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Abstract

This study was implemented during three successive seasons;
2011, 2012 and 2013 at the experimental farm of Rice Research and
Training Center, Sakha, Kafr El-Sheikh, Egypt. Six rice genotypes with
different water stress tolerance were crossed Three crosses viz; cross I
{Tsuyuake (tolerant) X Sakha 103 (sensitive)} were produced, cross II
{Zenith (tolerant) X Sakha 104 (moderate)} and cross III {BL1 (moderate)
X Sakha 106 (sensitive)}. Six populations of P1, P2, F1, BC1, BC2, and F2
for each cross were used in the present study. Results indicated that high
differences between the six parents for all root characters, as well as,
grain yield and its related traits under water stress conditions. Parent
Tsuyuake gave the highest mean values for most of the studied traits,
while, the lowest mean values were recorded for Sakha 106 rice cultivar.
Highly significant positive heterosis and heterobeltiosis was estimated for
some root characters and grain yield and its component especially in
crosses I and II. Negative over dominance were recorded for root fresh
weight, days to 50% heading, plant height and grain yield/plant in cross
III, as well as, 100 grain weight in the three crosses and sterility
percentage in crosses I and III. Low and positive inbreeding depression
values were estimated for 100 grain weight in crosses I and III. Epistatic
gene effect had a significant contribution in inheritance of all studied
characters. Additive genetic variance was greater than the dominance
genetic variance for root volume and grain yield/plant in cross II, root
fresh weight and days to 50% heading in crosses II and III, root / shoot
ratio in crosses I and III ,as well as, plant height and panicle length in the
three crosses. Heritability in broad sense ranged from low to intermediate
and high in the three crosses but was low in narrow sense. Low predicted
genetic advance (3.99) for root number / plant to high value (30.15) for
root length in the cross III were found. Tsuyuake and Zenith may be
useful genotypes in breeding program for water stress condition. This
conclusion might be useful for rice breeders in planning a selection
program for improving root characters and productivity of rice under
stress conditions.
Kay words: Rice, Root characters, Grain yield, Six population, Heterosis,
Heritability, Inbreeding depression, Genetic advance.

INTRODUCTION

Water stress is the major constraint for rice growing under rainfed lowland
and upland conditions. Rice area is annually supposed to be million faddans, but it
highly increased during the last five years due to high net return of rice comparing to
other summer crops. To provide a basis for integrating physiological research with
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plant breeding objectives we define water stress resistance in terms of relative yield of
genotypes. Therefore, a water stress tolerance genotype will be one which has a
higher grain yield than others when all genotypes are exposed to the same stress. A
major reason for the slow progress in breeding for water stress tolerance in rice is the
complexity of the water stress environment, which often results in the lack of clear
identification of the target environments (Fukai et al., 1996).

The improvement strategy being used in Egypt considers three mechanisms
that influence yield in the water stress prone targets: yield potential as an important
mechanism for water stress (where, yield loss is less than 50 %), water stress escape
(appropriate phenology) and water stress tolerance traits of sterility and days to
heading. The plant breeding program uses rapid generation advance techniques that
enable early yield testing in the target population of environments through inter-
station and on farm trials. Although progress can be made by selection for yield in the
target environments using root traits that are associated with water stress tolerance
can hasten that progress.

Root characters responsible the adaptability to water stress are root length
and root / shoot ratio. The deep roots of rice plant help to explore different levels of
soil moisture (Bashar, 1987). The selection for desirable root characters through grain
yield and its components has been a major objective in breeding for water stress
tolerance of rice. Therefore the present study aimed to determine the inheritance of
some rice root characters and grain yield and its related traits witch can be used as
selection criteria for selecting water stress tolerant genotypes.

MATERIALS AND METHODS

Field experiment was carried out at the experimental farm of Rice Research
and Training Center (RRTC), Sakha, Kafr El-Sheikh, Egypt, during three successive
rice seasons; 2011, 2012 and 2013. Six rice varieties differing in water stress
tolerance level namely; Tsuyuake, Sakha 103, Zenith, Sakha 104, BL 1 and Sakha 106
were used in this study.

The six genotypes were crossed to produce F; hybrid seeds of three crosses;
cross I {Tsuyuake (tolerant) X Sakha 103 (sensitive)}, cross II {Zenith (tolerant) X
Sakha 104 (moderate)} and cross III {BL1 (moderate) X Sakha 106 (sensitive)}. Six
populations Py, P,, F;, BC;, BC, and F, for each cross were utilized to determine the
genetic parameters, heterosis, heritability and genetic advance of all studied
characters.

Field experiment procedures:

In 2011 season rice genotypes seeds were taken from the pure stock of the
Rice Research and Training Center (RRTC) collection and grown at RRTC experimental
farm in three planting dates with ten days interval in order to overcome the



ELKHOBY, W. M. H., et. al. 531

differences in flowering time between the parents. Thirty days old seedlings of each
parent were individually transplanted in seven rows. Each row was 5 m long and
included 25 hills. At flowering time, hybridization between parents was carried out,
following the technique proposed by Jodon (1938). In 2012 season, parents and F;
hybrid seeds of the three crosses were planted under normal conditions. At heading,
parents were crossed again to produce more F; hybrid seeds of the three crosses.
Moreover, some of F; plants were left for self-pollination to produce F, seeds, while
some other F; plants were crossed with their own parents to produce BC; and BGC,
seeds. Seeds of different generations were individually harvested to be grown in the
next season (2013). Eighteen stocks of different generations (6 parents, 3F;’ s, 3 BCy
s, 3 BCy s and 3F, s,) were sown on May 15" in a randomized complete blocks design
experiment with three replications. Each replicate contained 10 rows of each Py, P,
and 4 rows of each F;, BC;, BC, and 20 rows of F,, Rows were 5 m long and 20 x 20
cm apart and the rest cultural practices were applied as recommended. Flushing water
irrigation every 12 days was used (15 days after transplanting). At maximum tillering
stage, a metal cylindrical sampler, 20 cm in diameter and 50 cm high, was forced into
the soil, including one hill, to obtain its root system up to 50 cm depth and root
characters were measured for all the studied materials. At harvest 30 plants from Py,
P, and Fy,s, 60 plants from BCy's and BCy's and 200 plants from each F, population
were taken individually at random and threshed separately to determine grain
yield/plant and its components. Root length, root number/plant, root volume, root
fresh weight, root/shoot ratio, days to 50 % heading, plant height, panicle length,
number of panicles/plant, 100 grain weight, sterility % and grain yield / plant were
studied or estimated.
Soil physical properties:

Soil physical properties of the experimental site shown in Table (1), were
determined, according to FAO (1976) and Black (1965)

Table 1. Soil physical properties of the experimental site in 2013 season.

. Particle size distribution .
Soil depth (cm) - Soil texture
Sand % Silt % Clay %
0-20 16.23 20.18 62.59 Clay
20-40 18.34 29.27 50.45 Clay
40-60 21.56 31.54 49.16 Clay

Monitoring soil moisture:

Soil samples were collected before and two days after each irrigation from 3

successive layers (20 cm each) to determine soil moisture content (Table 2).
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Table 2. Soil moisture contents of the experimental site in 2013 season.

Permanent wilting Available water(AW)
Soil depth(cm) Field capacity (F.C) point (PWP) (%) (cm) Bulk density
(%) (g/cm?)
0-20 41.13 25.42 16.48 1.22
20-40 35.46 23.26 12.63 1.36
40-60 26.53 21.28 15.42 1.25

Metrological elements:

Values of the climatologic elements were obtained from the meteorological
station at El- karaka, Kafr El-Sheikh, Governorate, situated at 30 to 47 N latitude and
31 longitude and 15 m altitude. Air temperature (°C), air relative humidity (RH) and

wind speed were recorded daily during 2013 season (Table 3).

Table 3. Mean of some meteorological data in 2013 season.

Month °C RH(%) Wind velocity(Km/day)
June 21.35 66.54 112.34
July 23.54 72.69 100.58
August 26.58 74.78 88.91
Sept. 24.32 82.36 91.46

Radition method:

ETo = CX (W.Rs.)

Where:

ETo = potential crop evapotranspiration in mm/day

C = adjustment factor which depends on mean humidity and daytime wind condition
W = weighting factors which depend on temperature and altitude

Rs = the solar radiation expressed in equivalent evaporation in m/day.
Estimation of crop coefficient (KC):

Crop coefficient was estimated, according to FAO (1990), as follows:

KC = ETc / ETp

Where:

ETc = actual evapotranspiration, mm/day

ETp = potential evapotranspiration calculated by the modified penman equation,
mm/day

Kc = crop coefficient, dimensionless.

Estimation of the potential evapotranspiration (ETp):

ETp was estimated for 4 months from June until September by radiation method.

The amount of water needed for land preparation for nursery or permanent
field was recorded, besides the amount of water needed for raising the nursery or
through the first nine days after transplanting (seedling establishment period) ,as well
as, the amount of water used for replenish the plots. Water depth at every irrigation
was kept at 5 cm height.
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Water relations:

Total water applied, i.e. the amount of water delivered to each plot plus
amount of water applied in both nursery and permanent field for applying three water
treatments was measured for each variety.

Water consumptive use:

Soil moisture content was determined before and after each irrigation to
calculate water consumptive use, according to Israelsen and Hansen (1962) as the
following formula:

0,761
Cu= 3" - x Bd x D x 4200m?
100
Where:
Cu = water consumptive use in each irrigation (cm?)
@, = soil moisture percent after irrigation (%, d.b)
@03 = soil moisture percent before irrigation (%, d.b)
Bd = soil bulk density in g/cm®
n = number of irrigation times
1 = humber of soil layer
D = depth of layer of the soil (cm).
4200m? = area of fed.
Crop water use efficiency (CWUE):
It was calculated, according to Hansen et al. (1980) by the following equation:
Yield (kg/fed)
CWUE. (Kg/m3) =

Water consumptive use (m*/fed)
Field water use efficiency (FWUE):
It was calculated, according to Michael (1978) by the following equation:
Yield (kg/fed)

FWUE, (kg/m?®) =
Water applied (m>/fed)

Statistical and genetic analysis:

The data under field condition of the present study were subjected to the
proper statistical analysis of Randomized Complete Block Design, as described by
Snedecor and Cochran (1967). Significance of the genetic effects is tested in a similar
manner as done in case of scaling tests. The amount of heterosis expressed in
individual cross was determined by comparing the F; mean performance to the mid-
parent and better-parent average values and it was estimated by the formula of
Mather (1949) and Mather and Jinks (1971). The relative potence ratio (P) was used
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to determine the nature of dominance and its directions according to the formula
given by Mather and Jinks (1971). Inbreeding depression (I.d.) was estimated
according to Mather and Jinks (1971). Heritability in both broad and narrow sense and
expected genetic variance of VBC;, VBC, and F; in terms of additive by Mather (1949).
Phenotypic correlation coefficient between most of the studied characters and grain
yield were determined, according to Burton (1995).

RESULTS AND DISCUSSION
A - Mean values:
The mean values of twelve rice characters in the six populations for the three
studied crosses are presented in Table (4).
Table 4. Mean performance and standard error of the different generations for
studied rice root as well as grain yield and its related characters of the three
tested crosses.

character | cross P1 P2 F1 BC1 BC2 F2
Root length I 30.26+2.23 | 16.32+2.55 | 30.55+2.11 | 26.32+3.11 | 15.32+2.14 | 25.36+3.12
(cm) II | 28.42+3.71 | 19.54+2.32 | 28.95+3.42 | 22.36+2.13 | 16.41+£2.13 | 22.13+3.25
IIT | 19.64+1.42 | 13.65+3.41 | 18.25+2.15| 17.56+£1.99 | 12.63+1.89 | 19.27+2.19
Root number I |212.34+5.12|132.54+4.31|196.35+5.32|150.26+6.31|131.22+3.41|152.13+6.41
/ plant II |154.35+4.13|141.28+5.16|148.53+5.26|146.45+5.81|135.48+3.62|149.15+5.47
IIT |139.45%5.14|120.63%£2.33|139.16%+4.87|132.36+4.43|119.63+4.48|132.16+6.31
Root volume I 65.34+2.49 | 35.34+3.65 | 66.43+3.22 | 55.13+3.62 | 35.11+4.67 | 48.17+5.52
(cm) II | 54.38+3.15 | 42.84+2.31 | 52.22+3.24 | 50.29+4.84 | 40.62+3.32 | 46.32+4.36
IIT | 42.63+£2.19 | 30.48+3.12 | 40.18+5.16 | 36.41+£5.33 | 25.13+4.56 | 31.18+2.82
Root fresh I 50.24+149 | 26.84+2.54 | 51.48+1.45 | 42.25+3.61 | 25.34+£3.41 | 39.15+4.41
weight/plant| II | 46.38+2.16 | 35.62+3.12 | 46.85+3.41 | 40.12+2.42 | 30.26+2.63 | 32.58+3.51
(9) IIT | 41.26+1.59 | 24.85+2.46 | 22.18+2.33 | 25.78+2.93 | 22.16+1.85 | 29.18+2.62
Root/shoot I 29.56+2.14 | 19.29+2.44 | 29.99+2.72 | 20.54+1.55 | 18.63+1.34 | 20.13+2.23
ratio % II | 24.62+1.77 | 17.94+1.79 | 21.62+1.24 | 19.82+2.13 | 15.41+£2.39 | 17.29+1.98
IIT | 21.35+3.25 | 16.24+3.64 | 18.49+2.75 | 20.15+3.24 | 16.20+1.77 | 18.52+1.96
Days to 50 % I [110.36+4.41| 96.24+3.81 |102.74+4.11|108.25+5.61| 92.35+2.78 |{100.25+4.51
heading (days) II |105.42+3.22| 91.89+1.92 | 99.35+5.24 |102.21+4.52| 90.62+3.16 |{108.41+2.62
III [103.26%6.14| 94.92+6.64 | 92.61+4.21 | 99.36+6.31 | 94.35+2.21 |102.39+3.41
Plant height I 89.35+2.63 | 72.45+2.31 | 91.63+2.64 | 77.24+3.41 | 74.36+5.63 | 85.41+4.53
(cm) II | 87.45+4.55 | 79.26+4.25 | 89.72+5.26 | 75.54+5.57 | 75.41+2.84 | 83.58+2.85
IIT | 85.62+2.41 | 69.27+5.76 | 66.41+3.77 | 79.41+4.66 | 70.13+3.53 | 71.48+1.23
Panicle I 23.26+4.32 | 18.62+2.68 | 22.53+2.14 | 20.15+£2.65 | 17.41+3.21 | 20.54+1.87
length II | 20.34+2.61 | 15.41+1.79 | 18.74+1.73 | 19.62+1.43 | 14.63+2.13 | 19.63+1.53
(cm) IIT | 16.54+2.51 | 14.63+3.22 | 15.89+2.18 | 15.41+2.38 | 13.26+2.11 | 18.74+1.32
Number of I 16.28+3.42 | 13.244£2.47 | 19.72+1.39 | 14.63+£1.94 | 12.88+1.56 | 15.25+1.82
panicles/plan| II | 14.26+2.63 | 12.94+1.61 | 16.84+2.87 | 13.714£2.22 | 15.27+£1.99 | 14.31+2.41
t IIT | 12.31+3.14 | 10.59+2.41 | 13.61+1.77 | 11.85+2.51 | 9.23+1.87 | 14.52+1.64
100 grain I 2.64+0.21 | 2.41+0.11 | 2.53+0.83 | 2.51+0.31 | 2.31+0.22 | 2.41+0.81
weight (g) 11 2.51+0.33 | 2.35+£0.22 | 2.41+0.32 | 2.43+0.42 | 2.25+0.26 | 2.46+0.62
II1 | 2.41+£0.15 | 2.21+0.21 | 2.34+0.25 | 2.33+£0.36 | 2.20+0.37 | 2.25+0.51
I 12.35+1.83 | 25.73+1.74 | 29.14+2.26 | 19.36+2.69 | 26.30+1.83 | 29.18+1.12
Sterility % II | 15.42+1.64 | 28.51+1.63 | 25.12+3.24 | 16.41+2.13 | 27.18+2.91 | 25.34+2.21
IIT | 19..63+£1.63| 26.41+1.34 | 30.54+1.62 | 19.12+2.46 | 27.19+1.44 | 30.24+2.42
Grain I 32.65+3.84 | 17.81+2.57 | 36.41+£3.25 | 29.58+2.45 | 16.48+2.81 | 30.42+1.66
yield/plant II | 25.42+2.63 | 20.63+2.84 | 29.82+2.15 | 23.61+2.58 | 20.13+3.61 | 29.81+1.12
(9) IIT | 20.64+1.99 | 15.78+1.76 | 14.63+2.13 | 18.74+1.99 | 14.28+1.32 | 18.53+2.64

I. Tsuyuake (tolerant)XSakha 103 (sensitive).

1L

Zenith (tolerant) X Sakha 104 (moderate).

III. BL 1 (moderate) X Sakha 106 (sensitive).
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The results showed that there are high differences between the six parents
for all root, yield and related characters this was expected due to the genetic
background of these genotypes. The Tsuyuake variety gave the highest mean values
in the studied characters, while the lowest mean values were recorded for Sakha 106.
The F; mean values were higher than the highest parent for root volume, root / shoot
ratio, in cross I, root length, root fresh weight, plant height and grain yield / plant in
crosses I and II and number of panicles / plant in the three crosses. While the lowest
F; means were recorded for root fresh weight, days to 50% heading and grain yield /
plant in cross III. Also the F; mean values were higher than the means of two parents
in the three crosses for the remaining studied characters. These results indicated the
presence of partial and over-dominance for these traits which were verified by the
computed values of potence ratio, heterosis and heterobeltosis. It is well known that
the higher root characters enable plant to grow safely under water stress condition so
Tsuyuake, Zenith and their crosses could be recommended under water stress
condition. On the other hand the F, mean values were lower than the F; in the three
crosses for most of the three crosses. These results indicated the existence of
significant inbreeding depression in F, generation. Moreover, the F, mean values were
higher than the F; for root length, root fresh weight, root / shoot ratio, plant height,
number of panicles / plant and grain yield / plant in cross III, root number/plant in
cross II and days to 50% heading and panicle length in crosses II and III. These
results indicated transgressive segregation. While BC; and BC, mean values tended
towards the mean values of the recurrent parents with some exceptions.

Finally, from the foregoing results, it could be concluded that, the expression
of heterosis in the F; be followed by considerable inbreeding depression in F2
performance, indicating that the non additive gene effects governed the inheritance of
such characters. This is logic and expected since there is a tendency towards
homozygosity which is accelerated by 40 % for each generation. The most desirable
genotypes for root, grain yield and its related characters studied were the parents,
Tsuyuake and Zenith and their crosses, proving to be useful genotypes in breeding
program for water stress condition. The results are in agreement with those reported
by Souframanian et al., (1997), Abd-Allah (2000) and Abd El-lateif et al., (2006).

1- genetic parameters:
1-1. Estimates of heterosis, nature of dominance and inbreeding
depression:

It's clear that from Table (5), highly significant and positive estimates of
heterosis as a deviation from mid and better-parent were exhibited in the three
crosses for most of the studied characters. Highly significant positive heterotic effects
from amid- parent was recorded for root length, root volume and number of panicles /
plant in the three crosses, root fresh weight, sterility % and grain yield / plant in
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crosses I and II and plant height, root /shoot ratio in cross I and root number/plant in
crosses I and III. Highly significant and positive heterosis relative to better parent
were recorded for number of panicles / plant and sterility % in the three crosses and
number of days to 50 % heading, plant height and grain yield / plant in crosses I and
II. On the other hand significant negative heterosis was recorded in the remaining
studied characters in the three studied crosses.
Table 5. Estimates of heterosis as a deviation from mid (MP) and better parents (BP)
and degree of dominance and inbreeding depression of some rice root and

yield and its component characters in the three studied crosses.

Characters Cross Heterosis Degree of Inbreeding
M.P. B.P. dominance depression
Root length I 31.17%* 0.96 1.22 29.33%x
i 20.37%* 1.86 1.0 35.82%x
(cm) 11 9.64* -7.08%* 0.66 2.36
I 13.87% -7.53%x 0.5 56.48%*
Root number/plant II 0.48 3.77 0.07 44.05%*
11 7.01%* -0.21 1.23 41.63%
Ro0t volume I 31.96%* 1.67 2.33 55.60%*
o) i 7.43% 3.97 0.56 32.01%x
11 9.92% -5.75% 1.2 41.92%*
_ I 34,20 2.47 1.03 45.19%x
Root fresh weight/plant i 14.27%x 1.01 1.41 56.32%
@) il 32.90%% | -46.24%x -1.13 -12.86%*
Root/shoot rato I 22.78%* 1.45 1.56 52.55%x
ot i 1.60 -12.19%* 0.14 30.27%*
11 -1.62 -13.40%* -0.26 7.63
Days to 50 % heading I -0.54 6.75% -0.14 44.92%*
i 0.70 8.12% 0.14 38,074
(days) il -6.54* 2.43 -1.44 34.85%*
Plant height I 13.26%* 26.47% 1.23 42.67%*
i 7.64* 13.20%* 1.51 42.89%x
(cm) il -14.25%x 4.13 -1.37 23.04%*
panide length I 7.59% 3.14 0.61 18.12%*
i 4.84 -7.87* 0.21 2.58
(cm) 11 1.96 -3.93 0.01 -8.88
I 33.60%* 21.13%x 3.21 32.33%x
Number of panicles/plant I 23.82** 18.09** 3.11 19.61**
11 18.86** 10.56** 2.56 -1.56
- I 0.20 4.17 112 1.26
100 grain weight 1 -0.82 -3.98 -1.25 2.96
@) 11 1.30 2.90 1.32 1.17
I 23.26%* 35.95%x -1.61 14.69%
Sterility % 1 14.36% 26.91%* -0.53 12.67%
11 32.67%* 55.58%* 2.14 14.58*
Grain yield / plant I 44.31%* 11.52%x 1.53 21.32%x
i 29.51%* 17.31%x 2.61 11.75%x
@) 11 -19.66%% | -29.1%x -14.36 -14.46%*

I. Tsuyuake (tolerant)XSakha 103 (sensitive).
II.  Zenith (tolerant) X Sakha 104 (moderate).
III. BL1 (moderate) X Sakha 106 (sensitive).
*and**are significant at 0.05 and 0.01 levels
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Degree of dominance Table (5) were greater than positive one unity for root
length, root fresh weight, plant height, and grain yield / plant in crosses I and II,
number of panicles / plant, in the three crosses, root number in cross III, root volume
in crosses I and III and plant height and grain yield / plant in crosses I and II. While
negative over dominance was recorded for root fresh weight, days to 50% heading,
plant height and grain yield / plant in cross III and 100 grain weight and sterility % in
the three crosses. Meanwhile, partial dominance was recorded for all the remaining
studied characters in the three studied crosses. Concerning the inbreeding depression,
highest significant and positive inbreeding depression were recorded for root
number/plant (56.48) in cross I followed by root fresh weight (56.32) in cross II and
root volume (55.60) in cross I, while the lowest insignificant inbreeding depression
was recorded for 100 grain weight (1.17) in cross III.

Finally, from the above maintained results it could be indicated that the average
percentages of heterosis as a deviation from mid- and better- parent were highly
significant and positive in most of the studied root characters, vyield and its related
traits in the three studied crosses, while, it was differed from character to character
and from cross to another. The cross I, (Tsuyuake X Sakha 103) showed higher value
of heterosis followed by cross II, (Zenith X Sakha 104), for root length, root volume,
root fresh weight, number of panicles / plant, plant height and grain yield / plant.
They showed highly significant positive heterotic effects proving to be useful hybrid
combination for improving these characters in breeding for water stress tolerance
program. In addition the significant heterosis as a deviation from mid-and better
parent always accompanied by low and insignificant inbreeding depression in most of
the studied characters in the three studied crosses indicated the importance of
additive gene action which could profitably be utilized in improving these characters.
These results were agreement with this obtained by Abd El-Aty et al., (2002), EL-Abd
(2003), Abd El-lateif (2004), Abd El-lateif et al., (2006), Hammoud (2004), Hammoud
et al., (2006) and EL-Abd et al., (2007).

1-2: Estimates of gene action and effects of genes:

Estimate values of A, B and C scaling test for root, yield and its related
characters in the three crosses were determined. Most of the computed parameters of
scaling test were statistically significant. Thus in turn indicated the presence of non-
allelic interaction, besides that genotype x environment type of gene interactions was
important in the inheritance of root, yield and its related traits. As shown in Table (6),
additive, dominance and all three types of gene interaction were positive or negative
significant and highly significant in the three studied crosses for root number/plant,

root volume, root fresh weight, days to 50 % heading, plant height, number of grains
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/ panicle and grain yield / plant. The role of additive and dominance genetic variance
was more pronounced than the other types of gene interaction in cross I for most of
the studied characters. While the additive (d) was more important than dominance for
root number/plant, root volume, sterility %, root length, root fresh weight, days to 50
% heading and grain yield / plant in crosses I and II and root / shoot ratio and plant
height in cross III. On the contrary, the dominance genetic variance (H) was more
important than additive for root length, root number/plant, root / shoot ratio, days to
50 % heading, plant height, panicle length, sterility % and grain yield / plant in the
three crosses, 100 grain weight in crosses I and II and root fresh weight in crosses 11
and III. On the other hand the additive by additive genetic variance (i) of interaction
played an important role for root length, root number/plant, plant height, sterility %
in the three crosses, root volume in cross I, root fresh weight in crosses I and III,
days to 50 % heading in crosses II and III and 100 grain weight and grain yield /
plant in crosses I and III. In addition the individual types of digenic epistatic gene
effects, the significant additive x dominance gene effects (j) were more frequently
than the other types of digenic epistatic, but the estimates of the dominance x
dominance gene effects (I) have relatively greater magnitude for the studied
characters. Two of these epistatic gene effects apparently counteract each other. The
additive x additive gene effects which were mostly significant and positive indicating
enhancing effect in the inheritance. The additive x dominance gene effects exhibited
less frequently than the other two types. In contract, most of the dominance x
dominance gene effects was negative and significant suggesting a diminishing effect
due to this type of gene effect and undesirable epistasis.

Finally epistatic gene effect had a significant contribution in the inheritance of studied
characters. At least one epistatic gene effect was significant for the studied characters
in the three crosses. The additive x additive gene interactions appears to contribute
more to epistatic effect than any other source of epistasis. Also, these findings
suggest that epistatic effect could be an important major contributor to gene actions
in characters of the materials under study. These findings agreed with Acharya et al.,
(1999), Abd-Allah (2000) Abd El-Aty et al., (2002), Abd El-lateif et al., (2006) and EL-
Abd et al., (2007).
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Table 6. Genetic components of generation mean for some rice root characters, as

well as, grain yield and its related traits.

Genetic component of means
Characters Crosses - -
d H i j |
I 11.26%% | 834%* | -18.23% 423 | 42.35%*
Root length i 6.54* 8.24%% | -12.35%* 153 | 39.23%x
11 5.45 6.26%% | -18.24%x 265 | 28.36%
I 19.35%% | 63.54%% | -46.35%*% | -21.36%% | 69.34%*
Root number/plant I 11.25%* 59.82** 34.25%* 4.25 62.35%*
11 13.50%% | 52.11%% | -26.38%* 3.56 59.34%*
Root volume I 20.54%x 19.36 12.11%* 5.23 64.23%*
. i 10.24% 17.43* 4.25 4.36 24.25%x
(em?) il 11.89%% | 13.91%x -2.53 5.36 32.65%*
Root fresh weight I 17.32% 13.39 22.26%* 5.23 46.32%x
i 10.25%*% | 14.84%x 12.35 4.56 21.36%*
@) 11 3.25 19.91%% | -22.64%x 5.53 37.28%*
I 2.54 9.37% 4.13 3.23 34,254
Root/shoot ratio (%) 11 4.36 8.87* 0.53 0.52 15.24%*
11 4.98* 8.49* 0.27 1,51 1.32
Days to 50 % heading| | 16.85%% | 41.23%x 0.63 9.25% 10.58%*
i 12.64%% | 39.25%% | 48.82%x 5.23 56.34%
(days) il 5.42 40.84%* | -22.68* 0.52 17.24%x
Plant height I 3.25 31.93%% | -38.71% -5.54 79.32%
i 4.25 32.07%% | -32.91% 4.41 76.54%x
(cm) il 9.48%* 33.34%% | 14.03%x 1.06 26.34%x
panide length I 3.25 7.71% -6.25 0.54 17.31%
i 5.14% 7.64% -10.45%* 2.51 15.63%
(cm) il 2.64 7.91% -16.59%* 1.43 20.41%*
Number of I 2.34 6.23 -8.29 0.53 23.61%*
anideq/olant i 2.14 5.59 0.77 -3.64 2.31
11 2.18 4.63 -61.13%* 1.26 24.35%*
- I 0.21 4.04* 0.34* 0.12 0.27
100 grain weight i 0.33 4.07* -0.41% 0.13 0.62
@) 11 0.18 3.90 0.21 0..81 -0.28
I 7.33* 19.54%% | -26.58%x -0.54 31.29%x
Sterility (%) i A156%% | 12.71%% | -14.84% 4,53 21.37%x
11 8240 | 11.04% | 28.36* 4.23 41,70%x
Grain yield/lant I 13.45% 8.74% -30.69%* 5.54 61.85%*
i 4.12% 11.62%*% | -30.26%* 0.58 47.26%x
@) 11 3.24 12.67% -8.23 1.53 7.56*

I.

1L

Tsuyuake (tolerant)XSakha 103 (sensitive).
Zenith (tolerant) X Sakha 104 (moderate).
III. BL 1 (moderate) X Sakha 106 (sensitive).
*and**are significant at 0.05 and 0.01 levels

1-3: Estimates of genetic variance, heritability and genetic advance:-
Additive genetic variance (1/2 D), dominance genetic variance (1/4 H), broad
and narrow- sense heritability and genetic advance (G.S. %) estimates of the studied

characters for the three studied crosses were shown in Table (7).
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Table 7. Estimates of additive genetic variance, dominance genetic variance, broad
and narrow-sense heritability and genetic advance for some rice root

characters, grain yield and its related traits in the three studied crosses.

Genetic variance Heritability %
Characters Crosses GS %
1/2D 1/4H Broad sense | Narrow sense
Root length I 9.36 12.38 84.12 36.25 16.24
i 6.23 8.45 63.26 27.64 30.15
(cm) il 6.54 11.266 89.45 31.58 24.48
I 60.26 89.34 98.02 39.45 5.12
Root number 1 62.35 65.41 84.23 41.36 4.15
11 60.45 69.45 97.26 45.98 3.99
I 6.34 11.45 97.91 12.36 19.28
Root volume I 8.21 6.25 30.43 17.15 18.72
(em?) il 4.73 8.74 38.70 12.59 11.25
Root fresh weight I 10.54 15.36 64.32 25.49 20.28
i 20.15 8.42 87.41 62.35 14.62
@ 11 12.36 10.59 75.26 41.78 11.71
I 9.31 8.34 85.12 45.26 8.36
Root /shoot ratio% 11 6.45 9.48 88.35 35.68 17.267
11 8.48 7.34 83.56 44.15 15.41
Days to 50 % I 30.28 36.48 66.35 31.59 7.26
heading 1 45.98 40.25 78.70 41.78 7.99
(days) 11 42.59 39.78 79.54 41.17 6.24
Plant height I 36.48 25.48 71.76 4235 10.13
i 44.89 29.78 87.23 53.26 6.25
(cm) il 36.45 31.26 94.36 50.18 8.42
panide length I 8.12 6.58 71.05 40.19 16.48
1 9.16 5.16 73.26 47.25 21.45
(cm) il 9.18 8.44 94.42 50.24 17.22
Number of I 6.23 8.41 93.33 40.24 6.54
anideq/olant i 5.11 6.54 78.57 35.29 10.26
11 6.33 7.16 92.85 42.58 9.41
100 grain weight I 0.28 0.32 22.05 8.27 5.27
i 0.11 0.22 16.25 7.06 4.89
@) 11 0.13 0.26 25.91 14.79 6.21
I 15.31 10.24 86.21 51.72 15.26
Sterility % i 11.65 12.58 92.24 44.26 14.31
11 10.45 14.89 81.35 33.58 10.43
Grain yield/lant I 13.69 16.45 96.65 43.56 14.61
i 12.56 10.36 75.42 41.17 18.57
) 11 8.12 9.42 94.63 44.46 20.12

I. Tsuyuake (tolerant)XSakha 103 (sensitive).

II.  Zenith (tolerant) X Sakha 104 (moderate).

III. BL 1 (moderate) X Sakha 106 (sensitive).

1/2 D: additive genetic variance 1/4 H: dominance genetic variance
GS %: genetic advance

Additive genetic variance was higher than the dominance genetic variance for

root volume in cross II, root fresh weight and days to heading in crosses II and III,
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root / shoot ratio in crosses I and III, and panicle length in the three crosses, sterility
% in cross I and grain yield / plant in cross II. The relative magnitude of the additive
genetic variance was approximately two times that of the dominance genetic variance
in each cross. On the contrary dominance genetic variance estimates were higher
than the additive genetic variance for root length, root number/plant, number of
panicles / plant and 100 grain weight in the three crosses, root volume in crosses I
and III, root fresh weight and days to 50 % heading in cross I, root / shoot ratio in
cross II, sterility % in crosses II and III and grain yield in crosses I and III. These
results indicated that, dominance genetic variance was more important than the
additive genetic variance especially in the three studied crosses for most of the
studied characters. These findings proved that the dominance type of gene effects
appeared to be the most effective in the genetic control of the studied roots
characters, yield and its related treats in the present materials. Broad- sense
heritability estimates ranged from low (16.25 %) for 100 grain weight in cross II to
high (98.02 %) for root numbers/plant in cross I. On the other hand, heritability in
narrow sense were low (7.06 %) for 100 grain weight in cross II to intermediate
(62.35 %) for root fresh weight in cross II. These results indicated that the selection
for these characters will be more effective in late generations. Moreover, moderate to
low values of predicted genetic advance were estimated for the three crosses.
Moderate values of predicted genetic advance (30.15) were recorded for root length
in cross II. While, low estimates of expected genetic advance (3.99) was found to be
for root volume in cross III. Low genetic advance with low heritability for this trait
could be expected because they are under polygenic control, additive and dominance
components of variation were significant in the inheritance of this trait, but dominance
component was higher than the additive one. It suggested that early generation
selection may not be effective in improving this trait. Similar results were obtained by
Abd El-Aty et al., (2002), Abd El-lateif et al., (2006), EL-Abd et al., (2007), Abd-Allah
et al., (2010), Ashfaq (2011), Abd El-lattef and Badr (2007) and Gouda et al., (2012).

Finally, the breeder can easily improve some root characters, yield and related
traits by simple breeding methods. The previous results of genetic variances and
heritability estimates for studied root characters, yield and its related traits revealed
that the dominance genetic variance had more important role in the inheritance of
most of these characters than the additive genetic one, and this findings differ from
character to another and also between crosses. Heritability estimates in broad sense
were low to high in most cases indicating the effect of the environmental condition on
these characters. Moreover, heritability estimates in narrow sense were mostly low.

This was expected due to the high estimates of dominance genetic variance at most
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characters. This in turn suggested that these traits behaved in a quantitative manner
on improving of grain yield and its related traits could be achieved in late generation.
This conclusion may be useful to the breeder for rice in planning a selection program
for improvement the yield in such crosses, also, the use of hybridization of their
improvement under water stress condition.

2: Phenotypic correlation coefficients among all possible pairs of the
studied traits:

The phenotypic correlation coefficient was estimated among all possible
combinations of root characters, yield and its related traits in the F, generation of the
three studied crosses. The results presented in Table (8), could be discussed as
follow: the phenotypic correlation coefficient were positively highly significant for root
length with root volume, panicle length and grain yield / plant in the three crosses.
Also root number was highly significant and positive with root volume, plant height,
100 grain weight and grain yield / plant on the other hand root volume was highly
significant and positive with number of panicles / plant and grain yield / plant in the
three crosses. Moreover panicle length was highly significant correlated with number
of panicles / plant and grain yield in the three crosses. Number of panicles / plant and
100 gain weight were highly significant and positive correlated with grain yield / plant
in the three crosses. On the contrary, negatively significant and highly significant
phenotypic correlation coefficient was recorded between plant height and grain yield /
plant in crosses I and II. Also negative significant phenotypic correlation coefficient
was recorded between 100 grain weight and panicle length in cross I.

Finally the grain yield / plant was highly significant and positively correlated
with root length, root number/plant, root volume, panicle length, number of panicles /
plant and 100 grain weight in the three studied crosses. On the contrary, the grain
yield / plant were highly significant and negatively correlated with plant height in the
first tow crosses. Similar results were obtained by Abd Allah (2000), Abd El-Aty et al.,
(2002), Hammoud (2004), Hammoud et al., (2006), Kanbar et al., (2010), Muthuramu
et al., (2010), Hosseini et al., (2012) and Abd-Allah et al., (2013).
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Table 8. Phenotypic correlation coefficients among all possible pairs of the studied

characters.
Dves to Number
Root Root Root ;00/ Plant | Panicle of 100 grain
length | number | volume _0 height | length |panicles/p| weight
heading
lant
-0.25
Root number/plant | -0.26 |
-0.22
0.46%* | 0.39*%*
Root volume
3 0.40%* | 0.37**
) el e | T

0.41*%* | 0.45%*
0.22 0.22 0.12
0.24 0.23 0.21

Days to 50 % heading

d _______
(days) 023 | 019 | 017
. 38%* 2 -0.1
Plant height 0-36 0.38 0.25 0.15
0.38% | 0.36** 0.20 -0.19
[(<11) I A RO e R B

0.30 0.38** 0.23 -0.27
. 0.45*%* | 0.46*%* | 0.39** | 0.40* | 0.46**
Panicle length

(cm) 0.46%* | 0.39%* | 0.37%% | 0.39** | 0.48**

0.53** 0.31 0.21 0.34* 0.29

0.34** 0.30 0.40** 0.25 -0.16 | 0.48**
Number of
anicles/plant 0.35* 0.25 0.36%* 0.16 -0.21 | 039%*|
P P 019 | 030 | 036%* | 011 | -0.21 | 0.44%*
. ) 0.30 0.36%* 0.27 0.39*%* 0.26 -0.35*% | -0.32%
100 grain weight

@ 0.36* | 0.38** 0.22 0.26 0.22 -0.29 028 |
g 0.18 0.33* 0.19 0.24 0.12 -0.22 -0.16
0.50*%* | 0.56** | 0.42** 0.21 -0.44* | 0.48** | 0.56%* | 0.52**
0.52%* | 0.42%* | 0.46** 0.23 -41%* | 0.56%* | 0.49%* | 0.51%*

0.40** | 0.36*%* | 0.40** 0.11 -0.15 | 0.46*%* | 0.40** | 0.46**

Grain yield/plant
(9)

*and**are significant at 0.05 and 0.01 levels

B- Water intervals

Estimates of amount of water applied, water consumptive use m*/ fed: and
actual evapotranspiration in (ETC mm / day) are presented in Table (9). Results in
Table (9) clarified that total water applied and water consumptive use was 5197and
3733 m?®/ fed respectively. While the highest water applied and water consumptive
use values were 1495 and 1014 m?® / fed. recorded in August. On the other hand, the
lowest values were 1002 and 726 m® /fed. recorded in September. Data in Table (9),
also, showed that values of ETC increased in July and August followed by June being
7.22, 7.41 and 6.99 mm / day respectively. While in September it was 6.12 mm / day.
The potential evapotranspiration (ETp mm / day) (Table 9), was decreased in
emergence stage, while, it increased gradually with increase age of plants and
decreased in pre-harvest period in September, after that ETp (mm / day) increased in

June and July.
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Table 9. Water applied m®/fed., water consumptives, actual evapotranspirationin/day

and values of crop coefficient (kc) by radiation inethod.

Water
Water applied Evapotranspration EtP mm/day
Months consumptive Radiation
m?/fed mm/day M.P.
Use m®/fed.

June 1237 991 6.99 6.25 1.00
July 1463 1002 7.22 6.11 1.11
August 1495 1014 7.41 5.99 1.12
September 1002 726 6.12 5.32 0.96
Total 5197 3733 27.79 23.6 4.19
Mean 1299.25 933 6.93 5.91 1.04

Crop coefficient (Kc, %):

Table (9), indicated that the effect of crop characteristics on crop water
requirements are show by crop coefficient which represents the relationship between
reference potential (ETp) and actual crop evapotranspiration (Etc).

The values of crop coefficient for irrigation pattern (kc) showed slight
increase after planting and decreased again at the end of season. It could be noticed
that the nearest values to average of estimating water consumptive use in rice. These
results agreed with the obtained by Nasir et al., (2002), Hussain et al., (2003) and
Azam et al., (2005).

Estimates of grain yield (Kg / fed), crop and field water use efficiency (CWUE
%) and field water use efficiency (FWUE %) are presented in Table (10). Data
indicated that the average of grain yield was significantly affected by breeding. The
maximum value of 3760 Kg / fed. was found for the F; generation followed by the first
parent (Tsuyuak) being 3360 Kg / fed in cross I. While the minimum value was
recorded by BC, it was 1470 Kg / fed in the third cross. From the foregoing results,
the highest average yield of 2800 Kg / fed. was recorded for the first cross (Tsuyuake
x Sakha 103) followed by cross II (Zenith x Sakha 104) being 2555 Kg / fed.
respectively. While, lowest valuel732 Kg / fed. was recorded for the cross III (BL1 x
Sakha 106).
Crop and field water use efficiency (CWUE, %):

Data in Table (10) indicated that crop water use efficiency was significantly
affected by flashing water irrigation methods. The maximum CWUE, % values (0.91)

were found for the F; generation followed by parent Tsuyuake was 0.86 kg / m®in
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cross I. While the minimum value was recorded by BC, generation it was 0.32 kg /
m3in cross III.

Table 10. Crop and field water use efficiency under drought conditions.

Character Cross P1 P2 Fy BC; BC, F, Average
I 3360 1785 3780 3045 1680 3150 2800
Grain yield Kg/fed. 1I 2625 2100 3045 2415 2100 3045 2555
111 2100 1575 1470 1890 1470 1890 1732
Average 2695 1820 2765 2450 1750 2695 2362
I 0.86 0.47 0.91 0.81 0.45 0.84 0.75
1I 0.70 0.56 0.82 0.64 0.56 0.81 0.68
CWUE %
111 0.56 0.42 0.39 0.49 0.32 0.50 0.45
Average 0.74 0.48 0.73 0.64 0.46 0.71 0.62
I 0.64 0.34 0.72 0.58 0.32 0.60 0.53
1I 0.50 0.40 0.58 0.46 0.40 0.58 0.48
FWUE %
111 0.41 0.30 0.28 0.36 0.26 0.36 0.33
Average 0.51 0.34 0.52 0.46 0.33 0.51 0.44

I. Tsuyuake (tolerant)XSakha 103 (sensitive).
II.  Zenith (tolerant) X Sakha 104 (moderate).
III. BL 1 (moderate) X Sakha 106 (sensitive).

On the other hand, cross I gave the highest mean values 0.75 kg / m® of crop
water use efficiency followed by cross II (0.68 kg / m®). These data showed that the
highest crop water use efficiency (0.75 and 0.68 kg / m®) was recorded from 1
m>flushing water irrigation in cross I (Tsuyuake x Sakha 103) and cross II (Zenith X
Sakha 104), respectivaly. Also data indicated that the significant effect of flushing
water irrigation method on FWUE, %. The maximum FWUE, % value was recorded for
the F; generation followed by parent Tsuyuake in cross I, while the minimum value
was recorded in BC, generation in cross III. On the other hand the highest value of
FWUE, % was found in cross I followed by crosses II and III. These results agree with
those obtained by Khan et al., (1999), Akbar et al., (2002), Yasin et al., (2003) and
Ahmed and Karube (2005).

From the obtained results cross I (Tsuyuake x Sakha 103) and cross II (Zenith
X Sakha 104) could be recommended to be grown under water stress condition to
obtain the highest rice grain yield (kg grains / m® water ) and highest value of water

saving in the same time.



546

10.

11.

12.

INHERITANCE OF SOME RICE ROOT CHARACTERS AND
PRODUCTIVITY UNDER WATER STRESS CONDETIONS

REFERENCES

Abd-Allah A.A., Shimaa Badawi A. and A.T. Badawi. 2013. Strategies and
methodologies of improving rice genotypes in Egypt. Global Advanced Res. J. of
Biotechnology, 2(1): 001-007.

Abd-Allah A. A., M. H. Ammar and A. T. Badawi. 2010. Screening rice
genotypes for drought resistance in Egypt. J. of Plant Breeding and Crop Sci.,
2(7): 205-215.

Abd-Allah A.A. 2000. Breeding study on rice (Oryza sativa L.). Ph.D. Thesis,
Agron. Dept., Fac. of Agric., Menoufiya Univ., Shibin EI-Kom, Egypt.

Abd El-Aty M. S., A. B. EI-Abd and A. A. Abdallah. 2002. Genetic analysis of
quantitative traits in rice. 1- Yield and its related characters. J. Agric. Sci.
Mansoura Univ., 27 (7): 4399- 4408.

Abd El-lattef A.S. M. and E. A. Badr. 2007. Genetic variability of some
quantitative characters and blast inheritance in rice under drought conditions.
Egypt J. of Plant Breed. 11(2):935-951.

Abd El-lattef A.S. M., A.B. EL-Abd and A.A. Abdallah. 2006. Genetic studies of
rice root characters related to water stress tolerance. First Field Crops
Conference, ARC, Giza, Egypt, 22-24 August, PP: 71-81.

Abd El-lattef A. S. M. 2004. Studies on behavior of some characters related to
water stress tolerance in rice breeding. Ph.D. Thesis, Agron. Dept., Fac. of
Agric., Tanta Univ.,Egypt.

Acharya B., B. Swain and K. Pande. 1999. Variation in water stress tolerance, its
anatomical basis and inheritance in low land rice. India Central Rainfed Lowland
Rice Res. Station, Oryza: 36 (A): 378-379.

Ahmed M.M. and J. Karube. 2005. Comparison of coagulation critical
concentration between kaolinite and montmorillenite under different pH
conditions. Trans. Jpn. Soc., Irrigation Drainage and Reclamation Engineering,
Japan,(237): 7-12.

Akbar G., M. Yasin, Z. Hussain, M. Ahmed and Z. Khan. 2002. Rootzone salinity
management using skimming dugwells with rain gun sprinkler irrigation. Sarhad
J. of Agric., 18(4): 415-425.

Ashfaqg M. 2011. Genetics of rice (Oryza sativa L.) under normal and water
stress conditions. Ph.D. Thesis, Agron. Dept., Fac. of Agric., Faisalabad Univ.,
Pakistan.

Azam M., S. Ahmed, Z. Hussain, M. Yasin, M. Aslam and R. Majeed. 2005.
Efficiency of water and energy use for production of organic wheat. Sci.
Technology and Development, 24 (1): 25-29.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

ELKHOBY, W. M. H., et. al. 547

Badawi A.T. 1999. The final report of the national campaign of rice in Egypt in
1998 season. Ministry of Agriculture and the Academy of Scientific Research
and Technology, Cairo, Egypt.

Bashar M. D. K. 1987. Genetic studies of rice root xylem vessels and related to
characters in relation to drought avoidance mechanisms. M.Sc. Thesis, Agron.
Dept., Fac. of the Graduate school, Los Banos, Philippines.

Black C. A. 1965. Methods of soil analysis. Part 1. Physical and mineral
properties. Am. Soc., Agron. Inc., puble. Madison, Vis, USA.

Burton G. W. 1995. Quantitative inheritance in pearl millet (Pennisetum
glaucum). Agron. J., 43(9): 409-417.

El-Abd A.B. 2003. Genetic variability, heritability and association between vyield
attributes and grain quality traits in rice Ooryza sativa L.). Egypt. J. Plant
Breed. 7(1): 14-22.

El-Abd A.B., A.A. Abd-Allah, S.M. Shehata, A.S.M. Abd El-lattef and B.A. Zayed.
2007. Heterosis and combing ability for yield and its components and some root
characters in rice under water stress conditions. Egypt. J. plant Breed,11(2):
593-609.

FAO. 1976. Physical and chemical methods of soil and water analysis. Soil Bull,
FAO, Rome, Italy.

FAQ. 1990. Report on the expert consultation on revision of FAO methodologies
for crop water requirements. Land water devil. Div, Rome, Italy.

Fukai S., M. Cooper, V.S. Singh and R.S. Zoigler. 1996. Stress physiology in
relation to breeding for drought resistance: a case study of rice. Proceedings of
the International Conference on stress physiology of rice, luck now, U.P. India,
28 Feb. -5 March. pp: 123-149.

Gouda P. K.,C. M. K. Varma, S. Saikumar, B. Kiran, V. Shenoy, and H. E.
Shashidhar. 2012. Direct selection for grain yield under moisture stress in
(Oryza stiva cv). IR58025Bx Oryza meridionalis population. Crop Sci., 52:644—
653.

Hammoud S. A. A. 2004. Inheritance of some quantitative characters in rice
(Oryza stiva L.). Ph.D. Thesis, Agron. Dept., Fac. of. Agric. Minufiya Univ.,
Shibhn EI-Kom, Egypt.

Hammoud S. A. A.,, M. M. EI- Malky, S. A., Shehata, and A.B. Khattab 2006.
Heterosis, combining ability and cluster analysis in rice (Oryza stiva L.). First
Field Crops Conference Proceeding,ARC, Giza, Egypt, 22-24, August, pp: 244-
261.

Hansen V. W., D. W. Israelsen and Q. E. Stringharm. 1980. Irrigation Principle
and Practices. 4™ ed. John Wiley and Sons. Inc New York.



548

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

INHERITANCE OF SOME RICE ROOT CHARACTERS AND
PRODUCTIVITY UNDER WATER STRESS CONDETIONS

Hosseini S. J., Z. T. Sarvestani and H. Pirdashti. 2012. Respons of some rice
genotypes to drought stress. International J. of Agric. Res. and Review, 2 (4):
475-482.

Hussain S., A.T. Sarwar, M.I. Lone, R. Roohi and F.S. Hamid. 2003. Effect of
different soil moisture conservation practices on evapotranspiration and growth
of young tea plants. Asian J. of Plant Sci., 2(2): 188-191.

Israelsen O. V. and V. W. Hansen. 1962. Irrigation Principles and Practices 3rd
Ed. John Wiley and Sons, New York.

Jodon N.E. 1938. Experiments on artificial hybridization of rice. J. Amer. Soc.,
Agron., 30 : 249-305.

Kanbar A., M. Toorchi, T. Motohashi, K. Kondo and H.E. Shashidhar. 2010.
Evaluation of discriminant analysis in identification of deep and shallow rooted
plants in early segregating generation of rice (Oryza sativa L.) using single tiller
approach. Australian J. of Basic and Applied Sci., 4(8): 3909-3916.

Khan M., T. Hata, A. Tada and H. Tanakamaru. 1999. Potential of estimating
flood hydrographs by SCS and simple models for an experimental watershed in
Pakistan. J. of Irrigation Drainage and Reclamation Engineering, Japan, 1(20):
61-67.

Mather K. 1949. Biometrical Genetics. Dover publication, Inc. London.

Mather K. and J. L. Jinks. 1971. Biometrical Genetics. Cornell Univ., Press
Ithaca, N.Y.USA.

Michael A. M. 1978. Irrigation Theory and Practice, Vikas publishing house
PVTLTD New Delhi, Bombay.

Muthuramu S., S. Jebaraj and M. Gnanasekaran. 2010. Association analysis for
drought tolerance in rice (Oryza sativa L.). Res. J. of Agric. Sci., 1(4): 426-429.
Nasir A, K. Uchida, M. Shafig and M. Khan. 2002. Monitoring soil erosion in a
mountainous watershed under high rainfall zone in Pakistan. Rural and
Environmental Engineering, Japan, 43 (8): 23-30.

Snedecor G. W. and W. G. Cochran. 1967. Statical Methods. 6™ ed. Iowa State
Univ., Press Ames, U.S.A.

Souframanian J., P. Rangasmy, P. Vaidyamthan and M. Thangaraj. 1997.
Combining ability for water stress resistance characters in hybrid rice. Indian J.
of gric. Sci., 68(10):687-689.

Yasin M., S. Ahmed, Z. Hussain, P. M. Moshabbir and M. M. Ahmed. 2003.
Optimum water utilization in Pakistan: Adaptation of pressurized irrigation
systems. Sci. Technology and Development, 21(2): 43-62.



ELKHOBY, W. M. H., et. al. 549

il AgaY) gl cat 5 B Lalitg) o gdal) Glia any &

3M\Aﬁékmcmdﬁi‘wﬂ\wm*{3
Jeilda (5 oy (kg

Aol g sl S ge ¢ Aalind] Jualaall Gigas dpro ¢ Y] il Cipand S e
H‘@mﬁ")ss5hu

o sl DA 5V 8 sl Csanl) S el Al Ao Sally Al o28 <y gl
clially sl Jsanas psial clia dul 0 Gazgs YoOF 5 YO (Yo Yael )30
b il e i) S 5oV G Giliad) Jeaty Leile 5 a8 clall 4 ddagi )
Gy (A ) Lshal el ln) )0 s (A ¥ Ak ) il Jesti) 1S g
s (A ) Lshal il Jeatl) Janigia) Vo f L s (A ) Apsh ) el Jeaiia)
(G W) Ashl palil (ubaa ) Ve L 5 (A ) Aushl il Jeadl Lansia )Y J)
X S ) Js¥) rangdi—a o A6 o Jgeanl) s Gliall oda o gl ¢l ja) &
Cangy @lldy (V27 i x) ) ) il mgll g (V€ L x ) ) S cpmgdl () Y la
il s I ) ae ra ) diadl 5 I Jiall s L) e JS (3 )50 ol ol s i
o Al s b Se Al Gyyke e Gl (B Jadly ) QY pe A aa )
ot g el lieal) e La 85 Lagin Jelall 5 galaad) cplall s Cincaall ol 5 Jass i)
P VS ) S g A Y A gk ) el Cag ok
cad LU Apailly A paall clial) calide 3 S cpls ia o Al )l (e aa
i ys S sat Calial) cilael Cum Hgdall s duali g A V) dygha ) ali ok
ard UV Jeal) il adae L g el cilinall plaead duaally o LY 3l e Ggiie el
3 i ol Ggall Jgeane dali g Ay ol clial) abieal oY) Juadl e e
S o n gl Lai A yaal) liiall (el 28 5ol dsa ) yud Lae B 5 J5Y) Criingd
so—de 8 dN diall e el ) diall ad ciela 5 A e ) ALIS Bl (e il
aill L el Lad cagaall 38 ) 3ad asmy I s Lee AN ) Jad) dali g i
At s I e e ISV Jidl e 5 claaall alane 3 L) daus sial Ly 5 4 glase
ol G s pad) Cliall aliee 81508 )50 Cuagdl 358 Cad AN Ay Sl cliial
Js—ha ddias Hiall Jshb dda laele cldall alaee (8 Guagdl 368 dlle 4 5ine 2 5a s ) ol
O DS Cand LS g paal) it ADED 8 WYY Jead) Lguie daa Voo (s Al
LS 5 O el Balig s el el alina 3 a1 0 ool s Cannal il
Ay e b cilaall alieae 8 Ll |5 ol X Caumall il dals g Jelall S



550 INHERITANCE OF SOME RICE ROOT CHARACTERS AND
PRODUCTIVITY UNDER WATER STRESS CONDETIONS

bl X Gy ) ) Caad Laiy 550l gl S 3 gl Y i ¢ sendd)
e:‘JCj rag . dY o S w5 % o u_hel_fﬁ\ ey sl e Ada dlla ),
A gty bl Jsha ddal ggabuad) 50 il a8 e el Canmall 50 cplid
s e el ol )50 il a8 S Laiy LA s el cma ADEN 8 ol clally
Gy sl Aa 0 Aad a5 Ayl el Calinal claall B 8 Caadll ) ol
Gl A0 Al Gyl g Laiy Gldal) Calide (8 Al je () Ao sia (e ol 5 g2l
ia e ) D gl A Aa) e g5 s Adal (%Y. 0 1) Aunidie (e Gual) gad)
O g siall Gpuatl A Ciela LS L D ngd) 8 pmd¥) el ()5 ddal (%Y.T0)
i e cliall b b el ) adll el B Guagdl OS5 Aadi e ) Aaidie (e ol
p—tara s (g3 8l Gl Jsmne (g (5 st Ll lin IS LA o)) Gagd) Bl
0 Jsda s ol aas s Hsdall dae 5 ool clall Hial Joka daali g Gyl Cilaall
O il G g LS ol e BN Eda Ve (55 gl clall cldlal e
O LS aall Cana e PYYY L) 00 AV cn Caag) A g el agdl ddlaad sl due
Gl (ALl Y G Jsane e ol TAY 5 Vo el sl e caSl i)
il el asill o Sa el el il e sling 1305 sl e B J5Y)
Csn AaS el Lagillae A V1 Ayl ) (il cay ka5 J5Y) gl

olal) il Slant A ) il @) e e Jgemall G i el ) paind 5



