of harvest index without significant 
differences with those produced by tetra K splitting  with the irrigation 
intervals of ۳ days. Generally, the results of interaction proved that irrigation 
interval of ٦ day could be recommended for rice cultivation with K splitting in 
four equal doses without yield reduction and high water use efficiency. The 
application of periodical water stress and potassium fertilization has been 
reported to induce tolerance of rice to osmotic stress (Razak  et al., ۲۰۱۳). 
The maintenance of high plant water status and plant functions at low plant 
water potential, and the recovery of plant function after water stress are the 
major physiological processes that contribute to the maintenance of high 
yield under cyclic drought period conditions. In water stressed plants, 
increased abscisic acid (ABA) levels are known to stimulate the release of 
potassium from guard cells, giving rise to stomatal closure (Assmann, and  
Shimazaki,۱۹۹۹).  Numerous studies have shown that the application of K 
fertilizer mitigates the adverse effects of drought on plant growth (Andersen 
et al., ۱۹۹۲ and Sarkarung et al.,۱۹۹۷). Potassium increases the plant’s 
drought resistance through its functions in stomatal regulation, 
osmoregulation, energy status, charge balance, protein synthesis, and 
homeostasis.  

In plants coping with drought stress, the accumulation of K+ may be 
more important than the production of organic solutes during the initial 
adjustment phase, because osmotic adjustment through ion uptake like K+ is 
more energy efficient (Chen et al., ۱۹۹۷ and Quampah et al., ۲۰۱۱ ). Li (۲۰۱٤) 
has reported that lower water loss in plants well supplied with K+ is due to a 
reduction in transpiration which not only depends on the osmotic potential of 
mesophyll cells, but also is controlled to a large extent by stomata 
conductance. Similar result were reported by Zayed et al.(۲۰۰۷) and El-
Habet, Howida (۲۰۱٤).  
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Table ۱۲: Effect of the interaction between irrigation intervals and 
potassium split application on ۱۰۰۰-grain weight (g) of 
Egyptian Hybrid Rice ۱ cultivar during ۲۰۱۲ and ۲۰۱۳ 
seasons. 

Potassium split 
application (k): 

Irrigation intervals (I) 
۲۰۱۲ ۲۰۱۳ 

۳ days  ٦ days ۹ days ۳ days ٦ days ۹ days 
K۱ 
K۲ 
K۳ 
K٤ 

۲٥٫۷۸d 
۲٥٫۹۳cd 
۲٦٫٤٦a 
۲٦٫٥٤a 

۲٥٫۲۹e 
۲٥٫۳۸e 
۲٦٫۱٥bc 
۲٦٫۲۷ab 

۲۳٫۸۳g 
۲٤٫۱۸f 
۲٥٫۲۱e 
۲٥٫۲٦e 

۲٥٫٦۲e 
۲٥٫۸۷d 
۲٦٫٥٦ab 
۲٦٫۷۲a 

۲٥٫۲۱f 
۲٥٫٤٦ef 
۲٦٫۲۹c 
۲٦٫۳٤bc 

۲۳٫٥۷i 
۲۳٫۹۳h 
۲٤٫٦۹g 
۲٥٫۳۲f 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
K۱: All basal (B). K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
 
Table ۱۳: Effect of the interaction between irrigation intervals and 

potassium split application on grain yield (t/ha) of Egyptian 
Hybrid Rice ۱ cultivar during ۲۰۱۲ and ۲۰۱۳ seasons. 

Potassium split 
application (k): 

Irrigation intervals (I) 
۲۰۱۲ ۲۰۱۳ 

۳days           ٦ days ۹ days ۳ days ٦ days ۹ days 
K۱ 
K۲ 
K۳ 
K٤ 

۱۰٫۳۸b 
۱۰٫٦٤b 
۱۱٫۳٥a 
۱۱٫٤۱a 

۹٫۹٥c 
۱۰٫۳۸b 
۱۱٫۳۲a 
۱۱٫۳۹a 

۷٫۹٤f 
۸٫۳۲e 
۹٫۲۳d 
۹٫٦۸c 

۱۰٫٦۲b 
۱۰٫۷۳b 
۱۱٫٤٦a 
۱۱٫٥۲a 

۱۰٫۰۷c 
۱۰٫٥٦b 
۱۱٫٤۰a 
۱۱٫٤۸a 

۸٫۱۰f 
۸٫٤۷e 
۹٫۳۸d 
۹٫۸٥c 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
 
Table ۱٤:Effect of the interaction between irrigation intervals and 

potassium split application on straw yield (t/ha) of Egyptian 
Hybrid Rice ۱ cultivar during ۲۰۱۲ and ۲۰۱۳ seasons. 

Potassium split 
application (k): 

Irrigation intervals (I) 
۲۰۱۲ ۲۰۱۳ 

۳ days ٦ days ۹ days ۳ days ٦ days ۹ days 
K۱ 
K۲ 
K۳ 
K٤ 

۱۳٫۳۱b 
۱۳٫۳۸b 
۱٤٫۲٦a 
۱٤٫۳۳a 

۱۳٫۰٤b 
۱۳٫۲٦b 
۱٤٫۱۷a 
۱٤٫۲۱a 

۱۳٫۲۲b 
۱۳٫۱٥b 
۱۳٫۰۹b 
۱۳٫۱٦b 

۱۳٫٦٦c 
۱۳٫۷۲c 

۱٤٫۳۷ab 
۱٤٫٥۸a 

۱۳٫٥۳c 
۱۳٫٦۸c 
۱٤٫۲٦b 
۱٤٫٤۹ab 

۱۳٫۷۷c 
۱۳٫٥۹c 
۱۳٫٥٤c 
۱۳٫٦۲c 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
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Table ۱٥: Effect of the interaction between irrigation intervals and 
potassium split application on harvest index of Egyptian 
Hybrid Rice ۱ cultivar during ۲۰۱۲ and ۲۰۱۳ seasons. 

Potassium split 
application (k): 

Irrigation intervals (I) 
۲۰۱۲ ۲۰۱۳ 

 ۳ days  ٦ days  ۹ days ۳ days ٦ days ۹ days 
K۱ 
K۲ 
K۳ 
K٤ 

٤۳٫۸۲ab 
٤٤٫۳۱a 
٤٤٫۲۹a 
٤٤٫۳٤a 

٤۳٫۲٤b 
۳٤٫۹۳ab 
٤٤٫٤٤a 
٤٤٫٤۹a 

۳۷٫٥۲f 
۳۸٫۷٥e 
٤۱٫۳٦d 
٤۲٫۳۹c 

٤۳٫۷٤bc 
٤۳٫۸۸abc 
٤٤٫۳۷a 

٤٤٫۱٤ab 

٤۲٫٦۷d 
٤۳٫٥۲c 
٤٤٫٤۳a 
٤٤٫۲۱ab 

۳۷٫۰٤h 
۳۸٫۳۹g 
٤۰٫۹۳f 
٤۱٫۹۷e 

Means: followed by the same litter (s) are not significantly different, according to DMRT. 
K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT).K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
 
Water relations: 

Data listed in Tables۱۷ and ۱۸ refer that irrigation intervals had 
marked variation in total applied water, water save and water use efficiency in 
both seasons. The irrigation every ۳ days had the highest values of total 
applied water, while the prolonged irrigation interval of ۹ days recorded the 
minimum values of total applied water. At the same time, the irrigation interval 
of ۹ days gave the maximum amount of water save with medium value of 
water use efficiency. On the other side,  the ۳ days irrigation interval gave the 
least water use efficiency that are hold true in both seasons. The intermittent 
irrigation interval of ٦ days clearly mediated the two irrigation intervals in 
amount of water save and it recorded the highest values of water use 
efficiency. Interestingly, the highest mean of water use efficiency was 
obviously recorded by the intermittent irrigation interval of ٦ day with slightly 
insignificant yield reduction. The prolonging irrigation interval of ۹ day gave 
the highest value of yield reduction.   Therefore, the intermittent irrigation 
interval could be recommended (Tables۱٦, ۱۷ and ۱۸).  The potassium spilt 
application treatments  greatly varied in their effect on water use efficiency in 
both seasons(Table۱۸).The potassium split application into equal four doses 
of  ¼ B + ¼ MT + ¼ PI + ¼ boating (BT) possessed the highest values of 
water use efficiency in both study of seasons(Table۱۸). On the other hand, 
the lowest values of water use efficiency were produced by  one dose 
potassium application. Similar data had been reported by Zayed et al. (۲۰۰۷), 
Majid(۲۰۱۲) and El-Habet, Howida (۲۰۱٤) as well as El-Rfaee et al.(۲۰۱۲). 

From going discussion, the potassium split application into four or 
three doses had affinity to alleviate the harmful of water stress resulted from 
prolonging irrigation interval ensuring considerable rice grain yield under such 
condition and indicating water save. 
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Table ۱٦:Water consumed of EHR۱ as affected by different irrigation 
treatments during ۲۰۱۲ and ۲۰۱۳ seasons. 

Before treatments: Amount of water consumed (m۳/ha.) 
۲۰۱۲ ۲۰۱۳ 

Land preparation of the nursery ۱۸۰٫٤ ۱۹٥٫٦ 
Raising seedling (۲٥ days) ۲۸۹٫۹ ۲۹٤٫۸ 
Preparation of permanent field ۱۸۸۰٫٥ ۱۷٥۰٫٦ 
۱۰ days before irrigation treatments ۱۷۲۳٫۷ ۱٦۹۳٫۲ 
Total ٤۰۷٤٫٥ ۳۹۳٤٫۲ 
Through irrigation treatments   
۳ days ۹٤۱۸٫٤ ۹٦۷٥٫٦ 
٦ days ۷۹٦٦٫۳ ۸۱۷٤٫٤ 
۹ days ٦٦۸۸٫۷ ٦۷٤۸٫۹ 

Irrigation intervals Total water used (m۳/ha.) 
۲۰۱۲ ۲۰۱۳ 

۳ days ۱۳٤۹۲٫۹ ۱۳٦۰۹٫۸ 
٦ days ۱۲۰٤۰٫۸ ۱۲۱۰۸٫٦ 
۹ days ۱۰۷٦۳٫۲ ۱۰٦۸۳٫۱ 

 
Table ۱۷: Some water relations of Egyptian Hybrid ۱ rice cultivar as 

affected by irrigation treatments during ۲۰۱۲ and ۲۰۱۳ 
seasons. 

Irrigation 
treatments 

Total water 
(m۳/ha.) 

Grain yield 
(t/ha.) 

Yield 
reduction (%) 

Water saved 
(%) 

Water use 
efficiency 

(WUE kg/m۳) 
۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ ۲۰۱۲ ۲۰۱۳ 

۳ days ۱۳٤۹۲٫۹ ۱۳٦۰۹٫۸ ۱۰٫۹٤ ۱۱٫۰۸ - - - - ۰٫۸۱۱ ۰٫۸۱٤ 
٦ days ۱۲۰٤۰٫۸ ۱۲۱۰۸٫٦ ۱۰٫۷٦ ۱۰٫۸۸ ۱٫٦٥ ۱٫۸۱ ۱۰٫۷٦ ۱۱٫۰۳ ۰٫۸۹٤ ۰٫۸۹۹ 
۹  days ۱۰۷٦۳٫۲ ۱۰٦۸۳٫۱ ۸٫۹۷ ۸٫۹٥ ۱۸٫۰۱ ۱۹٫۲۲ ۲۰٫۲۳ ۲۱٫٥۰ ۰٫۸۳۳ ۰٫۸۳۸ 

 
Table ۱۸:The effect of interaction between irrigation intervals and    

potassium split application on water use efficiency during 
۲۰۱۲ and ۲۰۱۳ seasons. 

 
Potassium split 
application (k): 

Irrigation intervals 
۲۰۱۲                  ۲۰۱۳ 

۳days ٦days  ۹days Mean ۳ days ٦ days ۹ days mean 
K۱ ۰٫۷۷۰ ۰٫۸۲٦ ۰٫۷۳۸ ۰٫۷۷۸ ۰٫۷۸۰ ۰٫۸۳۲ ۰٫۷٥۸ ۰٫۷۹۰ 
K۲ ۰٫۷۸۹ ۰٫۸٦۲ ۰٫۷۷۳ ۰٫۸۰۸ ۰٫۷۸۸ ۰٫۸۷۲ ۰٫۷۹۳ ۰٫۸۱۸ 
K۳ ۰٫۸٤۱ ۰٫۹٤۰ ۰٫۸٥۸ ۰.۸۸۰ ۰٫۸٤۲ ۰٫۹٤۱ ۰٫۸۷۸ ۰٫۸۸۷ 
K٤ ۰٫۸٤٦ ۰٫۹٤٦ ۰٫۸۹۹ ۰٫۸۹۷ ۰٫۸٤٦ ۰٫۹٤۸ ۰٫۹۲۲ ۰٫۹۰٥ 
mea ۰٫۸۱۱ ۰٫۸۹٤ ۰٫۸۳۳  ۰٫۸۱٤ ۰٫۸۹۹ ۰٫۸۳۸  

K۱: All basal (B).K۲: ½ B + ½ mid tillering (MT). K۳: ⅓ B + ⅓ MT + ⅓ panicle initiation (PI). 
K٤: ¼ B + ¼ MT + ¼ PI + ¼ boating (BT). 
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 تح��تعل��ي دفع��ات  ومض��افة البوتاس��یلا اس��تجابة ص��نف الأرز ھج��ین مص��ري واح��د
 فةلفترات ري مخت

 .احمد محمد محمد الأختیار
، س�خا ، كفرالش�یخ،  معھ�د بح�وث المحاص�یل الحقلی�ة، مرك�ز مركز البح�وث و الت�دریب ف�ي الأرز 

 .جیزة، مصرالبحوث الزراعیة، 
 

خ�لال  مص�ر -كف�ر الش�یخ -لمرك�ز البح�وث والت�دریب ف�ي الارز س�خا  بالمزرعة البحثیة اقیمت تجربتان حقلیتان
عل�ي ص�نف الارز  و معاملات اضافة البوتاسیوم علي دفعات المختلفة فترات الريدارسة تاثیر ل م ۲۰۱۲،۲۰۱۳موسمي  

 يحی�ث وزع�ت مع�املات ال�ررب�ع مك�رارات أف�ي  تص�میم الش�رائح االمتعام�دةف�ي  اربالتج� جریتأ  .ھجین مصري واحد
ھ�ي ك�ل المع�دل الموص�ي ب�ة دفع�ة و ممع�املات البوتاس�یو وزع�ت بینما  الافقیة یام في الشرائحا ۹ و٦ ،۳كل   الري  يوھ

 ۱/۳+عند التفری�ع المتوس�ط ۱/۳+علي الشراقي ۱/۳، عند التفریع المتوسط ۱/۲+علي الشراقي ۱/۲، واحدة علي الشراقي
عن�د بدای�ة  ۱/٤+ عن�د بدای�ة تك�وین الس�نبلة ۱/٤+ عن�د التفری�ع المتوس�ط ۱/٤+علي الشراقي ۱/٤، عند بدایة تكوین السنبلة

 .الراسیة رائحلشفي ا طور الحنبلة
عن�د  .دلی�ل مس�احة الورق�ة و الم�ادة الجاف�ة وھ�ي محت�وي الكلورفی�ل ، ت�م دراس�ة بع�ض ص�فات النم�وعند الط�رد 

ع�دد ، ۱-ع�دد الحب�وب الكلی�ة  الس�نبلة، ۲-ابل مع�دد الس�ن وھ�ي ط�ول النب�ات، و مكونات�ة  الحب�وب محصول تقدیرالحصاد تم 
 القیاس�ات المائی�ةتم تقدیر   .محصول القش و دلیل الحصاد ،الحبوبوزن الألف حبة ،محصول  ،۱-بلة نمتلئة السمالالحبوب 

 و ۳-م  ممیاة كجري وكفاءة استخدام ال والنسبة المئویة للمیاة الموفرة لكل معاملة ۱-ھكتار۳وھي كمیة المیاة الكلیة المضافة م
  . المحصول الناتج عن تطویل فترات الريالنسبة المئویة  لنقص تم تقدیر

 ان معاملة  ووجدت معنویا علي كل الصفات المدروسة  معاملات الري اثران  وقد اوضحت النتائج  المتحصل علیھا      
. اقل القیم  لكل ھذة الصفات  اد مسجلة الحص ودلیل  ومكوناتة  كل صفات النمو والمحصول  قللت  ایام ۹كل الري 

ا علي صفات النمو والمحصول مھتاثیرفي   من المعنویة المستوي علي نفس ایام  ٦و  ۳الري كل    تامعامل  كانتو
میاة الري   اعلي كمیة من ایام  علي ۳حصلت معاملة الري كل   . محققة اعلي القیم  ومكوناتة ودلیل الحصاد

خلال الموسم الاول  ۳-م  جمك ۰،۸۱٤ ،۰،۸۱۱المیاة وھيلكفاءة استخدام  واقل قیمة ۱-ھكتار۳م۱۳٦۰۹،۸، ۹,۱۳٤۹۲ھي
واعلي % ۱۹،۲۲،    ۱۸،۰۱اعلي قیمة للنقص في المحصول وھي ایام ۹و اعطت معاملة الري كل .والثاني علي التوالي 

في  كلا   ۳ -م كجم   ۰،۸۳۸،  ۰ ,۸۳۳وقیمة متوسطة لكفائة استخدام المیاة   ۲۱،٥۰،   ۲۰،۲۳قیمة لتوفیر المیاة وھي  
وبلغ  ۳- م كجم ۰ ,۸۹۹، ۰ ,۸۹٤المیاة  استخدام ایام علي اعلي قیمة لكفائة   ٦وحصلت معاملة الري كل .  الموسمین 

سم الاول والثاني علي والمفي  %۱۱،۰۳،  ۱۰،۷٦وكمیة میاة متوفرة  بلغت %  ۱،۸۱،  ۱،٦٥النقص في المحصول 
 .التوالي

كل صفات النمو والمحصول ومكوناتة  حسنت و معنویاتاثیرا   اضافة البوتاسیوم علي دفعات   معاملات اظھرت       
 تفوقت  معاملة اضافة  ۰دفعة واحدة علي الشراقي سیومبمعاملة اضافة البوتا ةمقارن ودلیل الحصاد وكفاءة استخدام المیاة

عند طور ۱/٤+السنبلة  عند بدایة تكوین ۱/٤+عند التفریع المتوسط  ۱/٤+علي الشراقي  ۱/٤دفعات ٤علي  بوتاسیومال
 ءةوكذللك اعلي قیمة لكفاتحت الدراسة  الحنبلة معنویا علي باقي معاملات البوتاسیوم حیث اعطت اعلي القیم لكل الصفات

كلا الموسمین بینما اعطت معاملة اضافة البوتاسیوم دفعة واحدة علي  في  ۳-م كجم ۰،۹۰٥،  ۰،۸۹۷استخدام المیاة وھي 
واحد  علي مستويكانت  دفعات ٤و دفعات ۳كل من معاملة  اضافة البوتاسیوم علي  .في كل الصفات اقل القیم الشراقي 

، ۱-عدد الحبوب الممتلئة سنبلةو ۱-و العدد الكلي للحبوب سنبلة۲-عدد السنابل م،ا علي المادة الجافةمالمعنویة في تاثیرھ من
 .كفاءة استخدام المیاة ایضادلیل الحصاد و، محصول الحبوب و القش ، وزن الألف حبة 

المادة ، دلیل مساحة الأوراق ،الري و البوتاسیوم معنویا علي محتوي الكلوروفیل معاملات  اثر التفاعل بین 
وزن ،عدد الحبوب الممتلئة بالسنبلة، العدد الكلي لحبوب السنبلة، ۲-معدد السنابل ، طول النبات ، )۲۰۱۲موسم  (۲ -الجافةم

ومن نتائج التفاعل وجد ان افضل  .محصول الحبوب و القش وكذلك دلیل الحصاد في موسمي الدارسة، الالف حبة 
 .م المیاةمن حیث المحصول و كفاءة استخدا ایام مع اضافة البوتاسیوم علي اربعة دفعات ٦المعاملات ھي الري كل 

یمكن التوصیة باضافة البوتاسیوم علي اربعة دفعات متساویة خصوصا عند المراحل الحساسة لنقص میاة 
ایام  ٦الري  وھي فترة التفریع المتوسط و بدایة تكوین السنبلة و بدایة طور الحنبلة و ذلك تحت ظروف الري كل 

  .مع توفیر قدر من المیاة المستخدمة في حقول الأرز ة للحصول علي اعلي محصول  حبوب و اعلي كفاءة استخدام میا
 

 ۹۹۰ 


