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ABSTRACT: Water shortage stress is the most critical abiotic factor reducing rice 
yield. Water deficit stress at whichever of the rice critical growth stage causes decline in 
yield. A field experiment was conducted at the Experimental Farm of Sakha Agricultural 
Research Station, Kafrelsheikh, Egypt during 2018 and 2019 seasons, to investigate the 
effect of four irrigation intervals (continuous flooding(I1), irrigation every six days(I2), 
nine days(I3) and twelve days(I4)) on performance of five genotypes (Giza 178, IR 
69625A/Giza 178, IR 70368A/Giza 178, IR 69625A/Giza 179 and IR 69625A/Giza 181). Strip 
plot design, with four replications was used. The horizontal plots were assigned to 
irrigation treatments, while the vertical plots were assigned to rice genotypes. Different 
drought tolerance indices such as abiotic tolerance index (ATI), stress susceptibility 
index (SSI), mean productivity (MP), tolerance index (TOL) and stress susceptibility 
percentage index (SSPI) were tested in screening superior rice genotypes. The results 
showed that days to 50% heading, plant height, panicle length, panicle weight, number of 
effective tillers hill-1, spikelet's number panicle-1, number of branches panicle-1, seed set 
(%), 1000-grain weight (g), number of filled grains panical-1, grain yield t ha-1, harvest 
index (%) and biomass weight t ha-1 were highly significantly affected by the interaction 
between irrigation intervals and genotypes. The highest values of grain yield were 
obtained by IR69625A/Giza 181 under continuous flooding irrigation during both 
seasons. Based on results of different drought tolerance indices, IR69625A/Giza 181 
showed lowest values of ATI, SSI and TOL and the highest values of MP and SSPI and 
was identified as drought tolerant genotype. 

Key words: Rice genotypes, irrigation intervals, drought tolerance indices and grain 
yield. 

 
INTRODUCTION 

Rice (Oryza sativa L.) is one of the 
foremost staple food crops for nearly 
sixty five percentage of the world’s 
population. Therefore, sustainable rice 
production is necessary to overcome 
food scarcity throughout the globe. 
However, rice is considered one of the 
most drought-sensitive plants due to its 
small root system, thin cuticular wax, and 
swift stomatal closure (Ji et al., 2012). 
Water shortage is the prime 
environmental constrictions, which 
happen in many parts of the world 
annually, habitually having destructive 
effects on crops productivity. Thus, 

drought mitigation, through development 
of drought-tolerant varieties with higher 
yields suitable for water-limiting 
environments, will be the key factor to 
improve stable rice production (Kumar et 
al., 2016). Water deficiency is one of the 
most limiting factors in more than 30% of 
paddy fields in Egypt, consequently 
improving varieties tolerating water 
shortage is one of the most important 
objectives in rice breeding programs 
(Abd Allah, 2010). Stomata closing, leaf 
area reduction, thicker cuticles, roots 
enlargement, maintaining photosynthetic 
rates at high levels, producing or rising 
the rate of some proteins, regulating the 
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osmotic conditions, accumulation of 
organic acids, changes in carbohydrate 
metabolism and dropping the rate of 
respiration are the typical biochemical 
and physiological drought tolerance 
mechanisms in rice plant (Ji et al., 2012 
and Sahebi et al., 2018). Choice the right 
and proper genotypes on the basis of 
relative yield performance has been 
considered a reliable method for 
evaluating a large number of genotypes 
in water deficits stressed conditions 
(Panthuwan et al., 2002). Kumar et al., 
(2016) stated that the traits include plant 
height, days to flowering, delay in 
flowering, grain yield panicle-1, 
biomass/biological yield, harvest index, 
number of panicles plant-1, panicle 
length, panicle excretion, spikelet 
fertility, total number of spikelets, panicle 
length, 1000-grain weight and seed 
setting. They are all affected by different 
intensities of drought stress under field 
conditions. 

Numerous selection indices founded 
on a mathematical relative between grain 
yield under water deficits stressed and 
non-stressed conditions have been 
proposed. The capability of improved 
genotypes to perform reasonably well in 
drought stressed environments is vital 
for stability or increase the production. 
The combination of high yield stability 
and high relative grain yield under waters 
stress has been proposed as helpful 
selection criteria for characterizing 
genotypic performance under varying 
degrees of water shortage stress 
(Gaballah, 2018 and Adhikari et al., 2019). 
The improvement of drought tolerance 
genotypes with a optimum yield 
prospective is one of the major aims of 
drought tolerance rice breeding for 
enhancing rice production in Egypt. On 
the other hand, with the end of the 
twenty-first century, the drop of water 
resources as a result of anthropogenic 
and natural factors will lessen the intense 
consumer of water (Joshi et al., 2016). 

There are various indices to ascertain 
drought tolerance such as stress 
tolerance level (TOL), stress tolerance 
index (STI), stress susceptibility index 
(SSI) and stress susceptibility percentage 
index (SSPI), which may be helpful as an 
indicator for identifying drought tolerant 
genotypes that do well in stressful 
environments. These indices are yield 
stability parameters which are based on 
the amount of reduction are achieved 
under stress of water deficiency 
condition (Kumar et al., 2014 and 
Adhikari et al., 2019). Raman et al., (2012) 
stated that rice genotypes which 
achieved minimal yield reduction had the 
lowest SSI and TOL values. Various 
researchers stated that the varieties 
which had the minimum SSI values were 
drought tolerant than the varieties which 
had the maximum SSI values. Application 
indices of drought tolerance in the select 
of drought tolerant genotypes have been 
statement in several crops (Sio-Se 
Mardeh et al., 2006 and Kumar et al., 
2014). 

The purpose of present study was to 
identify promising hybrid rice genotypes 
having optimum yield potential and 
stability under water deficit stress 
conditions and recognize the most 
suitable drought yield indices to 
understanding of yield changes by water 
stress and irrigated conditions.  
 
MATERIALS AND METHODS 

A field experiment was conducted 
during the two consecutive rice growing 
seasons 2018 and 2019 at the 
Experimental Farm of Sakha Agricultural 
Research Station, Kafrelsheikh, Egypt. 
The experiment was conducted to assess 
the performance of four promising hybrid 
rice genotypes beside Giza 178 rice (as 
inbred cultivar) under different irrigation 
intervals. The previous crop was barely 
(Hordeum Vulgare L.) in the two seasons. 
The soil of the investigational site is 



 
 
 
 
 
Performance of promising hybrid rice genotypes under different irrigation ……… 

21 

clayey in texture. The initial soil chemical 
properties (soil analysis according 
Cottenie et al., 1982) at 0 to 20 cm soil 
depth of the investigational site as an 
average of both seasons were: pH 8.2, 
organic matter (OM) 1.5%, total nitrogen 
685 mg kg-1, available P 11 mg kg-1, 
available K 370 mg kg-1, available Zn 
0.73mg kg-1, available Fe 5.45 mg kg-1 and 
available Mn 2.95 mg kg-1. The 
experimental design was strip plot with 
four replications. The horizontal plots 
were assigned to four irrigation 
treatments namely, continuous flooding 
(I1), irrigation every six (I2), nine (I3) and 
twelve days (I4), while the vertical plots 
were assigned to different genotypes i.e., 
Giza 178 as inbred rice cultivar and four 
promising hybrid genotypes IR 
69625A/Giza 178, IR 70368A/Giza 178, IR 
69625A/Giza 179 and IR 69625A/Giza 181.  

Seeds at the level of 24 kg ha-1 for 
promising hybrid genotypes and at the 
level of 144 kg ha-1 for Giza 178 were 
soaked in water for 24 hr, and then 
incubated for 48 hr to accelerate early 
germination. Pre-germinated seeds were 
uniformly broadcasted in the nursery on 
8th and 5th May of the two seasons, 
respectively. The permanent field was 
well prepared, i.e. plowed twice followed by 
well dry leveled. Basal application of 
phosphorus and potassium fertilizers 
was applied to all plots and incorporated 
well into the soil during land preparation 
at the rate of 36 kg P2O5 and 60 kg K2O 
per hectare using single super phosphate 
fertilizer and potassium sulfate, 
respectively. Nitrogen fertilizer was applied 
at the rate of 165 kg N ha-1 in the form of 
urea (46.5% N). Urea was added in three 
equal splits, as basal application, and top 
dressed at 35 and 70 days after 
transplanting. All other agronomic practices 
were done as recommended. Seedlings 
were carefully uprooted from the nursery 
at 30 days after sowing and distributed in 
the plots. Seedlings were manually 
transplanted in 20x20 cm space between 
rows and hills, with 1 seedling hill-1. 

Number of days to 50% heading was 
recorded for each genotypes. At harvest, 
the plant height (cm) and number of 
effective tillers hill-1 were estimated. Ten 
panicles were collected randomly to 
estimate the panicle length (cm), panicle 
weight (g), number of branches panicle-1, 
number of filled grains panicle-1, and 
1000-grain weight (g). The crop of central 
5 m2 of each plot was harvested 
separately at full maturity, dried, 
threshed, then grain and straw yields 
were recorded and each of them was 
converted into t ha-1. The grain yield was 
modified at 14% moisture content.  

Drought tolerance evaluations were 
estimated as follow:   
1-Abiotic tolerance index (ATI) according 

to Moosavi et al., (2008).  

 
2-Stress susceptibility index (SSI) 

assesses the reduction in yield caused 
by unfavorable (stress) compared to 
favorable irrigated environments 
(Raman et al., 2012). 

 
3- Mean productivity (MP) the differences 

in yield between the stress and non-
stress environments (Hossain et al., 
1990 and Kumar et al., 2014). 

     MP = (YP +YS)/2 
4- Tolerance index (TOL) the difference in 

yield and the average yield between 
stress and non-stress environments 
(Rosielle and Hambling, 1981). 

     TOL= YP-YS 
5- Stress susceptibility percentage index 

(SSPI) (Moosavi et al., 2008). 

 
Where:  
YP = the potential grain yield under 

continues flooding 
YS = the grain yield under irrigation 

treatment 
YP = Mean grain yield under continues 

flooding 
Ys = Mean grain yield under stress 

continue 
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Data were statistically analyzed 
according to Gomez and Gomez (1984). 
The mean differences were compared by 
the Duncan’s Multiple Range Test 
(Duncan, 1955) using a statistical 
computer package CoStat. Correlation 
analysis was computed by following the 
standard statistical procedure by Steel et 
al., (1997). 
 
RESULTS AND DISCUSSION 

Results in Table (1) showed that days 
to heading 50 %, as well as plant height 
and number of effective tillers hill-1 at 
harvest were significantly affected by 
irrigation intervals. The number of days 
to 50% heading significantly increased by 
increasing irrigation intervals. The 
differences in heading dates could be 
attributed to the extended vegetative 
stage due to water stress. Lafitte et al., 
(2004) and Mohamed et al., (2019) stated 
that water deficit stress results in delay 
heading, this is mainly due to a reduction 
in plant dry matter production and 

slowed elongation of the panicle and 
supporting tissues and therefore delay 
panicle exsertion. Plant height and 
number of effective tillers hill-1 were 
decreased as intervals period increased 
up to 12 days, in both seasons. The 
reduction in plant height could be 
attributed to reduction in cell turger that 
causes reduction in cell enlargement, 
which in turn decreases shoots 
enlargement. Ahmed et al., (2017) 
reported that water stress situation has a 
high influence on plant growth and 
results in the reduction of plant height. 
Water stress reduces the cell size and 
cell division, which may affect the plant 
height under drought condition. 
However, the reduction in number of 
effective tillers hill-1 could be attributed to 
less ability of tiller nodes to produce 
more tillers under water stress. A similar 
trend was found by Sarvestani et al., 
(2008), El-Refaee et al., (2012) and 
Gewaily et al., (2019).  

 
Table 1. Effect of irrigation intervals on plant characteristics of different genotypes 

during 2018 and 2019 seasons. 

Treatment 
Days to 50 % heading  Plant height (cm) Number of effective 

tillers hill-1 
2018 2019 2018 2019 2018 2019 

Irrigation interval (I) 
I1 
I2 
I3 
I4 

 
93.66d 
95.37c 

96.53bc 
97.92a 

 
94.18d 
95.47c 
96.65b 
97.86a 

 
89.70a 
87.60b 
84.58c 
82.25c 

 
90.67a 
88.47b 
86.40c 
83.18d 

 
25.60a 
24.27a 
22.73b 
20.00c 

 
25.87a 
24.33b 
22.80c 
20.80d 

F test * * ** ** ** ** 
Genotype (G) 
Giza 178 
IR 69625A/Giza 178 
IR 70368A/Giza 178 
IR 69625A/Giza 179 
IR 69625A/Giza 181 

 
93.24de 
95.33c 

96.83bc 
92.32e 
101.64a 

 
93.24d 
95.92c 

97.42bc 
91.57e 
102.08a 

 
87.07bc 
85.58c 
83.94d 
81.51e 
92.07a 

 
88.59b 
89.92a 

84.08cd 
82.91d 
90.40a 

 
21.08c 

23.17ab 
24.08a 
22.84b 
24.59a 

 
21.50c 

22.58bc 
24.17a 

23.67ab 
25.34a 

F test ** ** ** ** * * 
I x G ** ** ** ** ** ** 

I1= Continuous flooding, I2= irrigation every 6 days, I3= irrigation every 9 days and I4= irrigation 
every 12 days 
* = Significant at 0.05 level, ** = Significant at 0.01 level and NS= Not significant 
Means in the same column designated by the same letter are not significantly different at 5% level 
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Rice genotypes varied significantly in 
number of days to 50% heading, plant 
height and number of  effective  tillers 
hill-1. The hybrid of IR 69625A/Giza 179 
was earlier in heading time than other 
genotypes while, hybrid of IR 
69625A/Giza 181 was later in heading and 
produced the tallest plants and the 
highest number of effective tillers hill-1 in 
both seasons.  

Table (2) exhibited that the highest 
period needed to 50% heading was 
obtained by IR 69625A/Giza 181when 
irrigated every12-day. While IR 
69625A/Giza 179 under continuous 
irrigated recorded the lowest period 
needed to 50% heading in both seasons. 
These findings are in close agreement 
with those reported by Gaballah (2009). 

Heading delay is a common drought 
response observed in rice (EL-Refaee et 
al. (2005), which is expected to confer a 
benefit in those environments where 
water deficit stress is impermanent, if 
development and flowering resume after 
the stress is relieved. The delays in 
heading and maturity might be 
considered as good indicators in drought 
screening tests because the effect of 
drought on the trait was consistent 
(Mohamed et al., 2019). IR 69625A/Giza 
181with continue irrigated produced the 
tallest plants and the highest number of 
effective tillers hill-1. While IR 
69625A/Giza 179 gave the shortest plants  
and  the lowest number of effective tillers 
hill-1 when irrigated every12-day. 

 
Table 2.  Days to 50 % heading, plant height and number of effective tillers hill-1as affect 

by the interaction between genotypes and irrigation intervals during 2018 and 
2019 seasons. 

Genotype 

2018 2019 

I1 I2 I3 I4 I1 I2 I3 I4 

Days to 50 % heading  

Giza 178 
IR 69625A/Giza 178 
IR 70368A/Giza 178 
IR 69625A/Giza 179 
IR 69625A/Giza 181 

89.29e 
93.33d 
95.00cd 
90.67e 

100.00bc 

93.67d 
94.30d 
96.33c 
91.29e 

101.27ab 

94.33d 
96.00c 
97.66c 
92.67d 

102.00ab 

95.67c 
97.67cd 
98.33c 
94.64d 
103.27a 

90.66f 
94.00de 
96.00cd 
89.59f 

100.67abc 

92.33ef 
95.00d 

97.33cd 
91.35ef 
101.33a 

94.60d 
96.67cd 
97.67cd 
91.67ef 
102.66a 

95.35d 
98.00bc 
98.67bc 
93.66d 
103.64a 

Plant height (cm) 

Giza 178 
IR 69625A/Giza 178 
IR 70368A/Giza 178 
IR 69625A/Giza 179 
IR 69625A/Giza 181 

90.67b 
90.33b 
87.83b 
83.67c 
96.00a 

88.66b 
86.31bc 
86.00bc 
82.67cd 
94.38a 

85.33c 
83.01cd 
82.59cd 
81.65cd 
90.30b 

83.61cd 
82.68cd 
79.32d 
78.05d 
87.58b 

91.00b 
93.67a 

85.00cd 
89.00b 
94.67a 

90.67b 
90.00b 
84.00d 

85.33cd 
92.33a 

89.00bc 
89.00bc 
82.00de 
83.00de 
89.00b 

83.67d 
87.00c 
80.64ef 
79.00f 
85.59c 

Number of effective tillers hill-1  

Giza 178 
IR 69625A/Giza 178 
IR 70368A/Giza 178 
IR 69625A/Giza 179 
IR 69625A/Giza 181 

23.00c 
25.67b 
26.00a 
25.67b 
27.67a 

22.33d 
24.33bc 
25.33b 
23.67bc 
25.67a 

21.00de 
22.66d 
24.00bc 
22.00d 
24.00b 

18.00f 
20.00e 

21.00de 
20.00e 

21.00de 

23.33cd 
25.00bc 
26.67a 
26.00b 
28.35a 

22.00de 
24.00c 

25.00bc 
24.67bc 
26.00b 

21.67e 
21.33e 
23.67c 
23.00c 
24.33c 

19.00ef 
20.00ef 
21.33e 
21.00e 

22.67de 
I1= Continuous flooding, I2= irrigation every 6 days, I3= irrigation every 9 days and I4= irrigation 
every 12 days 
Means in the same column designated by the same letter are not significantly different at 5% level 
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Results in Table (3) indicated that 
yield attributes i.e., panicle length, 
panicle weight, number of branches 
panicle -1, number of spikelets panicle -1,  
number of filled grains panicle -1, seed 
set (%) and 1000-grain weight were 
significantly affected by irrigation 
intervals. They were reduced as off 
period increased up to 12-days, in both 
seasons. The highest values of all traits 
were obtained with continuous flooding 
followed by irrigation every 6-day. These 
results are in agreement with those 
stated by Gewaily et al., (2019) who 
stated that such increment in yield 
attributes under non stress condition 
could be due to that reality available 
water enhanced the biological and 
physiological process which increase the 
production and translocation of the dry 
matter content from source to sink which 
resulting in more panicles, grain filling 
and weight. These results are in harmony 
with those stated by El-Refaee et al., 
(2005) and Zubaer et al. (2007). 

Results in Table (3) revealed that a 
significant difference was obtained 
among tested genotypes in respect of 
yield attributes traits i.e., panicle length, 
panicle weight, number of branches 
panicle -1, number of spikelets panicle -1,  
number of filled grains panicle -1, seed 
set (%) and 1000-grain weight in both 
seasons.  Also, the results showed that 
IR 69625A/Giza 181 produced the highest 
values of panicle length, panicle weight, 
number of branches panicle -1, number of 
spikelets panicle-1, number of filled 
grains panicle-1, compared to the other 
rice genotypes in both seasons. On the 
other hand, Giza 178 produced the lowest 
values of panicle length, panicle weight, 
number of branches panicle -1, number of 
spikelets panicle -1, number of filled 
grains panicle-1 and 1000-grain weight. 
Most variation among the rice genotypes 
in yield attributes traits might be due to 
the genetic background differences.  

Interaction between irrigation intervals 
and rice genotypes significantly affected 
the panicle length, panicle weight, 
number of spikelets panicle -1, number of 
filled grains panicle-1, seed set (%) and 
1000-grain in both seasons. Results in 
Table (4) indicated that the tested hybrid 
rice genotypes produced the highest 
values under contiuous flooding 
treatment, while the lowest values were 
recorded with irrigation every 12-day. 
These results are in harmony with those 
stated by Zaman et al. (2018) who 
reported that drought stress caused 
several constructional and functional 
disruptions in reproductive organs, 
leading to malfunction of fertilization or 
premature abortion of the seed. Early 
senescence, shortens the grain fillness 
period, photosynthesis reduction and 
enhanced soluble sugars remobilization 
from grains to other vegetative parts are 
observed when water stress happens at 
the reproductive stage. The sugars or 
carbohydrate remobilizations strongly 
depend on source activity and sink 
strength which vary with genotypes. 

Results in Table (5) revealed that 
prolonging irrigation intervals caused a 
reduction in the grain yield. Continuous 
flooding recorded the highest biomass 
and grain yield followed by irrigation 
every 6-day. The reduction in biomass 
yield as affected by prolonging the 
irrigation intervals may be due to the 
decrease in dry matter production, plant 
height and number of  effective  tillers 
hill-1. However, the reduction in grain 
yield as affected by prolonging the 
irrigation intervals may be attributed to 
the reduction in dry matter production, 
panicle weight, number of panicles hill-1, 
number of filled grains panicle-1 and 
1000-grain weight. A similar trend was 
found by El-Refaee et al. (2012) and 
Gewaily et al. (2019), who found that 
continuous flooding gave the highest 
grain yield. Also, the irrigation every  
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Table 5. Effect of irrigation intervals on biomass yield (t ha1), grain yield (t ha1) and 
harvest index (%) of different genotypes during 2018 and 2019 seasons. 

Treatment 
Biomass yield (t ha1)   Grain yield (t ha1) HI (%) 

2018 2019 2018 2019 2018 2019 

Irrigation Interval (I) 
I1 
I2 
I3 
I4 

 
25.37a 
23.42b 
20.95c 
19.22d 

 
25.98a 
23.39b 
20.92c 
19.13d 

 
11.25a 
10.59b 
9.46c 
8.64d 

 
11.19a 
10.62b 
9.34c 
8.47d 

 
44.84a 
44.71a 
43.52b 

44.34ab 

 
44.74a 
44.11a 
43.74b 
43.54b 

F test * * ** ** * * 

Genotype (G) 
Giza 178 
IR 69625A/Giza 178 
IR 70368A/Giza 178 
IR 69625A/Giza 179 
IR 69625A/Giza 181 

 
18.84d 
23.08b 
23.28b 
20.94c 
25.06a 

18.72d 
23.13b 
23.05b 
21.17c 
25.71a 

8.86d 
10.39ab 
10.36b 
9.45c 

10.90a 

8.84d 
10.10b 
10.30b 
9.43c 
10.87a 

46.86a 
43.20c 
43.82b 
44.74b 
43.16c 

47.01a 
42.84c 
44.06b 
44.09b 
42.17d 

F test ** ** ** ** * ** 

I x G ** ** ** ** NS NS 
I1= Continuous flooding, I2= irrigation every 6 days, I3= irrigation every 9 days and I4= irrigation 
every 12 days 
* = Significant at 0.05 level, ** = Significant at 0.01 level and NS= Not significant 
Means in the same column designated by the same letter are not significantly different at 5% level 
 
6-day was statistically placed in the same 
level with flooded method. This might be 
due to better growth characters (dry 
matter, chlorophyll content and plant 
height) associated with higher mobility 
and absorption of mineral nutrients in 
soil solution, which enhanced the uptake 
of nutrients and contributed to favorable 
growth attributes consequently, resulted 
in production higher yield.  

Results in Table (5) also, showed that 
the differences in genotypes were highly 
significant for biomass yield and grain 
yield in both seasons. The hybrid 
69625A/Giza 181 gave the highest values 
of biomass weight and grain yield while, 
the lowest values of grain yield and 
biomass weight were obtained with the 
genotype of Giza 178. On the other hand, 
the genotype Giza 178 gave the highest 
values of harvest index. While, the hybrid 
69625A/Giza 181 gave the lowest values 

of harvest index in 2018 and 2019 
seasons. 

The results in Table (6) indicated that 
the interaction between genotypes and 
irrigation intervals was significantly 
affected biomass yield and grain yield in 
both seasons. The combination between 
IR 69625A/Giza 181 with continuous 
flooding produced the highest values of 
grain yield and biomass weight. While, 
the lowest values of biomass weight and 
grain yield were obtained with Giza 178 
when irrigated every 12-day in 2018 and 
2019 seasons. The results are 
inconformity with that stated by Kondhia 
et al., (2015). 

 
Drought yield indices: 

The data in Table (7) showed that the 
drought yield indices abiotic tolerance 
index (ATI), stress susceptibility index 
(SSI) and tolerance index (TOL) gave the 
same trend approximately for different 
genotypes where, the drought 
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susceptible genotypes were resulted the 
highest values of ATI, SSI and TOL in 
contrast to this, the drought tolerance 
genotypes were recorded the lowest 
values of ATI, SSI and TOL. A similar 
trend was found by Singh et al., (2018) 
and Adhikari el al., (2019) who reported 
that TOL and SSI are useful parameters 
for identifying genotypes that perform 
well in stress situation and the genotypes 
with low values can be considered as 
drought tolerant. On the other hand, the 
drought yield indices mean productivity 
(MP) and stress susceptibility percentage 
index (SSPI) gave the same trend for all 
genotypes therefore, the drought 
susceptible genotypes recorded the 
lowest values of MP and SSPI as well as 
the drought tolerance genotypes were 
recorded the highest values of MP and 
SSPI. The results were observed is 
agreement with Kumar et al., (2014) and 
Kondhia et al., (2015). 

Results in Table (7) showed that 
genotype of IR 69625A/Giza 181 under 
different irrigation intervals had the 
lowest values of ATI, SSI and TOL. While, 

genotype of IR 69625A/Giza 178 gave the 
highest values of ATI, SSI and TOL under 
different irrigation intervals. On the other 
hand, the highest values of MP and SSPI 
attained from the IR 69625A/Giza 181. 
With respect to MP the genotype of Giza 
178 gave the lowest values while, the 
lowest values of SSPI were obtained with 
IR 69625A/Giza 178 under different 
irrigation intervals. According the results 
IR 69625A/Giza 181 was more tolerant to 
drought stress because it had the lowest 
values of ATI, SSI and TOL and the 
highest values of MP and SSPI (Table 7). 
The results are in harmony with Singh et 
al., (2018) and Adhikari el al., (2019) who 
reported that TOL index was effective in 
improving yield of genotypes under 
condition of water shortage stress and 
the chosen genotypes performed poorly 
under non-stressed condition. 
Gaballah, (2018) reported that use of SSI 
in blend with yield value under water 
deficiency stress condition for 
discovering drought tolerant/sensitive 
genotypes.            

 
Table 6. Effect of interaction   between   genotypes   and   irrigation   intervals   on   biomass 

(t ha-1) and grain yield (t ha-1) during 2018 and 2019 seasons. 

Genotype 

2018 2019 

I1 I2 I3 I4 I1 I2 I3 I4 

Biomass yield (t ha1) 

Giza 178 
IR 69625A/Giza 178 
IR 70368A/Giza 178 
IR 69625A/Giza 179 
IR 69625A/Giza 181 

21.50d 
27.43b 

25.32bc 
22.79d 
29.79a 

19.94e 
23.56cd 
24.55c 
22.00d 
27.07b 

17.76f 
21.64de 
22.60d 
20.28e 
22.46d 

16.15g 
19.68e 
20.63e 
18.70f 
20.93e 

21.04e 
27.60b 
25.75bc 
23.92cd 
31.61a 

20.02e 
22.94d 

24.63cd 
22.18de 
27.17b 

17.26f 
21.37e 

22.30de 
20.29e 
23.37c 

16.55g 
20.59e 
19.50f 
18.29f 
20.70e 

                                   Grain yield (t ha-1) 

Giza 178 
IR 69625A/Giza 178 
IR 70368A/Giza 178 
IR 69625A/Giza 179 
IR 69625A/Giza 181 

10.27c 
11.74a 
11.71a 
10.73c 
11.81a 

9.73d 
11.12b 
10.95c 
9.93d 

11.21b 

8.56e 
9.86e 
9.72e 
8.67e 

10.62d 

6.89f 
8.75e 
9.05e 
8.48e 

10.02d 

10.22bc 
11.58a 
11.51a 
10.65b 
12.00a 

9.69c 
10.97b 
10.88b 
10.07c 
11.94a 

8.44 
9.50c 
9.61c 
9.04d 
10.12c 

7.00f 
8.34d 

9.19cd 
7.95ed 
9.86c 

I1= Continuous flooding, I2= irrigation every 6 days, I3= irrigation every 9 days and I4= irrigation 
every 12 days 
Means in the same column designated by the same letter are not significantly different at 5% level 
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Correlation among grain yield and 
drought tolerance indices 

Correlation coefficients were used to 
find the best criterion for choosing 
drought tolerant genotypes. According to 
literature (Kumar et al., 2014 and 
Gaballah, 2018), the appropriate index 
must to have a significant relationship 
with yield in both stressed (irrigation 
every 12 days) and non-stressed 
(continuous flooding) conditions.  As 
shown in Table (8) the potential grain 
yield (YP) under continuous flooding was 
highly significant and positive correlated 
with grain yield under stress (Y12) 
conditions. Also YP and Y12 were also 
highly significantly and positively 

associated with drought indices MP and 
SSPI and they were closely related 
together. Otherwise, the highly 
significant and negative correlation was 
found among ATI, SSI and TOL with grain 
yield under both conditions. On the other 
hand, MP and SSPI were significantly and 
negatively correlated with ATI, SSI and 
TOL. In addition positive correlation was 
observed among ATI, SSI and TOL. 
Similar results were stated by Gaballah 
and AbdAllah (2015) and Mau et al., 
(2019) who reported that drought indices 
having a significant correlation with grain 
yield in both non-stressed and stressed 
conditions are reported to be suitable for 
selecting drought tolerant genotypes. 

 
Table 8. Correlation between drought yield indices studied 

  Yp Y12 ATI SSI MP TOL SSPI 
Yp 1             
Y12 0.90** 1           
ATI -0.12 -0.51** 1         
SSI -0.69** -0.92** 0.78** 1       
MP 0.96** 0.99** -0.37* -0.85** 1     
TOL -0.52** -0.84** 0.87** 0.96** -0.73** 1   
SSPI 0.52** 0.84** -0.87** -0.96** 0.73** -1.00** 1 

Yp = the potential grain yield under continues flooding  Y12 = the grain yield under irrigation every 
12 days 
ATI = abiotic tolerance index,  SSI = stress susceptibility index, MP = mean productivity, TOL = 
tolerance index stress and SSPI =susceptibility percentage index  
 
CONCLUSION 

Egypt suffers from a shortage of 
available water, so rice researchers are 
striving to develop varied genotypes that 
are tolerant to the long irrigation period. 
The investigation was conducted to 
assess the performance of some 
promising hybrid rice genotypes under 
different irrigation intervals and 
recognize the most suitable drought yield 
indices. According the results assessed 
from various parameters of drought 
tolerance indices, it revealed that, 
promising hybrid rice of IR 69625A/Giza 
181 gave the highest grain yield under 
different irrigation intervals and has 

lowest values of ATI, SSI and TOL and 
the highest values of MP and SSPI thus it 
was the most tolerant for stress of 
prolong irrigation period. 
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 أداء �عض هجن الأرز الم�شرة تحت فترات ري مختلفة 
 

 عرفات ید فاروق الس ،�طرس �شرى مخائیل ،حسن شحاتة حمد ،السید جو�ليالسید 
 مصر    - مر�ز ال�حوث الزراع�ة   –معهد �حوث المحاصیل الحقل�ة  –قسم  �حوث الأرز

 الملخص العر�ى  
�سبب نقص    حیث  الإجهاد الناجم عن نقص الم�اه من أهم العوامل البیئ�ة التى تتسبب فى  انخفاض إنتاج�ة الأرز�عد  
�مزرعة محطة    حقل�ة  أجر�ت تجر�هولذلك  أي مرحلة من مراحل النمو الحرجة للأرز في انخفاض المحصول.    عندالم�اه  

(الرى    مختلفة   فترات رى   دراسة تأثیرهدف ب   ٢٠١٩و ٢٠١٨مصر خلال موسمى   -�فر الش�خ    -ال�حوث الزراع�ة �سخا  
�ل    مستمرال الرى  و   ٦و   انتاج�ة    یوم)  ١٢و    أ�ام  ٩  أ�ام  تراكیعلى  وراثیــــوخمس  الأرز    ةــــب  محصــــول  مــــن 

 and (IR 69625A/Giza 179) ,(IR70368A/Giza 178) ,(IR 69625A/Giza 178) ,(Giza 178)وهـــى
IR 69625A/Giza 181) . (   مكررات حیث تم وضع  فترات    أر�عةفي    الشرائح المتعامدةكان التصم�م المستخدم هو

مؤشرات مختلفة لتحمل الجفاف مثل مؤشر  عدة    دراسةتم  و .  القطع الراس�ةوالتراكیب الوراث�ة فى    الأفق�ةالرى فى القطع  
) البیئي  (ATIالتحمل  للإجهاد  الحساس�ة  ومؤشر   ،  (SSI  ومتوسط  ، ( MP(  الإنتاج�ة)  التحمل  ومؤشر   ،  (TOL ،  (

  هذا وقد   ) في تحدید أهم التراكیب الوراث�ة المتحملة لإجهاد نقص الم�اهSSPIومؤشر نس�ة المئو�ة للحساس�ة للإجهاد (
عدد    ،لجورةروع فى افعدد ال  ،وزن الدال�ة  ،طول الدال�ة  ،الن�ات  ارتفاع  تزهیر,  ٪٥٠حتى    الأ�امعدد    أنأوضحت النتائج  

نس�ة    ،الحبوب الممتلئة  عدد  ،فى الدال�ة  لكل�ةوعدد الحبوب ا  ،ح�ة١٠٠٠وزن    ،الدال�ة  عدد فروع  ،ى الدال�ةفالسنیبلات  
  بین فترات الرى و التراكیب الوراث�ة   �التفاعل  اتأثروا معنو�  المحصول البیولوجيو محصول الحبوب طن للهكتار و  العقد  

تحت الري �الغمر المستمر    (R69625A / Giza 181). تم الحصول على أعلى ق�م لمحصول الحبوب بواسطة  المختلفة
و    ATIأدنى ق�م لـ    (IR69625A / Giza 181)أعطى  فقد  خلال الموسمین. بناءً على نتائج مؤشرات تحمل الجفاف،  

SSI  وTOL  وأعلى ق�مMP  وSSPI أفضل التراكیب الوراث�ة المتحملة  لإجهاد نقص الم�اه.  �عد و�ناء عل�ه فأنه 
 
 
 
 
 
 
 
 
 
 
 

  السادة المحكمین  
 �فر الش�خ  –صابر السید صدیـــــــــــق    مر�ز ال�حوث والتدر�ب فى الأرز   أ.د/ 
   جامعة المنوف�ة -�ل�ة الزراعة    محمود الدسوقى إبراه�م   أ.د/ 


