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ABSTRACT

Two field experiments were carried out during two successive growing
seasons (2004 and 2005) in a farm located at Sahafa village. Sharkia Governorate, to
evaluate some new rice mutants comparing with the local variety Giza 177 ( sensitive
)and exotic rice variety IET 1444 ( tolerant ) for drought tolerance and efficient use of
irrigation water under three irrigation intervals, i.e., irrigation after 4 ( control ), 6 and 8
days for water stress treatments.

The results showed that :

1- Maximum grain yield and its components were obtained when rice plants were

irrigated every 4 days intervals, while increasing irrigation intervals up to 8 days

significantly decreased grain yield and its components.

Mutants MG 16 and MS 6 were superior in plant height, panicle length, number of

grains per panicle, panicle weight and 1000 grain weight, while the maximum

values of number of panicle / m® and straw yield were obtained by IET 1444

variety.

3- The ranking for grain yield (t/fed.) was as follows: MG 16 > IFT 444 > MS6 >
Giza177.

4- The interaction between irrigation intervals and rice genotypes had no significant
effect on yield or any of its attributes.

5- According to stress susceptibility index for different rice genotypes Mut. MG16
was tolerant to drought comparing with the cther genotypes.

6- The highest water use efficiency (WUE) was obtained by Mut. MG 16 under sever
water stress comparing to the other genotypes.

7- lrrigation of rice plant every 6 days interval saved 2140.74 m® / fed. (24.9 %)
comparing with the control treatment.

8- Mut. MG 16 with its highest yield, water use efficiency and lowest values of stress
susceptibility index under drought conditions, So, it was consider the most tolerant
comparing with the rest of genotypes.

INTRODUCTION

Rice is one of the major staple focd crops in Egypt, in addition to its
importance for export. During the past seventy years, world wide , more than
2250 varieties have been released , either as direct mutants or from their
progenies. Induction of mutation with radiation has been the most frequently
method used for directly developed mutant varieties, Ahloowalia et al.,
(2004).

Rice plant is known to consume much water of about ( 9000 m>/fed) .
Early maturing trait is considered as the main component to drought escape,
where drought escape was described as a systematic approach to varietal
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selection based on the relationship between grain yield and days to heading,
Fukai, and Cooper (1995).

Drought causes a reduction in biomass and consequently, in yield.
Yield losses are more severe when drought accurse the reproductive phase,
Sarkarung-et al., (1995). According to Dey, and. Upadhyaya (1996), where
the three critical stages of growth, seedling, vegetative and anthesis; drought
during anthesis is the most serious and devastating to yield because of its
adverse effects on pollination and the flowers become sterile. The decreased
in sugar delivery to reproductive tissues upon inhibition of photosynthesis
male gametophyte development Saini, (1997).

The grain yield and its components were highest at 4-days interval
and decreased as irrigation interval increased up to 8 days Abdel-Rahman,
et al., (2004).

The aim of this study was to evaluate some new rice mutants for
drought tolerance and efficient use of irrigated water under three irrigation
intervals.

MATERIALS AND METHODS

A mutation breeding program was carried out at the Experimental
Station belonging to the Nuclear Research Center to improve yield potential of
two rice commercial varieties, Sakha102 and Giza178 . As a resuit two high
yielding mutant lines were developed. These mutants were evaluated under
drought conditions ( various irrigation intervals ) during the summer seasons
of 2004 and 2005 in a farm located at Sahafa village, Sharkia Governorate.
The soil was loam in texture with pH 7.59 and Ec 2.9 dsm™' Some physical
properties of the experimental soil are presented in table (1).

Table (1): Soil properties of the used experimental field over the owo
seasons 2004 — 2005 .

i, Particle size distribution EC
*:’r‘:;'ly . [Sand__[sit By | i PR ds/m
46 40 14 Loam 7.59 2.9

The experiment was conducted in a split plot design with three
replications. The main plots were devoted to irrigation intervals and the sub-
plot to rice genotypes.

Three irrigation intervals, namely 4 days (Control), 6 days (Mild water
stress) and 8 days ( sever water stress) with flood water depth of 10 cm were
used. The application of water intervals started 15 days after transplanting.
The surface irrigation water added and calculated according to Israelsen, and
Hansen (1962).

V-notc equation : Q= 0.0138H "
Where :

Q = water quantity, Liter/sec.

H = water head, cm.
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The material consisted of four rice genotypes, Mutant (MS 6) that
selected from irradiated Sakha 102 with 200 Gy of gamma rays, Mutant (MG
16) that selected from irradiated Giza 178 with 300 Gy of gamma rays,
Sobieh et al., (2001).

local variety Giza 177 (Sensitive to drought) and exotic rice variety
IET 1444 (Resistant to drought).

Table (2) : Averages of irrigated water (m3 / fed)* for different rice
genotypes as affected by different irrigation treatments in

2004 and 2005 seasons.
. Total amount of water
Irrigation treatments 2004 2005 Average condina
Amount of irrigated water in
nursery. 796 796 796
Amount of irrigated water in
permanent field for 15 days
before applying irrigation 1223 1223 122
treatments.
Irrigation every 4 - days. 6728.04 | 642222 | 6575.13 8594.13
Irrigation every 6 — days 4587.30 | 4281.48 | 4434.39 6453.39
irrigation every 8 — days 3364.02 3058.20 | 3211.11 5230.11
*ha= 2.4 fed.

Rice seeds were broadcasted in separate nursery beds in May 15" in
both seasons. Thirty day-seedlings were transplanted in hills at rate of 5
seedling per hill at 20 x 15 cm spacing apart between rows and hill,
respectively. Phosphatic fertilizer as calcium super-phosphate (15.5% P,0Os)
was added at the rate of 100 kg/fed. during soil preparation to the nursery and
to the permanent soil, whereas nitrogen fertilizer was applied as ammonium
sulphate (20.5 % N) at the rate of 250 kg/fed. where % of the amount was
incorporated in dry soil before transplanting and the rest was added one week
before panicle initiation.

At harvest, plant height and number of pamcieslm were measured.
Ten main panicles were chosen at random from each plot for estimating
panicle length, pamcie weight, number of grains/panicle and 1000-grain
weight. A 2 m? from each sub-plots was harvested and threshed for grain
yield and straw yield estimation.

Drought susceptibility index (s) was calculated for grain yield (kg/fed.)
using the formula of Fisher. and Maurer (1978).

= (1-Yd/IYd) /(1 - Xd/Xd)
Where :
Yd = The yield of an individual genotypes under dry conditions.
Y8 = The yield of the same genotypes in the adequate moisture conditions.
Xd and X& = The average yield of all genotypes under dry and adequate
moisture conditions, respectively.
Water use efficiency : ratio of grain yield to water used.Data of he two
seasons were subjected to analysis of variance according to Gomez and
Gomez (1984). and treatment means were compared by LSD test.
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RESULTS AND DISCUSSION

1- Effect of irrigation intervals :

Concerning the effect of irrigation intervals on yield and its attributes of
rice genotypes data presented in Table 3 and 4 clearly showed that irrigation
intervals had no significant effect on 1000-grain weight in both seasons.
Irrigation intervals exhibited highly significant effect on plant height in the two
growing seasons. Sever water stress significantly decreased plant height
from 7.40 to 10.77 % in the two growing seasons as compared to the control.
Reduction in plant height reported by McCauley, (1990). from 9.0 to 29.0 %.
From Table (3) it could be observed that irrigation treatment had significant
effect on panicle length in both seasons. Sever water stress decreased
significantly panicle length from 10.38 to 8.52 % in the two seasons as
compared with the control( 4 day interval). Also, irrigation intervals caused
highly significant effect on number of grains per panicle in the two grcwing
seasons.

Table (3) : Average plant height, panicle length,number grains per
panicle and Panicle weight as affected by irrigation interval
and rice genotypes during 2004 and 2005 seasons.

Plant height Panicle length | No. Grains per | Panicle weight

Treatments {cm) (cm) panicle (a)
2004 2005 2004 2005 2004 2005 2004 | 2005

Irrigation interval

4 days 10292 | 10390 | 25.22 | 25.00 [ 16915 | 170.90 | 4384 4.82

6 days 98.72 | 98.80 24.1 24 20 1569 | 16015 | 463 {443 v
8 days 0530 | 9322 | 22.87 | 2287 | 1395 | 14507 | 4.01 410, |.
Etest . - Fry . . T P :
LSD (005 5.46 5.01 1.58 2.38 2350 | 1589 | 0.765 | 0.829
Rice genotypes

Giza 177 76.56 76.10 18.70 19.00 94 53 97.40 269 2.84
Mut. MS 6 10320 | 10406 | 27.33 | 26.96 | 18266 | 19433 | 543 5.49
Mut. MG 16 12943 | 12896 | 28.10 | 27.56 | 19666 | 201.33 | 6.62 6.37
IET 1444 86.73 | 8543 | 2253 | 2256 | 146.86 | 146.76 | 3.23 3.18
F-test - T - Fr - = r .
LSD aos) 716 6.03 1.53 1.59 1360 | 13.75 | 0500 | 0.664

Sever water stress significantly decreased the number of grains per
panicle from 17.52 to 15.11 % in two seasons as compared to the control.
These results agreed with those obtained by Lilley and Fukai, (1994).

They reported that in reproductive severe stress treatment, grain
number per panicle was significantly reduced by water deficit for all cultivars,
indicating that damage to the panicle occurred when spikelets were forming,
during either the water deficit period or the recovery period when crop growth
rate, and therefore assimilate supply were small. From Table (3) it could be
noticed that irrigation intervals had a significant effect on panicle weight in the
two growing seasons. Also high water stress significantly decreased the
panicle weight from 17.1 to 14.93 % in the two seasons as compared to the
control.

With respect to number of panicles/m2 results in Table (4) showed that
irrigation intervals had a significant effect on number of panicles/m2 in the two
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growing seasons. At sever water stress significantly decreased the number of
panicles/m2 from 16.24 to AT % in the two seasons. Similar results were
obtained by Castillo et al., (1992).

Table (4) : Average 1000-grain weight, no. of panicles Im?, Grain yield
and straw yield (t/fed.) as affected by irrigation interval and
rice genotypes during 2004 and 2005 seasons.

1000-grain weight | No. of panicles Grain yield Straw yield
Treatments (a) Im’ (t/ fed). (t/ fed).
2004 2008 2004 2005 2004 2005 | 2004 [2005

Irrigation interval
4 days 29.15 29.12 | 51933 | 533.9* 499 4.99 529 |5.20
6 days 28.65 2862 | 479.22 | 486.99 4.48 4.56 497 | 4.86
8 days 2757 2762 | 43499 | 43399 | 394 4.04 447 | 448
F-test NS NS - o ' 2 = NS
LSD ey 51.74 | 83.70 0.926 1.32 | 0.676
Rice genotypes
Giza 177 27.10 26.63 | 48466 | 49488 [ 215 232 293 | 297
Mut. MS 6 3066 | 31.17 | 469.33 | 36866 496 5.06 458 | 459
Mut . MG 16 3553 | 35.30 | 369.77 | 373.55 5.42 5.39 559 | 538
IET 1444 20.53 20.73 | 688.44 | 702.88 5.32 5.34 6.54 | 6.46
F_teSt - e - - - . - LAl
LSD oos) 1.84 1.75 63.73 £6,7Y 0804 | 0743 |0.87310.771

who stated that reduction in panicles/m2 or plant caused by water
deficit.

As shown in Table (4) water deficit by prolonging irrigation intervals
significantly reduced grain yigld in the two seasons. Redurt~= i+ vield was
greater under sever water stress (iriiyation every 8-days) from.2:.0% 42 19.03
% in the two seasons than under mild water stress treatment (irrigation every
6-days) from 10.62 to 8.61 %). As a significant reduction in yield by increasing
irrigation interval from 4 to 8 days while, no significant differences between
irrigation every 4-days and 6 days. Similar results were obtained by Sorur, ef
al., (1998).

who found significant reduction in yield by increasing irrigation interval
from 3 to 12 days and no significant differences between continues flooding
and irrigation every 6 days were recorded .

The amount of imigation water delivered to each irrigation interval

showed that water stress treatments may be saved about 24.90 % (2140.74
m3/fed.) and 39.14 % (3364.02 m3/fed.) of irrigated water, over the control,
respectively.Results presented for grain yield (Vfed.) showed that no
significant difference between irrigation every 4 days and € days.
Accordingly, it could be saved about 24.9 % (2140.74 m3/fed.) using irrigation
every 6 days. Similar results obtained by Aidy, et al (2003,who used alternate
irrigation during rice growth season. They reported that the amount of water
saved using prolonged irrigation regime ranged from 19 to 39 %.
Also, irrigation intervals caused a highly significant effect on straw yield
(t/fed.) in the first season. While, they had no significant effect on the second
season it could be stated that watering rice plants each 4 day interval record
the maximum grain yield and could be recommended .
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2- Genotypes differences :

Highly significant differences were detected between the tested rice
genotypes regarding plant height, panicle Iength,zgrains per panicle, panicle
weight, 1000-grain weight, number of panicles/m* as well as grain and straw
yields. Data in table 3 and 4 showed that Mut. MG 16 and Mut. MS 6 were
superior in plant height, panicle length, grain per panicle, panicle weight,
1000-grain weight. However, IET 1444 was superior regarding number of
panicles/m? and straw yield (t/fed.).

As shown in Table (4) results presented for grain yield (t/fed.) showed
that no significant differences between rice genotype Mut. MG 16, |IET 1444
and MS6 as compared to Giza 177. Mut. MG 16 recorded a highly significant
grain yield (t/fed.) followed by IET 1444, and then Mut. MS 6 . While, Giza 177
had the lowest grain yield. Similar data were obtained by Shehata,. (1995).
and Ali, (2000).

Mut.MG16 posse the most increase in grain yield if compared with the

rest genotype.

3- Interaction effect :
Data presented in Table (5) showed that the interaction between

irrigation intervals and rice genotypes had no significant effect on yield or any
of its attributes in the two seasons , indicating that each of the two factors

acts independently.

Table (5) :The Interaction between irrigation interval and rice genotypes
for yield and its attributes during 2004 seasons.
2004 season
: 4 days 6 days 8 days
Tra 2 : - F-t
raits e ST MG TIET [Giza [MS [MG| 1ET [Giza [ MS [MG| BT | oo
177 | 6 | 16 |1444| 177 | 6 | 16 |1444| 177 | 6 | 16 | 1444
Plant height {cm) 80.8 (107.6/132.0] 61.3 | 77.3 [102.0{129.3| 86.3 71.6 [100.0[127.0] 82.6 | NS
Fanicle length (cm) | 20.5 | 28.8| 29.8 | 23.0 | 18.3 |27.6]275] 230 | 17.3 |256/270] 216 | NS
Grains per panicle 1080 |100.0/2160(153.6| 97.6 [185.0{108.0| 147.0 78.0 |164.0/176.0| 140.0| NS
Fanicle weight () 320 |574] 7.10 | 3.35 | 2.80 [545]/6.87| 3.40 2.09 [5.12]590] 2.95 NS
1000-grain weight (g) | 28.0 [31.0| 36.3 | 21.3 283 131.0/350] 203 | 25.0 [30.0]35.3[ 200 | NS
No. of panicles / m” | 535.3 1385.3 386.0]762.7) 498.0 |370.0/369.3] 680.0 [ 420.7 [342.7[354.0{ 622.7| NS
Grain yield (t/fed).| 2.64 [5.49] 5.90 504 | 205 |503]540] 536 | 1.76 [4.37 498 | 4.68 NS
[Straw yield (t/fed) | 3.28 | 4.91 501|704 288 |464|560] 6.78 | 2.64 [4.21]526 578 | NS

Table (5) : The Interaction between irrigation interval and rice
genotypes for yield and its attributes during 2005 season.
2005 season

4 days 6 days 8 days F-test

Giza| MS |MG] IET |Giza|M3 | MG | IET |Giza|MS |[MG| IET
177 | 6 |16 |1444| 177 | 6 | 16 |1444| 177 | 6 | 16 | 1444
Plant height (cm) | 82.0 [110.3(134.3 89.0 | 77.0 [102.6/130.6| 85.0 | 69.3 [99.311220) 823 | NS
Panicle length (cm) | 20.1 |27.8]28.3 23.8 | 19.1 [27.3]| 27.8 | 226 17.8 (258266 213 NS
Grains per panicle| 110.6 [205.01214.0 154.0 696 |190.0( 205.0 | 146.0 | 82.0 [173.0{185.0] 140.3 NS
Panicle weight (g)[ 3.31 [595]|6.74] 3.29 | 2.84 [5.46] 6.31 338 | 2.38 |5.06[6.07]| 2.89 NS
1000-grain weight (g)f 27.3 [31.3|36.6] 21.3 | 27.3 [316] 350 206 | 75.3 [306[34.3] 203 NS
o of panicles I m~ | 573.3 |413.3[395.3) 754.0 | 496.7 [368.7| 377.3 | 705.3 414.7 [324.0[348.0| 649.3 NS
Grain yield (t/fed) . | 2.62 15.60(5.82[ 593 | 2.45 |5.08 5.41 5§30 | 190 [452[495]| 4.79 NS
Straw yield (t/fed) | 3.32 |4.97[564] 6.89 | 2.89 [456] 5.34 6.67 | 2.70 [4.25/5.17| 5.83 NS

Traits
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4- Drought susceptibility index (s) :

The genotypes which showed drought index (s) value < 1 could be
considered as drought tolerant compared with these of (s) value > 1. As
shown in Table (6) drought index ranged from 0.739 for mut. MG 16 to 1.58
for Giza 177 in the first season. Meanwhile, these values reached 0.784 and
1.44 for mut. MG 16 and Giza 177, respectively, in the second season.
Stress susceptibility indices in the first season were 0.738, 0.971, 1.00 and
1.58 for mut. MG 18, MS 6, IET 1444 and Giza 177, respectively, vs 0.784,
1.01, 1.01 and 1.44, respectively in the second season. So, Mut. MG 16 is
considered more tolerant to drought than the other rice genotypes.

Table (6) : Drought susceptibility index ( s ) of some rice genotypes for
grain yield (t/fed) . during 2004 and 2005 seasons.

2004 2005
i Drought | . Drought
Genotypes High level | Low level susceptib High level | Low level susceptib
of water | of water | . "~ of water | of water |...
ility index ility index
stress stress (s) stress stress (s)
Giza 177 1.76 2.64 1.58 1.90 2.62 1.440
Mut. MS 6 4.37 5.49 0.97) 4.52 5.60 1.010
Mut. MG 16 4.98 5.90 0.738 4.95 5.82 0.784
IET 1444 4.68 5.94 1.00 479 5.93 1.010
Mean 3.94 4.99 - 4.04 4.99 -

5- Water use efficiency (W.U.E) :
Table (7) shows the values of water use efficiency as a function of
three irrigation intervals and rice genotypes for grain yield.

Table (7) : Number of irrigations, irrigation quantity and water use
efficiency (WUE) of grain yield (kg/fed.) of rice genotypes as
affected by irrigation intervals in 2004 and 2005 seasons.

Irrigation | Number of irrigatti‘ctm (WUE) of grain yield (kg/fed.)
intervais | irrigations | TuEt | Giza 177 M“té MS M“:'SMG IET 1444
2004
4 days 22 7951.32 0.332 0.680 0.742 0.747
6 davs 15 5810.58 0.352 0.865 0.929 0.922
8 days 11 4587.30 0.383 0.952 1.080 1.020
2005
4 days 21 7645.50 0.342 0.732 0.761 0.775
6 days 14 5504.76 0.445 0.922 0.982 0.962
8 days 10 4281.48 0.443 1.050 1.150 1.110

Under 4-days (Control) which received 7951.32 , 7645.50 m’
water/fed. in the first and second seasons respectively, we can arrange WUE
for the different rice genotypes in the following order : IET 1444 > Mut. MG
16 > MS 6 > Giza 177. While, under 6-days (mid stress) which received
5810.58 , 5504.76 m® water/fed. in the first and second seasons respectively,
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we can arrange WUE for the different rice genotypes in the following order :
Mut. MG 16 > IET 1444 > MS 6 > Giza 177.

Under 8-days (High stress) which had 4587.30 , 4281.48 m’
water/fed. in the first and second seasons, respectively. The WUE for
different rice genotypes can be ranked in the following order :

Mut. MG 16 > IET 1444 > MS 6 > Giza1777.

It could be concluded that 8-days (High stress) achieved the highest
water utilization efficiency value. While the lowest value was obtained after
4-days (control). Regarding to rice genotypes it is evident that Mut. MG 16 is
superior in water utilization efficiency than the other rice genotypes under mid
and high stress. Similar results were obtained by El-Sabbagh et al., (1997).
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