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ABSTRACT

Two field experiments were conducted at the
experimental farm of the rice research and training
center (RRTC), Sakha, Kafr EI-Sheikh, Egypt during
2018 and 2019 seasons to investigate the effect of tow
irrigation intervals on growth, yield and its components
of some rice varieties.

The field experiments were laid out in strip-plot design
with three replications. The horizontal plot was
devoted to tow irrigation treatments, and rice varieties
treated with gamma rays at Fn were in sub plot design,
the date of sowing was in Maylst during the two
seasons.

Four rice varieties i.e., Sakha 101, Giza 178, Sakha 104
and Giza 177 treated with four different doses of
radiation, 150, 200, 250 and 300 kilo Rontgen in
privies study, these progenies at Fn.

The results of this study showed that, the interaction
between irrigation treatments and varieties was
significant every four days to heading (day), plant
height (cm), number of tillers (hill), number of
panicles/hills, sterility percentage (%), 1000-grain
weight (g), panicle weight (g), grain yield (t/fed) and
harvest index (%), in both seasons. The desirable
growth characters with grain yield were obtained from
the varieties Sakha 101 and Giza 178, implying that
these varieties are considered as a new promising line
tolerant to water stress.

1. INTRODUCTION

ice (Oryza sativa L.) is one of the

most important food crops in all over

the world. Efforts are required to
increase grain yield of rice per unit to meet
food requirements of over growing
populations. Water is the most important
single components of sustainable rice
production, especially in the traditional rice
growing. Rice is grown in lowland areas
under flooded conditions. More than 75% of

the world’s rice is produced under these
conventional continuous flooding irrigation
practices (Van et al., 2001).

Rice is the only cereal crops that can grow
for long periods of time understanding
water. Around 57% of rice cultivated area
grown on irrigated land, 25% on rainfed
lowland, 10% on the uplands, 6% in deep
water and 2% in tidal wetlands (IRRI-2002).
Water requirements of rice are considered a
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serious problem in Egypt because of limited
irrigation water available from the river Nile.
Due to shortage of irrigation water can’t be
expand rice cultivating area. Therefore, the
success in develop some varieties which
cultivate with less water or tolerate to water
stress or some technologies for efficient
management of water, it will be possible to
expand the rice cultivated area.

So, the objectives of this study are: Evaluate
some rice varieties under water stress
conditions and estimate the effects of water
stress on morphological characters and grain
yield with its components.

2. MATERIALS AND METHODS

Two field experiments were conducted at the
experimental farm of the rice research and
training center (RRTC), Sakha, Kafr El-
Sheikh, Egypt during 2018 and 2019 seasons
to investigate the effect of tow irrigation
intervals on growth, vyield and its
components of some rice varieties. The field
experiments were laid out in strip-plot
design with three replications. The
horizontal plot was devoted to tow irrigation
treatments, i.e.; irrigation every 4 days,
irrigation every 12 days, the progenies (Fn)
from treated with doses of gamma rays 150,
200, 250 and300 of rice varieties results of
privies study (Draz et al., 2016) to four rice
varieties i.e. Sakha 101, Giza 178, Sakha
104, Giza 177 were in sub plot design, the
date of sowing was in Maylst during the
two seasons and remain cultural practices
were applied as recommended by (RRTC,
2012).

2.1 Studied characters

the data were collected on days to heading
(day), plant height (cm), number of
tillers/hills, number of panicles/hills,
sterility percentage (%), 1000-grains weight
(9), panicle weight (g), grain yield (t/fed)
and harvest index (%).

2.2 Statistical analysis

All data of this study were subjected to the
statistical analyzed as the technique of
analysis of variance for the strip plot design
as mentioned by Gomez and Gomez (1984),
by using means of “MSTAT-C” computer

software  package. Least significant
differences (LSD) method was used to test
the differences between treatment means at
5% level of probability as described by
Snedecor and Cochran (1980).

3. RESULTS AND DISCUSSION

3.1. Days to heading

The effect of irrigation intervals on days to
heading, plant height and number of
tillers/hills were highly significant at both
seasons. Earlier in heading was occurred by
increasing the irrigation intervals, as well as
number of days to heading was reduced
dramatically in all the progenies with water
stress. The highest mean values for plant
height and number of tillers/hills were
obtained from irrigation every 4 days and the
lowest mean values were obtained from
irrigation every 12 days, the desirable values
were recorded with irrigated every four days.
That meaning, the water deficit during the
vegetative growth stage delay flowering and
it is associated with grain vyield. These
findings were agreement with Jin Kang and
Futakuchi (2019) showed that, flowering
was delayed by 1.7 to 10.7 (4.5 on average)
days under drought condition compared with
that under the wet control condition.

In both seasons, the results indicated that, the
progenies which produced from treated with
gamma rays significantly differed in their
number of days to heading, plant height and
number of tillers/hills of all rice varieties.
There were highly significant among the
progenies produced from treated with
different doses of gamma rays, where
increasing doses of gamma rays delay
heading as shown in Table 1. The highest
mean values were obtained for dose 300
(103.56 and104.38 day) in both seasons and
the lowest mean values were detected by
doses 150 (100.00 — 100.19) in both seasons,
respectively. From the results, these varieties
are highly variable every four days to
heading. The results were in agreement with
those of Gowthami et al. (2016). The
character days to 50% flowering was
variation over control and observed in terms
of positive and negative direction in all the
doses of gamma rays.
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3.2. Number of tillers/hills

Regarding the effect of water stress on
number of tillers/hill (Table 1), it was
observed that water stress reduced tillers
number/hill. Irrigation at 4 days produced
the highest mean values (24.17 — 25.56) in
both seasons, respectively. While the lowest
mean values were obtained from irrigation
every 12 days (18.98 — 20.92 tillers/hill) in
both seasons, respectively. The obtained
results agreed with Islam and Moonmoon
(2017).

The rice varieties produced with dose 150
recorded the lowest mean values of the
number of tillers, the values ranged from
18.89 cm? to 19.90 cm? in both seasons. Data
presented in Table 1 show that, the numbers
of tillers/hill were significantly affected by
the varieties studied. The rice variety Sakha
101 produced with treated by dose 300
recorded the highest mean values of number
of tillers/hills in the first and second seasons,
the values ranged from 24.13 — 24.83
tillers/hill. While, the rice variety, Giza 177
produced by treated with dose of 150
recorded the lowest mean values for this trait
and ranged from 19.00 - 20.75 tillers/hill at
the two seasons, respectively.

Plant height was significantly affected by
water stress at different growth stages over
the treatment (3) (irrigation every 4 days). In
the severe water stress (irrigation at 12
days), plant height was significantly reduced
to be 91.13 cm - 92.01 cm compared to
100.87 cm — 100.12 cm during 2018 and
2019 seasons, respectively. The decrease in
plant height might be either due to inhibition
of cell elongation or cell division by severe
water stress as shown in Table 1. The results
indicated that the doses 300 recorded the
highest mean value of plant height, the
values ranged from 97.99 — 99.05. While
dose 150 recorded the lowest mean value
and ranged from 92.24 —93.58 cm. The most
desirable mean values towards dwarfing
were obtained from the varieties Sakha 101
and Giza 178. The varieties Giza 177
recorded the highest mean value of plant
the two varieties belong to japonica type.
The results were in agreement with those

height, the values ranged from 106.70 -
107.30. While the varieties SakhalOl
recorded the lowest mean value and ranged
from 95.08 — 94.72 cm.

The results in Table 2 indicated that, the
interaction between irrigation intervals and
rice varieties had a significant effect on days
to heading. The highest value of this trait
(110.66 —111.50) was recorded when using
SakhalOl treated with dose 300 under
irrigation every 4 days in both seasons.
While the lowest value of days to heading
(85.50) and (87.22) was detected when using
Gizal77 treated with doses 150 under
irrigation every 12 days in both seasons. It is
important to mention that, if the water
shortage applied at the beginning of the
reproductive stage usually results in delay in
heading, shortage of plants especially with
sensitive varieties.

The results in Table 3 indicated that the
interaction between irrigation intervals,
doses of gamma rays and rice varieties had a
significant effect on plant height. The
highest values of this trait (114.00 — 113.00)
was recorded when using Sakhal77 with
doses 300 under irrigation every 4 days in
both seasons. While the lowest values of
plant height (82.50) and (81.19) was
detected when using sakhalOl with doses
150 under irrigation every 12 days in both
seasons.

Results in Table 4 indicated that the two rice
varieties produced by treated with gamma
ray 300 recorded the desirable mean values
of number of tillers in both seasons (25.28 —
26.82cm?), respectively.

There were highly significant among rice
progenies every four days to heading, the
highest mean value was obtained for
Sakhal01l (107.27 - 108.44) and the lowest
mean value was detected by Giza 177 (94.95
— 96.23) in both seasons, respectively. This
result indicating that, these two promising
are highly variable every four days to
heading, as well as plant height and number
of tillers/hill although

found by Andrew et al. (2021) Showed that
significant reduction in days to flowering
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(up to 11.81% reduction) and plant height
(up to 40% reduction) combined with an
increase in single plant yield (up to 45.73%
increase) was observed in the mutant
population.

The interaction between the doses of gamma
rays and varieties had a significant effect on
number of tiller/hills as shown in Table 4.

The highest values of this trait (31.53 —
31.31) was recorded when using sakhal0l
with doses 300 under irrigation every 4 days
in both seasons. While the lowest values of
number of tiller/hill (14.63 — 14.12) was
detected when using Giza 177with doses 150
under irrigation every 12 days in both
seasons.

Table 1. Means of days to heading, plant height and panicle length as affected by irrigation
intervals and doses of gamma rays of some rice varieties during 2018 and 2019

Seasons

Irrigation intervals

Days to heading (day)

Plant height (cm) Number of tillers/hills

2018 2019 2018 2019 2018 2019
Irrigation every 4 days 103.74 104.00 100.879  100.121 25.56 24.17
Irrigation every12 days 99.58 100.25 91.131 92.012 20.92 18.98
F. test ** ** ** ** ** **
LSD at 0.05 0.636 0.641 1.118 1.120 1.053 1.052
Doses of Gamma Rays
150 100.19 100.00 93.58 92.24 19.90 18.89
200 101.09 101.79 95.17 94.81 21.71 22.45
250 102.98 103.03 96.20 95.00 24.52 25.23
300 103.56 104.38 99.05 97.99 26.83 25.28
F. test ** ** ** *%* *% **
LSD at 0.05 0.213 0.217 0.253 0.244 0.270 0.271
Rice varieties
Sakhal01 107.27 108.44 95.08 94.72 24.83 24.13
Sakhal04 104.03 103.12 105.60 104.54 23.57 22.43
Giza 177 94.95 96.23 107.305 106.701 20.75 19.00
Giza 178 101.59 102.66 100.39 99.17 23.80 23.54
F. test ** ** ** ** ** **
LSD at 0.05 0.197 0.207 0.318 0.315 0.174 0.173
I nteraCtlon ** ** ** ** ** **
I * D ** ** ** ** ** **
I *G ** ** ** ** ** **
D * G ** ** ** *%* *% **
I* D * G ** ** ** *%* *%* **

** * Highly significant and significant at 0.01 and 0.05 levels, respectively NS=Not Significant

Table 2: Means of days to heading as affected by the interaction between irrigation intervals,
doses of gamma rays and rice varieties during 2018 and 2019 seasons

Irrigation

Irrigation intervals x Doses of gamma rays x Rice varieties
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intervals Doses Days to heading (day)
of 2018 2019
Ty Sakhalol saknatos S O gupair saknaros G2 Gl
- 150 10251  100.00 9529 9665 10200  99.12 9442 97.44
'g\'/gf:/"i“ 200 10440 10350 9823 10000 10415  101.03 97.96 101.66
days 250 10883 10550 10050 10421  107.22 10497 101.00 103.20
300 11150 10850 10343 10833  110.66  109.66 10451 109.41
__ 150 98.83 9481 8550 9352  96.86 9517 8722 90.00
g\r/'egra“fzn 200 99.50 94.83 8750 95.54 97.14 96.44  89.02 96.12
dail/s 250 10353 9950 9443 9852  103.00 9741 9445 97.23
300 10532 103.00 9550 10252  103.88  103.65 9517 103.00
LSD at
0.05 0.559 0.557

** *Highly significant and significant at 0.01 and 0.05 levels, respectively. NS= Not Significant

Table 3: Means of plant height as affected by the interaction among irrigation intervals, doses
of gamma rays and rice varieties during 2018 and 2019 seasons
Irrigation intervals x Doses of gamma rays X Rice varieties

o Doses Plant height (cm)
Irrigation of
intervals ~ gamma 2018 2019
W sakhato1 sakhatos S S sakhaton sakaos S Gl
150 87.00 96.76 9750 9500  86.22 9533 9711 96.16
Irrigation 500 9154 10146 10216 10003 9002 _ 10025 101.84 99.13
e‘éz;ys“ 250 9650  107.02 10808 10656 9545 10669 108.00 10562
300 10000 11100 11400 11066 9913 11166 113.00 11054
150 82.50 8066 8383 8500  8LIO 8843 8254 8454
Irrigation — 200 85.52 9368 8666 8933  84.65 9221 8531 8313
e"gg’lslz 250 89.06 9755 9000 9300  90.32 9617 9800 9211
300 92.18 9932 9600 9743 9176 10017 9845 9532
F. test = x x x wx . . .
Lg_gSat 1115 1113

** * Highly significant and significant at 0.01 and 0.05 levels, respectively. NS= Not Significant

Table 4: Means of number of tillers/hills as affected by the interaction among irrigation intervals
and doses of gamma rays during 2018 and 2019 seasons
Irrigation intervals x Doses of gamma rays x Rice varieties
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Number of tiller/hills

Doses
I_rrigation of 2018 2019
iervels Y ays sakhalol  Sakhalod Cla O sakhaon saknaios G Gl
150 2600 2090 1850 2356 2576 1924  16.00 22.36
Irrigation 509 2846 2256 2123 2573 2658 2277 2059 24.22
e‘ézryys“ 050 2000 2460 2183 2754 2907 2565 2344 26.00
300 31.53 2500 2343 2840  31.31 2697 2400 27.67
150 1750 1800 1463 1911 1677 1755 1412 19.00
Irrigation 200 =~ 18.00  19.00 1600 20.00  19.00 2058  16.00 21.65
e"ggslz 250 2183 2170 1865 2200 2100 2184 1045 2336
300 23.00 23.03  19.66 2400  23.12 2372 2000 24.38
——— - o - o - o - o
o 0.187 0.185

**,* Highly significant and significant at 0.01 and 0.05 levels, respectively. NS= Not

Significant

3.3. Number of panicles/hills

3.3.1. Effect of irrigation intervals

The results in Table 5 indicated that, number
of panicles/hills was significantly affected
by the irrigation intervals. The most
effective interval was irrigation every 12
days for this trait, the values ranged from
18.02 - 19.25 panicles/hill. While irrigation
every 4 days gave the highest number of
panicles/hill (22.27 - 23.94) in the first and
second seasons, respectively, indicated to
shortage of water decreased the number of
effective panicles/hills. The results indicated
that the rice varieties produced by treated
with dose 300 recorded the highest mean
value of number of panicles/hills, the values
ranged from 24.98 and 25.45 cm in both
seasons, respectively. While rice varieties
produced by treated with doses 150 recorded
the lowest mean value and ranged from
17.66 — 18.89 cm in both seasons.

The results obtained showed that, the tested
rice varieties differed significantly in
number of panicles/hills. Sakha 101 rice
variety produced with high doses of gamma
rays recorded the highest mean values for

number of panicles/hill (22.88 — 24.00) in
the two seasons, respectively, while Giza
177 rice varieties recorded the lowest mean
value (19.47 — 18.56) in the first and second
seasons, respectively. The difference in the
performance of these varieties may be
attributed to the differences in the genetic
background and constitution of the rice
varieties.

The interaction among the irrigation
intervals and varieties had a significant
effect on number of panicles/hills as shown
in Table 6. The highest number of
panicles/hill (30.55 — 31.96) with deferent
doses when using irrigation every 4 days
with the Sakhal01 produced with treated by
highest dose of gamma ray in both seasons,
respectively. On the other hand, the lowest
values of number of panicles/hills (12.97 —
12.50) was recorded for rice variety Giza
177 produced by treated with dose 150 when
using irrigation at 12 days.

Table 5: Means of number of panicles/hills, sterility percentage, 1000-grain weight as affected
by irrigation intervals, doses of gamma rays and rice varieties during 2018 and 2019

Seasons

Irrigation intervals

Number of panicles/hills

Sterility percentage (%) 1000-grain weight (g)
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2018 2019 2018 2019 2018 2019
Irrigation every 4 days 23.94 22.27 8.02 9.14 26.79 27.19
Irrigation every12 days 19.25 18.02 11.57 10.00 21.27 21.33
F. test ** ** ** ** ** **
LSD at 0.05 0.510 0.510 0.076 0.075 0.855 0.854
Doses of Gamma Rays
150 17.66 18.89 13.08 14.00 21.63 21.81
200 20.35 21.77 11.13 10.77 22.66 22.00
250 22.98 23.55 9.08 9.19 23.11 23.97
300 25.45 24.98 5.90 7.15 25.70 25.32
F' test ** *% ** ** **% *%x
LSD at 0.05 0.246 0.245 0.032 0.036 0.291 0.294
Rice varieties
Sakhal01 22.88 24.00 9.07 10.67 26.45 27.79
Sakhal04 21.77 20.32 9.68 8.64 25.77 26.17
Giza 177 19.47 18.56 11.64 10.00 26.20 27.82
Giza 178 22.33 21.66 8.80 10.06 22.68 22.44
F. test ** ** ** ** ** *%*
LSD at 0.05 0.279 0.267 0.043 0.045 0.224 0.224

** * Highly significant and significant at 0.01 and 0.05 levels, respectively. NS= Not Significant

Table 6: Means of number of panicles/hills as affected by the interaction between irrigation
intervals and rice varieties during 2018 and 2019 seasons

Irrigation intervals x Doses of gamma rays X Rice varieties

Irrigation Doses of
intervals gamma 2018
rays
Sakhal01l SakhalO4
150 2454 2050
Irrigation 200 2756  22.00
e‘éi?’s“ 050 2851 23.23
300 30.55 24.50
150 13.00 14.76
Irrigation 200  15.02  15.80
e"g;i’/slz 250 1800 18.68
300 19.00 20.77
F. test * -
"LSDat0.05 0.559

Number of panicles/hills

2019
Gli727a Gli728a Sakhal01 Sakhal04 ('1;;27"" ?'72;
1558 2150 2344  19.00 1478 20.81
1750 2216 2650  21.40  18.07 21.54
1857 2383 2856  23.00 19.67 24.00
2050 2558 3196 2322  21.78 2554
1297 1555 1319 1522 1250 16.56
71392 1633 1600 1675  13.00 17.05
"1500 1950 1820  19.08 1523 20.45
717.00 2150  20.00  21.00 1761 21.27
- - - o - -

0.553

**_* Highly significant and significant at 0.01 and 0.05 levels, respectively. NS= Not Significant

3.3.2.Sterility percentage

Sterility percentage was significantly
affected by the irrigation intervals. The most
desirable interval was irrigation every 4 days
for this trait. The values ranged from (8.02 —
9.14%). The most effective interval was
irrigation every 12 days. Irrigation every 12
days recorded the highest sterility
percentage (11.57 — 10.00%) in the first and
second seasons, respectively. Indicated that,

the dose 300 k rad recoded different values
of sterility percentage (%), the values ranged
from 5.90- 7.15 cm in both seasons,
respectively. While dose 150 k rad recorded
the highest sterility percentage (13.08 —
14.00 %) in both seasons. The results
showed that, the tested rice varieties differed
significantly in sterility percentage. The
variety Giza 177 and Sakhal01 produced the
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highest mean values of sterility percentage
(11.64% - 10.67%). While Giza 178 and
Sakha 104 produced the lowest sterility
(8.80 %- 8.64 %) under 12 days as irrigation
intervals in the first and second seasons,
respectively.

The results in Table 7 indicated that the
interaction among the irrigation intervals,
doses of gamma rays and rice verities had a
significant effect on sterility percentage. The
highest values of sterility trait (15.73% —

16.00%) was recorded when using rice
Gizal78 produced with dose 150 gamma ray
under irrigation every 12 days in both
seasons. While the lowest values of sterility
percentage % (2.21% — 3.18%) was detected
when using Sakhal01 produced with highest
doses of gamma ray under irrigation every 4
in both seasons.

Table 7: Means of sterility percentage as affected by the among irrigation intervals, doses of
gamma ray and rice varieties during 2018 and 2019 seasons

Irrigation intervals x Doses of gamma rays x Rice varieties

Irrigation Dcc);es Sterility percentage (%)
intervals gamma 2018 i 2019 i :
f3YS  Sakhalol Sakhal04 ?'727"‘ Giza178 Sakhal0l Sakhal04 61'727‘" ?'725
o 150 6.48 1145 1002  13.92 7.23 1150 1015 1350
'g\'/ge?;'j“ 200 563 9.93 9.80 1250 5.09 1040 844 12.33
days 250 4.00 8.65 704 1184 350 8.77 800 1250
300 221 757 6.04 9.14 3.18 791 6.78 1048
__ 150 15.00 1466 1355 1573 15.88 1517 1432 16.00
'g\r/ga“f; 200 12.94 12.31 11.23 15.49 14.21 13.51 12.96 15.43
dazs 250 11.50 1160 1050  13.47 13.33 1200 1022 15.66
300 11.00 10.14 8.97 11.87 11.62 1136 9.00 13.00
LSD at
505 0.123 0.127

** * Highly significant and significant at 0.01 and 0.05 levels, respectively. NS= Not Significant

3.4.1000-grain weight

The results indicated that 1000-grain weight
was significantly affected by the irrigation
intervals. The most effective interval was
irrigation every 12 days for this trait. The
values ranged from (21.33 g - 21.27 @).
While irrigation every 4 days gave the
highest values of 1000-grain weight (26.79 ¢
— 27.19 g) in the first and second seasons,
respectively. Indicated to the shortage of
water affected on grain filling rate. The
results indicated that the doses 300 gave the
highest mean value of 1000-grain weight,
the values ranged from 25.32- 25.70 g in
both seasons, respectively. While doses 150
gave the lowest mean value and ranged from
21.63 — 21.81 g in both seasons.

The results in Table 5 also showed that the
tested varieties differed significantly in

1000-grain weight. Sakha 101 rice variety
produced the highest mean values of 1000-
grain weight (26.45 - 27.79 g) in the two
seasons, respectively. While Giza 178
recorded the lowest 1000-grain weight
(22.68 — 22.44¢) in the first and second
seasons, respectively. The difference in the
performance of these varieties may be
attributed to the differences in the genetic
background and constitution of the varieties
as well as their level of water shortage-
tolerance.

The results in Table 8 indicated that the
interaction between irrigation intervals,
doses of gamma rays and rice varieties had a
significant effect on 1000-grain weight (g).
The highest values of this trait (29.33 —
28.37) were recorded when using Sakha 101
with doses 300 under irrigation every 4 days
in both seasons. While the lowest values of
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1000-grain weight (19.50g) and (19.559)
were detected when using Giza 178 with
doses 150 under irrigation every 12 days in

both seasons. These results are in agreement
with those reported by Hossain et al. (2020).

Table 8: Means of 1000-grain weight as affected by the interaction between irrigation intervals,
doses of gamma rays and rice varieties during 2018 and 2019 seasons

Irrigation intervals x Doses of gamma rays X Rice varieties

1000-grain weight ()

L. Doses of
Irrigation
intervals gamma 2018
rays
Sakhal01 Sakhal04
i 150 25.50 24.00
'g\'/g?;'i” 200 2557 24,66
days 250 27.66 25.66
300 29.33 27.20
__ 150 22.60 21.27
';\r/'egra“fzn 200 23.97 2223
dail/s 250 24.00 23.40
300 2550 24.20
F. test = o
LSD at 0.05 0.463

2019
?'7276‘ ?'7286‘ Sakhal0l Sakhal0d4 ?'7275‘ ?'72;
2550 2000 2400 2431 2500 2156
2650 2200 2421 2418 2589 2223
2708 2316 2611 2344 2613 2378
2800 2550 2837 2416 2677 25.00
2166 1950 2221 2180 2231 1955
2276 2016 2330 2200 2287 2113
2360 2166 2408 2326 2341 2200
2450 2233 2560 2450 2520 23.66
*k *k *k * % *k *k
0.65

** * Highly significant and significant at 0.01 and 0.05 levels, respectively. NS= Not Significant

3.5. Panicle weight

The results indicated that panicle weight was
significantly affected by the irrigation
intervals. The most effective intervals were
irrigation every 12 days for this trait. The
lowest values ranged from 3.14 g to 3.28 g.
While irrigation every 4 days gave the
highest values of panicle weight (4.03g —
457 @) in the first and second seasons,
respectively.

The results in Table 9 show that, the tested
varieties differed significantly in panicle
weight. Sakha 101 rice varieties produced
the highest mean values of panicle weight
(3.77 — 3.87 g) in the two seasons,
respectively. While Giza 177 recorded the
lowest panicle weight (3.33 — 3.22 g) in the
first and second seasons, respectively. The
difference in the performance of these
varieties may be attributed to the differences
in the genetic background and constitution
of the varieties as well as their level of water
shortage tolerance.

The results in Table 10 indicated that the
interaction between irrigation intervals,
doses of gamma rays and rice varieties had a
significant effect on panicle weight. The
highest values of this trait (5.18 g — 5.00 g)
were recorded when using Sakha 101 with
dose 300 under irrigation every 4 days in
both seasons. While the lowest values of
panicle weight were 2.60 g and 2.64 g
detected when using Giza 177 with dose 150
under irrigation every 12 days in both
seasons.

Table 9: Means of panicle weight, grain yield and harvest index as affected by irrigation
intervals, doses of gamma rays and varieties during 2018 and 2019 seasons

Panicle weight (g)

Grain yield (t/fed) Harvest index (%)

Irrigation intervals

2018 2019 2018 2019 2018 2019
Irrigation every 4 days 4.03 4.57 4.860 4.793 44.21 43.15
Irrigation every12 days 3.14 3.28 3.371 3.307 32.64 32.06
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** ** ** **

F. test *x wx
LSD at 0.05 0.09 0.11 0. 028 0.021 0.285 0.284
Doses of Gamma Rays
150 3.18 3.27 4.006 3.960 33.06 33.84
200 3.47 3.60 4.233 4.196 36.28 35.19
250 3.69 3.82 4.450 4.386 39.76 40.32
300 4.00 4.15 4.504 4.456 44,59 44,76
F. test ** ** ** ** ** **
LSD at 0.05 0.044 0.047 0.013 0.009 0.150 0.144
Rice varieties
Sakha 101 3.77 3.87 4.379 4.334 43.26 43.41
Sakha 104 3.53 3.57 4.048 3.987 39.54 40.89
Giza 177 3.33 3.22 3.890 3.816 36.82 35.34
Giza 178 3.71 3.78 4.144 4.113 41.08 42.00
F. test ** ** ** ** ** **
LSD at 0.05 0.049 0.052 0.002 0.001 0.136 0.132
I nte raCtl on ** ** ** ** ** **
I * D ** ** ** ** ** **
I *G ** ** ** ** ** **
D * G ** ** ** ** ** **
I* D * G ** ** ** ** ** **

*** Highly significant and significant at 0.01 and 0.05 levels, respectively. NS= Not Significant

Table 10: Means of panicle weight as affected by the interaction between irrigation intervals,
doses of gamma rays and rice varieties during 2018 and 2019 season

Irrigation intervals x Doses of gamma rays X Rice varieties

Irrigation Doses of Panicle weight (g)
intervals gzigwr:a 2018 _ _ 2019 _ _
¥ sakhalo1  Sakha104 Clra O saknato1 saknatos G Gl
150 4.00 3.80 3.30 3.82 4.13 3.85 3.37 3.90
Irrigation 200 4.20 3.88 3.50 4.00 415 3.77 3.53 3.96
every 4 days 250 4.40 390 380 422 438 382 370 415
300 5.00 4.26 3.89 4.85 5.18 4.29 3.93 4.82
Irrigation 150 2.90 3.00 260 3.30 2.97 3.16 264 3.38
every 12 200 3.00 3.11 2.63 3.60 2.85 2.99 2.69 3.08
days 250 3.15 3.20 2.86 3.72 3.21 3.29 2.80 3.66
300 3.22 3.40 3.00 3.80 3.39 3.64 2.92 3.74
LSD at 0.05 0.070 0.068

** * Highly significant and significant at 0.01 and 0.05 levels, respectively. NS= Not Significant

3.6. Grain yield

The results in Table 11 indicated that the
interaction between irrigation intervals,
doses of gamma rays and rice varieties had a
significant effect on grain yield (t/fed). The
highest values of this trait (5.295 — 5.121)
was recorded when using Sakha 101 with

dose 300 under irrigation every 4 days in
both seasons. While the lowest values of
grain yield (t/fed) (2.800 - 2.860) was
detected when using Giza 177 with dose 150
under irrigation every 12 days in both
seasons.
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The results showed that, the highest mean
values of this trait was produced by using
irrigation every 4 days (4.860 t/fed - 4.793
t/fed) in both seasons, respectively. While
the lowest mean values were obtained by
using irrigation every 12 days (3.371 t/fed -
3.307 t/fed), respectively. In general, there
were significant differences among the
irrigation intervals studied for this trait.
Indicated to the shortage of water at different
growth stages had a greater grain vyield
reduction resulted from the reduction in
fertile panicle and filled grain percentage.
These results are in agreed with those found
by Abarshahr et al. (2011). The results
indicated that the dose 300 gave highest
mean value of grain yield (t/fed), the values
ranged from (4.504 t/fed — 4.456 t/fed) in
both seasons, respectively. While doses 150

gave the lowest mean value and ranged from
(4.006 — 3.960 (t/fed) in both seasons.

The results indicated that the two tested
varieties Sakha 101 (4.379 - 4.334 t/fed) and
Giza 178 (4.144 - 4.113 t/fed) produced the
desirable mean values of grain yield in the
first and second seasons, respectively. On
the other hand, Giza 177 produced the
lowest mean values of the grain yield, and
the values ranged from 3.816 - 3.890 t/fed in
both seasons. Differences performance of
the studied varieties may be attributed to
differences in genetic background and their
tolerance levels to water stress. These results
are in agreed with those found by Khanam
and Hamid (2016). Grain yield reduced
44% and 9% by WS1 and WS2, respectively
compared to well-watered condition.

Table 11: Means of grain yield as affected by the interaction among irrigation intervals, doses
of gamma rays and rice varieties during 2018 and 2019 seasons

Irrigation intervals x Doses of gamma rays X Rice varieties

. Doses of Grain yleld (t/fed)
Irrigation

intervals gamma 2018 2019
rays Giza Giza Giza Giza
Sakhal01l SakhalO4 177 178 Sakhal01 SakhalO4 177 178
150 4875 4570 3050 4.604 4715 4500 3.840 4590
Irrigation 200 4.998 4740 4140 4795  4.900 4670 4118 4.716
e‘éi%‘l 250 5.026 4800 4370 4839 5113 4830 4310 4.904
300 5.005 4915 4697 5004 5121 4887 4612 5.087
150 3.308 3470 2860 3712 3316 3390 2800 3.897
Irrigation 200 3.455 3500 2920 3897 _ 3.307 3517 3003 3.978
evj;islz 250 3.668 3780 3255 4050  3.660 3705 3300 4.212
300 3.780 3885 3465 4215  3.840 3.909 3565 4434

LSD at 0.05 0.07 0.02

*** Highly significant and significant at 0.01 and 0.05 levels, respectively NS= Not
Significant

3.7. Harvest index

The results in Table 12 indicated that,
harvest index (%) was significantly affected
by the irrigation intervals. Irrigation every
12 days recorded the lowest harvest index in
both seasons, the values ranged from
(32.64% - 32.06%). While, irrigation every

4 days recorded the highest harvest index
(43.15% - 44.21%) in the first and second
season, respectively. Indicated to the
shortage of water reduced the capacity of
plant in building up metabolites and this may
account in  turn to depression of
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photosynthesis efficiency of the leaves with
consequent reduction in harvest index.

The results indicated that the dose 300
recorded the highest mean value of harvest
index, the values ranged from 44.59% -
44.76% in both seasons, respectively. While
doses 150 gave the lowest mean value and
ranged from 33.06% - 33.84% in both
seasons. The results obtained showed that
the tested varieties differed significantly in
harvest index. SakhalOl rice genotype
produced the highest mean values of harvest
index (43.26% - 43.41%) in the two seasons,
respectively, while Giza 177 recorded the
lowest mean values (36.82% - 35.34%) in
the first and second seasons, respectively.
The difference in the performance of these
varieties may be attributed to the differences
in the genetic background and constitution

of the varieties these findings are agreement
with those reported by Rungrat and
Poothab (2019). The results showed that the
average grain yield per pot and the harvest
index decreased significantly by decreasing
the soil moisture content.

The results in Table 12 indicate that, the
interaction between irrigation intervals,
doses of gamma rays and rice varieties had a
significant effect on harvest index. The
highest values of this trait (50.22% -
51.21%) were recorded when using
sakhal0l1 with doses 300 under irrigation
every 4 days in both seasons. While the
lowest values of harvest index (24.66%) and
(25.00%) were detected when using Giza
177 with doses 150 under irrigation every 12
days in both seasons.

Table 12: Means of harvest index as affected by the interaction between irrigation intervals,
doses of gamma rays and rice varieties during 2018 and 2019 seasons

Irrigation intervals x Doses of gamma rays x Rice varieties

o D(c);es Harvest index (%)
intorvals gamma 2018 2019
W saknaron sakhatos S OP sapaior saknaros S G2
150 4427 4100 3687 4265  44.00 4276 3634  42.89
Irrigation ~ 500 45.32 4277 3835 4354 4539 4354 3812 4417
e‘éi%“ 250 4712 4345 4132 4539 48.76 4400 4287 4643
200 5022 4654 4464 4731 5121 4769 4439 4865
150 2643 2715 2466 3318 26.00 2822 2500 3243
Irrigation — 200 28.43 2067 2554 3400  28.77 2096 2618 3568
evggslz 250 29.00 3121 2800 3621 3011 3287 2943 3529
300 34.00 3544 3244 3945 3554 36.00 3377 4176
F. test o o o o o o o o
oo 0.368 0.384

**_* Highly significant and significant at 0.01 and 0.05 levels, respectively. NS= Not Significant.
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