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Abstract: The present investigation was carried out at the farm of Rice Research and Training Center Sakha,
Kafrelsheikh, Egypt during 2010, 2011 and 2012 seasons to estimate heterosis, gene action, heritability, genetic
advance and phenotypic correlation coefficient for some root and grain quality traits in rice by using six
populations techmique, viz, P,, P,, F,, BC,, BC, and F, generations of three rice crosses namely
Giza 177xGiza 178 (cross T), Sakha 103 W AB 880 3G 33 (cross [T)and Sakha 104=TET 1444 (cross ITT). Two field
experiments were layed out in a randomized complete block design with three replicates. First experiment was
flashing water irrigation every 10 days intervals (drought conditions) and second experiment was irrigation
every 4 days (normal conditions). The results indicated that highly significant and positive heterosis as a
deviation from mid and better- parents were obtained for all root (root length, root volume, number of
roots/plant and root/shoot ratio) and grain quality traits (grain length, grain shape, hulling%, milling%, head
rice % and amylose content), except all crosses in grain shape and cross 1T in grain length showed highly
significant and negative estimates of heterosis as a deviation from mid-parents. Tn addition, incomplete
dominance to over-dominance was operative for most of the studied traits. Additive gene effect (d) and
dominance gene effect (h) were more important in the genetic system for all the studied characters,
additive xadditive gene effects (i), additive xdominance (j) and dominance*dominance (1) were involved in the
genetic control of all characters with some exceptions. Heritability in broad sense was high in the three studied
crosses for all the studied characters, except crosses T and IT1 for root/shoot ratio under normal conditions and
cross 1 for grain length under normal conditions were moderate, the highest value of heritability estimates
(95.95) was recorded for root volume in cross I1T under normal conditions While narrow sense heritability was
moderate to low in most of the crosses. High values of predicted genetic advance were estimated for most of
the studied crosses. Significant or highly significant positive phenotypic correlation was found between most
of all the studied characters in the three studied crosses especially between each of root and grain quality
characters with grain yield/plant, except amylose content trait. From the foregoing results, cross IIT
(Salkha 104=xTET1444) could be recommended for growing under water deficiency to obtain the highest root and
grain quality characters at the same time.
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INTRODUCTION

In Egypt, it annually, more than one and half million
feddans are cultivated with rice, producing about
6.5 million tons of rice, with an average of 4.2 t fed™,
(10 tha™) (RRTC, 2006). This average ranked at the first
among the rice producing countries in the world. This
production satisfies the needs of local consumption and
the rest is exported abroad. But, with the expected
increase of population, the production should be
increased.

Drought is a major abiotic stress limiting rice
production in the world. About 30% of the world’s rice
producing areas suffer from moisture stress and water
deficit, in both rainfed and irrigated areas, about 18 million
tons of rice valued at TJS § 650 million is lost annually due

to drought (Pandey et al., 2005). For this reason, breeding
for drought tolerance become of high priority in rice
breeding program, especially in Fgypt because of the
limited irrigation water available in the River Nile. Some
rice planted areas, especially those located at terminal
of irrigation of canals in the northern part of the Nile
Delta suffer from shortage irrigation water during
different growth stages which are considered to be one
of the most serious constraints to rice production
(Abd Allah, 2009).

Drought affects rice at morphological, physiological
and molecular levels such as delayed flowering, reduced
dry matter accumulation and partitioning and decreased
photosynthetic capacity as a result of stomatal closure,
metabolic limitations and oxidative damage to chloroplasts
(Farooq et al., 2010).
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Heterosis is defined as the phenomenon in which one
F, hybrid obtained by crossing two genetically dissimilar
individuals shows mcreased values for some characters
over the better-parent or over mid-parental value.
Moreover, the estimations of the genetic variance,
heritabilities in broad and narrow senses, genetic advance
and the type of gene action are also important due to their
unplications in choosing the most effective selection
method. In the same time, the knowledge of magnitude
and type of association, among different characters, may
help the breeders when selection is based on one or more
characters.

The present study aimed to determine the heterosis,
degree of dominance, genetic variance, heritability,
genetic advance and phenotypic correlation coefficient as
percent of means among some root and grain quality
characters under water deficiency conditions.

MATERIALS AND METHODS

The present investigation was carried out at the Rice
Research and Training Center (RRTC, 2006), Sakha,
Kafrelsheikh, Egypt during 2010-2012 seasons to study
mheritance of some root and grain quality traits in rice
under water deficiency conditions i.e., root length (cm),
root volume {cm”), mumber of roots/plant, root/shoot ratio,
gram length (mm), grain shape, hulling %, milling %, head
rice % and amylose content.

According to the previous studies the six genotypes
were crossed to produce F| hybrid seeds of three crosses
namely; I-Giza 177 (sensitive)xGiza 178 (moderate). The
II-Sakha 103 (sensitive)*xWAB 880 SG 33 (tolerant). The
II1-Sakha 104 (moderate)<IET 1444 (tolerant). Six
populations P, P, F . F,. BC, and BC, for each cross were
utilized in this study.

In 2010 season, the six cultivars were grown at RRTC
farm in three successive dates of planting with ten days
interval in order to overcome the differences in flowering
time between parents. Thirty days old seedlings of each
parent were individually transplanted in the permanent
field in seven rows. Each row was 5 m long and contained
25 hills. At flowering time, hybridization between parents
was carried out following the technique proposed by
Jodon (1938) and modified by Butany (1961) and the
aforementioned three crosses were produced.

In 2011 season, parents and F, hybrid seeds of the
three crosses together with their parental lines were
planted under normal conditions. At heading, parents
were crossed again to produce the F, hybrid seeds of
three crosses following the same technique. Moreover,
some of F, plants were left to self pollmated in order to
produce F, seeds while some other plants were crossed
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with their own parents to produce BC, and BC, seeds. At
harvest, seeds of different generations were individually
harvested to be grown m the next season. Subsequently,
in the summer season 2012, seeds of P,, P,, F,, BC,. BC,
and F, of each cross were sown under drought
conditions. FEighteen entries belongs to different
generations (6 parents, 3 F,,, 3 F,,, 3 BC,, 3 BC,) were
included m a randomized complete block design
experiment with three replications. FEach replicate
contained 10 rows of each P,, P, and 5 rows of each F,
BC, and BC, and 20 rows of F,. Rows were 5 m long and
20x20 cm apart. In all growing seasons of the study, all
cultural practices such as field preparation, sowing,
transplanting and fertilizers were applied as recommended.
The six populations n 2012 season were planted under
water deficiency conditions (water deficiency was
imposed by using flush irrigation every 10 days without
staying water after irrigation) and under normal conditions
(rmgation every 4 days with staying water after irrigation).
Heand weeding was done when it was needed. Sixty plants
from each P, P, and F,, 90 plants from each BC, and BC,
and 200 plants from each F, populations were taken at
random. These plants were individually harvested and
threshed separately to determine the grain yield/plant and
yield components.

Heterosis was estimated according to Falconer and
Mackay (1996). Furthermore, appropriate L.S.D values
were calculated to test the significance of heterotic effects
according to the equation suggested by Wynne et al.
(1970). The relative of potence ratio (P) was used to
determine the degree of dominance and its directions
according to the equation given by Mather and Jinks
(1971). Estimation of gene effects were suggested by
Mather (1949) and Hayman (1958). Expected genetic
variance of VBC,, VBC, and VT, in terms of additive (/,.D)
and dominance ('/,H) are derived by Mather (1949).
Heritability in both broad and narrow sense were
determined by Powers ef al. (1950) and Warner (1952),
respectively. Expected and predicted values of genetic
advance (GS and G3%) were calculated according to
Johnson et al. (1955). The phenoctypic correlation
coefficient was performed according to the procedure of
Dewey and Lu (1959).

RESULTS AND DISCUSSION

Means of the parents and their generations: The best
source of information about the question of base on these
estimates is that derived by fitting a model to the mean of
the basic generation, i.e., P, P,, F,, F,, BC, and BC, which
are presented m Table 1 and 2. The results revealed that
wide range of means were recorded between the two
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Table 1: Means and standard error of the six populations for rice root characters in the three studied crosses under water deficiency (D) and normal (N)

conditions

Mean performance and standard error

Characters and crosses P, P, F, BC; BC, F,
Root length (cm)
I D 19.28+0.18 20.28+0.16 29.41+0.12 21.55£0.12 22.33+0.12 21.57+0.39
N 24.2340.13 26.9240.11 34.96+0.13 29.96+0.12 31.47+0.12 27.33+0.28
II D 18.87+0.17 21.38+0.17 25.81+0.20 22.22+0.12 22.52+0.14 19.94+0.46
N 21.97+0.13 26.78+0.12 32.03+0.12 25.92+0.11 27.35+0.13 24.30+0.29
1 D 21.23+0.17 25.22+0.19 28.43+0.23 24.87+0.13 25.90+0.12 22.22+0.53
N 26.03+0.12 29.83+0.11 38.35+0.11 29.90+0.11 34.37+0.11 27.58+0.35
Root volume (cm’)
I D 21.56+0.20 51.56+0.76 100.80+0.53 48.43+0.73 50.71+0.48 45134241
N 35.35+0.26 80.27+0.32 117.9640.30 56.42+0.45 84.76+0.37 70.50£1.31
I D 19.40+0.35 23.53+0.36 75.05+0.64 36.15+£0.56 39.98+0.61 33.42+1.43
N 30.13+0.30 34.26+0.42 93.82+0.26 54.71+0.29 71.85+0.30 52.02+0.91
1o D 40.52+0.53 60.42+0.54 106.204+0.72 58.98+0.54 65.50+£0.37 49.39+1.49
N 53.87+0.18 80.87+0.14 119.96+0.31 84.51£0.32 94.98+0.12 68.67+1.11
No. of roots/plant
I D 110.60+0.28 115.5841.00 252.55£1.20 118.50+1.36 154.91+1.20 173.25+3.00
N 160.05+0.80 232.80+0.38 313.80+0.64 230.80+0.38 240.78+0.21 231.09+2.43
I D 96.60+1.20 73.28+0.93 192.81+2.00 157.90+2.12 150.25+1.70 132.71+4.47
N 176.85+0.32 123.4040.18 259.80+0.24 213.80+0.60 238.32+0.65 205.05+2.10
1o D 125.97+0.76 141.3041.18 194 50+1.59 150.36+1.20 162.78+1.30 143.41+3.20
N 174.13+0.63 242.70+0.47 353.20+£0.66 244.10+0.60 267.45+£0.65 244.02£2.65
Root/shoot ratie (%)
I D 0.23+0.01 0.53+0.012 0.82+0.01 0.50+0.012 0.55+0.018 0.37+0.027
N 0.35+0.01 1.16+0.010 1.50+0.01 0.64+0.010 0.91+0.010 0.83+0.020
I D 0.34+0.01 0.31+0.010 0.54+0.01 0.51+0.100 0.50+£0.010 0.40+0.020
N 0.49+0.01 0.53+0.010 0.88+0.01 0.57+0.010 0.70+£0.010 0.56+0.020
1o D 0.36+0.01 0.43+0.013 0.60+0.01 0.36+0.010 0.48+0.010 0.42+0.020
N 0.43+0.01 0.78+0.010 0.940.01 0.53+0.010 0.71+0.010 0.71£0.020

Crosses I : Giza 177=Giza 178, 11 : Sakha 103 <Wab 880 SG 33, ITI : Sakha 104 <IET 1444

Table 2: Means and standard error of the six populations of grain quality characters for the three studied crosses under water deficiency (D) and normal (N)

conditions

Mean performance and standard error

Characters and crosses P, P, F, BC, BC, F,

Grain length (mm)

I D 7.42+0.016 7.3040.011 7.82+0.011 7.50+£0.013 7.2540.011 7.5440.031
N 7.89+0.010 7.56+0.070 8.15+0.010 7.99+0.010 7.90+0.010 7.85+0.070

I D 6.98+0.016 9.96+0.015 8.33+0.014 7.55+0.013 8.30+0.011 7.61+0.030
N 7.90+0.010 10.80+0.010 9.05=0.010 8.55+0.010 8.99+0.010 8.45+0.030

1 D 7.59+0.013 7.74+0.015 7.83+0.010 T.67+0.014 7.70+0.012 7.64+0.025
N 7.98+0.010 8.49+0.010 8.67+0.010 8.08+0.010 8.60+0.010 8.44+0.030

Grain shape

I D 2.19+0.01 2.58+0.018 2.37+0.011 2.23+0.011 2.33+0.011 2.2440.025
N 2.17+0.01 2.53+0.010 2.36+0.010 2.244+0.010 2.32+0.010 2.35+0.020

I D 2.12+0.01 3.30+0.010 2.51+0.011 2.18+0.010 2.48+0.012 2.4440.026
N 2.20+0.01 3.3240.010 2.55+£0.010 2.18+0.010 2.66+£0.010 2.4140.020

1o D 2.16+0.01 2.884+0.012 2.39+0.010 24440014 2.73£0.015 2.27+0.027
N 2.21+0.01 2.87+0.010 2.38+0.010 2.65+0.010 2.59+0.010 2.2840.020

Hulling (%)

I D 80.22+0.13 79.85+0.15 81.96+0.13 76.80+0.10 79.21+0.20 77.07+0.26
N 84.10+0.14 81.91+0.13 85.18+0.15 82.65+0.13 82.30+0.14 82.01+0.32

II D 79.07+0.13 77.8740.12 80.42+0.13 78.95+0.13 78.36+0.12 77.4540.29
N 83.41+0.11 81.78+0.13 84.93+0.14 83.6+£20.13 82.28+0.13 82.9440.33

1o D 80.08+0.12 79.80+0.11 82.31+£0.12 78.53+0.13 79.91+0.22 78.39+0.48
N 83.91+0.14 81.93+0.13 85.01=0.13 83.88+0.14 82.08+0.13 83.29+0.33

Milling (%)

I D 69.98+0.13 69.83+0.13 71.02+0.14 66.36+0.19 68.40+0.13 68.00+0.34
N 72.51+0.12 71.0240.12 72.91£0.12 T0.66+0.12 69.96+0.12 69.75+0.34

II D 68.95+0.14 67.02+0.12 70.18+0.11 68.58+0.12 68.30+0.12 67.86+0.33
N 71.13x0.12 69.92+0.11 71.97£0.12 70.01+£0.12 70.23+0.14 69.50+0.33

1 D 69.88+0.11 66.87+0.12 71.00+0.13 68.98+0.12 68.33+0.11 67.80+0.33
N 72.16+0.12 69.76+0.12 72.53+0.11 69.57+0.11 71.00+0.13 70.61+0.35

Head rice (%)

I D 60.9320.03 59.05+0.035 62.12+0.12 57.08+0.12 58.92+0.10 59.35+0.28
N 63.12+0.12 61.58+0.130 63.53+£0.13 62.3620.15 61.86+0.13 62.31+0.31
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Table 2: Continue

Mean performance and standard error

Characters and crosses P, P, F, BC, BC, F,

II D 60.10:0.04 60.90+0,03 62.27+0.12 60.21+0.12 61.02+0.11 59.56+0.29
N 62.06+0.13 62.28+0.16 63.70:£0.15 62.40+0.13 62.95+0.14 62.60+0.37

I D 62.02+0.10 57.0340.12 63.05£0,12 59.08£0.12 58.4040.11 59.77+0.32
N 62.93+0.12 59.80+0.11 63.40:£0.13 61.01+£0.13 60.30£0.12 61.97+0.32

Amylose content (%)

I D 19.66+0.09 23.95+0,13 26.77+0.12 21.73+0.12 24.48+0.12 23.53+0.29
N 18.95+0.09 22.18+0.10 23.92+0.12 20.30+£0.13 21.45+0.10 22.82+0.29

II D 20.98+0.12 25.02+0.14 28.72+0.12 22.67+0.12 24.02+0.13 24.60+0.30
N 19.41+0.13 24.1340.15 25.05+0.12 22.07£0.12 23.0340.13 23.5540.30

I D 21.02+0.12 25.3240.14 29.00£0.12 23.37£0.10 25.5140.11 24.89+0.33
N 19.67+0.13 24.3140.13 25.47+0.12 23.8140.11 24.4740.12 23.7240.30

Crosses I : Giza 177=Giza 178, 11 : Sakha 103 <Wab 880 SG 33, III : Sakha 104 <IET 1444

parents in most of the studied traits. The F, mean values in the crosses I and III under water deficiency

were higher than the highest parent for root length, root
volume, number of roots/plant, root/shoot ratio,
hullin %, milling %, head nice % and amylose content % in
all the studied crosses while it was higher than the
highest parent for grain length mn the crosses I, IIL
On the contrary, the mean values were intermediated
between the two parents for grain shape in all the crosses
and gramn length mn the cross II. On the other hand, the F,
mean values were higher than the highest parent for root
length in the cross T, root volume in the cross 1T, number
of roots/plant in the crosses II and III under water
deficiency and normal conditions and the cross I under
normal conditions, root/shoot ratio in the cross TI, grain
length in the cross I under water deficiency conditions
and head rice % in the cross I under normal conditions
and amylose content in the cross I under normal
conditions while the other remaimng crosses m the same
traits were intermediate between the two parents, except
hulling% in all the crosses under water deficiency
conditions, milling% in the cross T and head rice % in the
cross 1 under water deficiency conditions were lower
than the lowest parent. Moreover, BC, mean values were
higher than the highest parent for root length m the
crosses | and II under water deficiency conditions and the
crosses [ and III under normal conditions, root volume in
the cross II under water deficiency and the cross III under
normal conditions, number of roots/plant mn all the crosses
under water deficiency and the crosses IT and TTT under
normal conditions, root/shoot ratio in the cross II, grain
length in the cross [, hulling% and head rice % 1n the
cross IT under normal conditions and milling% in the cross
II under water deficiency conditions. The BC, mean
values were higher than the lighest parent for root length,
mumber of roots/plant, root volume, except cross T under
water deficiency conditions, root/shoot ratio, except the
crosses | and III under normal conditions were
intermediate  between the two parents, grain length in
the crosses I and III under normal conditions,
head rice % i the cross II and amylose content %
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conditions and the cross III under normal conditions.

Estimates of heterosis and degree of dominances: As
shown in Table 3 and 4, the degree of dominance was
greater than unity (+1.0) for root length, root volume,
number of roots/plant, root/shoot ratio, hulling %,
milling %, head rice % and amylose content in all the
crosses and the crosses 1, III for grain length under water
deficiency and normal conditions, suggesting the
importance of over-dominance in controlling these traits.
However, the degree of dominance was less than umity for
grain shape in all the crosses and grain length in the cross
IT under water deficiency and normal conditions. The ratio
which was between zero and unity, suggesting partial or
incomplete dommance might be played a remarkable role
in the inheritance of these traits. The same results were
previously obtained by Abd Allah (2000), Abd El-Lattef
and Mady (2009) and El-Abd et al. (2008).

Tt is clear in Table 3 and 4 that significant, highly
significant and positive estimates of heterosis as a
deviation from mid and better parents were obtained for
root length, root volume, number of roots/plant,
root/shoot ratio, hulling %, amylose content %, milling %
and head rice % n the cross II. While, the other remaming
crosses were exhibited highly significant negative as a
deviation from mid-parents under water deficiency and
normal conditions and positive from better parents under
water deficiency conditions. Similar results were reported
earlier by Abd El-Lattef et ol (2008), Ganapathy and
Ganesh (2008), Abd Allah (2009) and Hassan ef af. (2011).

Estimates of genetic components of generation mean: As
shown mn Table 5 and 6 that mean effect parameters (m)
were highly significant for all the studied traits. Additive
gene action (d) played an mmportant role n the inheritance
of all the studied characters, except root length and
root/shoot ratio in the cross IT under water deficiency
conditions, gram length m the cross III under water
deficiency conditions, hulling % in the cross I under
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Table 3: Estimates of heterosis as a deviation from mid-parents (MP), better-parent (BP) and degree of dominance of rice root characters, for the three studied
crosses under water deficiency (D) and normal (N) conditions

Heterosis (%6)

MP BP Degree of dominance
Characters and crosses D N D N [4B)] (N)
Root length (cm)
I 48.64%* 3667 44.97%% 29.85%% 19.25 6.98
II 28.22%#* 31.40%* 20.68%+* 19.50%# 4.52 3.18
1o 2241 % 37.27%% 12.73%% 28.52%% -14.26 -20.18
Root volume (cm?)
I 173,74+ 104,04+ 94, 10%* 46.94%* -4.23 -2.67
I 249, 574 191.38+## 218.85%* 173.84%* -25.90 -29.87
1o 110.57%% 78.05%* 75.80%#* 48.33%% -5.60 -3.89
No. of roots/plant
I 123.31%* 59.75%* 118.49%* 34.77%% -55.92 -3.22
II 126,98+ 73.08%# 09, 5g%* 46.92%* 9.25 4.10
1o 45.54%% 69.50%* 37.65%+* 45.56%* -7.94 -4.22
Root/shoot ratio (%)
I 116.09%* 97.63%* 54.66%* 28.83%% -2.92 -1.82
II 68.75%* T1.79%* 58.82%# 64.90%% 16.03 -17.41
1o 51.06%* 54.35%* 3877 20.40%* -5.76 -1.92

* ##Significant and highly significant at 0.05 and 0.01 levels of probability, respectively
Table 4: Fstimates of heterosis as a deviation from mid-parents (MP), better-parent (BP) and degree of dominance of rice grain quality characters, for the three

studied crosses under water deficiency () and normal (N) conditions

Heterosis (%6)

MP BP Degree of dominance
Characters and crosses D N D N D N
Grain length (mm)
I 6.20%# 5.48%* T.19%* 7.83%* 7.51 2.51
I -1.65%+* -3 15 19.33## 14.59## 0.09 0.20
1 2.22%% 5.38%* 3.20%* 8.75%# -2.14 -1.73
Grain shape (mm)
I -0.66%* 0.51%# 8.17#% 8.84%#* 0.08 -0.06
II ST19%% -7.83%% 18.58%* 15.60%* 0.33 0.38
1 -5.20* 6.5 %% 10.52%## T.43%* 0.36 0.50
Hulling (%)
I 2.40%% 2.62%* 2.16%* 1.2 10.26 1.99
II 2.48%#* 2.82%% 1.70%* 1.82%# 3.25 2.87
1o 2.96%% 2.51%# 2.77%% 1.31%#* 16.47 2.11
Milling (%o)
I 1.59%* 1.5G%* 1.48H# 0.55 14.83 1.53
II 3234 2.04%* 1.7 Gk 1,17 2.28 2.38
1o 3.82%% 2.21%# 1.59%# 0.51 1.73 1.31
Head rice (%)
I 3.55%+% 1.89%# 1.95%* 0.65 2.26 1.53
II 2.90%% 2.45%% 2.21%% 2.26%% -4.26 -13.55
1 5.91%#* 3.30%* 1.65%# 0.73 1.41 1.29
Amylose content (%)
I 22,79 16.32%+ 36.16% 26.23 %4 -2.31 -2.08
II 24.85%* 15.04%* 36.86%* 29.04%* -2.83 -1.38
1o 25.13%* 15.82%#* 37.93%% 20.47%% -2.70 -1.50

* ##Significant and highly significant at 0.05 and 0.01 levels of probability, respectively

Table 5: Genetic components of generation means of rice root characters for the three studied crosses under water deficiency (D) and normal (N) conditions

Genetic components of generation mean

Characters and crosses m d h i i 1

Root length (cm)

1 D 21.57%* -0.78%* 11.1%* 1.47 -0.28 9.15%*
N 27.33%* -1.51%#* 22,92 % 13.54#* -0.16 -15.32%%

I D 19.94#* -0.30 15.41%* 9.73%% 0.95%* S7.34%*
N 24,33 -1.42%* 17.00%+ 9.35%% 0.98%** -3.06*

1 D 22,220 -1.02%* 17.85%# 12.65%* 0.96%* -10.86%*
N 27.58%* -4 47 28.62 % 18.21 #* 2,57 -14.19%#

Root volume (cm’)

I D 45,13%* -2, 27k 81,20 % 17.76 12.72%% 57.23%%
N 70,50 * -28.33%* 60.52%# 0.37 -5.87HE 68.80%+

I D 33.42%* -3.83%# 72.15%# 18.57#* -1.76% 22.18%%
N 52.02%* S17.13% 106.65%* 45.02%* -15.07%* -46.10%*
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Table 5: Continue

Genetic components of generation mean

Characters and crosses m d h i i 1
1o D 49.39%% -6.51%* 107.22%% 51.40%* 3.43%% 13.14
N 68.67F* -10.47%% 136.88%* 84.30%* 3.02%% -68.62%%
No. of roots/plant
I D 173.25%% -36.41%#* -6.75 -146.20%* -33.91%% 330.67+*
N 231.09%* -0.91%* 136.35%* 18.95 26.50%% 58.37*%
II D 132.71%* 7.65%* 193.31%* 85.45%* -4.00 -146.42%*
N 205.05%* -24.52%% 193.72%% 84.01%* -51.25%% -168.34%#*
1o D 143.41%* -12.42%#% 113.49%* 52.63%* -4.76% -22.65
N 244.02%% -23. 274 192.01%* 47.15%% 11.00%#* 53.01%*
Root/shoot ratie (%)
I D 0.37%% -0.049%# 1.05%#* 0.60%* 0.103%* -0.30%
N 0.83%% -0.26%* 0.54%% -0.20% 0.13%% 1.60%*
II D 0.40%* 0.012 0.62%* 0.41%# -0.0002 -0, 72k
N 0.56%* -0.12%% 0.67+* 0.30%* -0.1%* -0.06
1o D 0.42%% 0.11%#* 0.22% 0.022 -0.08%* 0.27
N 0.71%% -Q.17H* -0.02 -0.35 0.004 0.96%*

m: Mid-parent value, d and h: Pooled additive and dominance effects, respectively, i, j and 1. Pooled additivexadditive, additivexdominance and
dominance xdominance gene interaction, respectively, * **Significant and highly significant at 0.05 and 0.01 levels of probability, respectively

Table 6: Genetic components of generation means of rice grain quality characters for the three studied crosses under water deficiency (D) and normal (N)

conditions
Genetic components of generation mean
Characters and crosses m d h i i 1
Grain length (mm)
I D T34 0.2 55 -0.22 -0.68 * 0.19%* 1.55%%
N 785 0.0 0.80% 0.37 -0.07 -0.40
I D T.61%* -0, T 1.153%# 1.27%% 0.74%* 0.62%*
N BA5%% 0.4 3 0.95%: 1.2 * 1.01%* 0.4 8%
I D T.64% -0.03 0.3 %+ 0.17 0.044 0.09
N .44 %% -0, 50 0.07 S0 3T -0).25%* 0.80%*
Grain shape
I D 2.24%% -0.1 et 0.13 0.15 0.09%* 0.25%
N 2.35%% -0.08 -0.28%# -0.30%* 0.10%* 0.60%*
I D 2. 44 %% -0, 28k -0.61%* S0 0.20%* 1.53%%
N 241 %% 0.4 8+ -0.18 0.02 0.07+* 0,904
I D 2.27%% 0,28 1.14%# 1.27%% 0.07+* -1 7T
N 2.28%% 0.5 1.20%% 1.30%* 0.39%* 22,01 %%
Hulling (%)
I D 7,07 2247 5.65 372 =260 8.25
N 82.01 0.35 4.01%# 2.25 -0), Tk A.65%*
II D 77.45%* 0.58%* 6.77%* 4.82% % -0.01 -1.65
N 82,044 1.33%# 2.39 2.46 0.52% 3.19#
I D 78.39%# A1 3T 5.70%* 3.33 -1.51%#* 4.27
N 83,20 1.80%* 0.87 -1.31 0.81%* 5.1h
Milling (%}
I D 68,00 =203 -1.36 -2.47 S 01 14.82%#
N 69,75 0. Tt 3,39+ 2.25 -0.04 5.86%*
I D 67.86% 0.28 4,50 % 2.30 -0.67* 0.26
N 69. 50 -0.22 397 % 2.46 -0).8F%* 2.4
I D 67.80% 065 6,06 3.45% -0).85%* 0.66
N 70.61 1.4 258 0.25 -1.31 -2.62% TG
Head rice (%)
I D 59,35 -1.83 =324 =537 <2 Tk 17.58%*
N 62,00 0.50% 1.59 0.41 -0.26 2.92
I D 59,65 -0.81 563 3.87%* -0.39% -0.77
N 62,60 0. 55 1.82 0.30 -0.43 0.75
I D 59,77 068 -0.60 - 12 -1.80y%* 14,31 #*
N 61,97 0,77 -3.24% -5.27H* -0).85%* 12.18%*
Amylose content (%)
I D 23 53 -2, TS 3284 -1.68 0. 604 6,304
N 22 82 1.1 5 - 42% % S8 0.45% 13.25%#
I D 24, 60+ <1350 0.68 -5.03%* 0.66%* 15.09%*
N 23 55 0965 -0.73 .00 * 1.0y TAGh
I D 24, 89+ -2 13 4.05%* -1.79 0.01 B3G%*
N 23 T2 -0. 66 5.15% 1.67 1.65%* -3.31%

m: Mid-parent value, d and h: Pooled additive and dominance effects, respectively, i, j and 1: Pooled additivexadditive, additivexdominance and
dominance xdominance gene interaction, respectivety, * **8ignificant and highly significant at 0.05 and 0.01 levels of probability, respectively
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normal conditions and milling%s in the cross 1T under water
deficiency and normal conditions. Moreover, dominance
gene action (h) played a greater role m all the studied
crosses, except number of roots/plant n the cross I under
water deficiency conditions, root/shoot ratio in the cross
III under normal conditions, grain length m the cross I
under water deficiency and the cross 1II under normal
conditions, grain shape in the cross 1 under water
deficiency and cross II under normal conditions,
hulling % in the crosses IT and T under normal
conditions, milling % in the cross T under water deficiency
conditions and cross III under conditions,
hulling % in the crosses [ and II under normal conditions

normal

and the cross III under water deficiency conditions and
amylose content in the cross II under water deficiency
and normal conditions. Additivexadditive type of gene
mteraction (1) played an effective role m all the crosses,
except root length in the cross [ under water deficiency
conditions, root volume m the cross I under water
deficiency and normal conditions, number of roots/plant
in the cross I under normal conditions, root/shoot ratio in
the cross III under water deficiency and normal
conditions, grain length in the cross T under normal
conditions and the cross III under water deficiency
conditions, grain shape in the cross 1 under water
deficiency conditions and cross II under normal
conditions, hulling % mn the cross [ and III under water
deficiency and normal conditions and the cross II under
normal conditions, milling % m the crosses I and II under
water deficiency and normal conditions and the cross III
conditions, head m the
crosses [ and IT under normal conditions and amylose
m the under water deficiency
conditions and the cross III under water deficiency
and normal conditions. Additivexdominance type of
gene interaction (j) played an important role in the

under normal rice %

content cross |

inheritance of all the studied characters, except root
length in the cross I under water deficiency and normal
conditions, number of roots/plant n the cross 1I under
deficiency conditions,
cross 1I under water deficiency conditions and the cross
[T under normal conditions, grain length and milling % in
the cross I under normal conditions, hulling % m the
cross 1T under water deficiency conditions, head rice % in
the crosses T and IT under normal conditions and amylose
content % in the cross I under water deficiency
conditions. type of gene
interaction (1) played an important role in the inheritance
of all the studied characters, except root volume and

water root/shoot ratio in the

Dominance *dominance

number of roots/plant mn the cross III under water
deficiency conditions and root/shoot ratio 1n the cross II
under normal conditions and the cross I1I under water
deficiency conditions, gram length in the cross I under
normal conditions and the cross III under water deficiency
conditions, hulling % in all crosses under water deficiency
conditions, milling % in the cross 1T under water
deficiency and normal conditions and the cross 11T under
water deficiency conditions, head rice % in the cross T
under normal conditions and the cross IT under water
deficiency and normal conditions.

These findings suggest that additive gene effects
made a significant contribution to the inheritance of the
studied characters m these crosses. The three types of
gene interaction were important in the mheritance of the
studied traits under drought conditions. These results
were in agreement with those obtained previously
by  Shehata et al. (2004), Mamckavelu et al. (2006),
Kumar et al. (2006), El-Abd et al. (2008) and Hassan et al.
(2011).

Estimates of genetic variance, heritability and genetic
advance: Data summarized in Table 7 and 8 revealed

Table 7: Estimates of additive genetic variance (*/; D), dominance genetic variance (*/; H), broad and narrow-sense heritabilities and genetic advance
(G.8 9% of rice root characters for the three studied crosses under water deficiency (D) and normal (N) conditions

Genetic variance Heritability

Characters and crosses 'AD RAsI Broad-sense Narrow-sense G.S G.8 (90

Root length (cm)

I D 0.27 -0.14 82.93 20.30 16.33 7572
N 0.12 -0.06 80.23 40.31 23.42 85.69

I D 0.39 -0.21 83.59 15.89 15.21 76.27
N 0.13 -0.06 81.15 3834 23.02 94.75

I D 0.53 -0.29 8532 12.20 13.42 60.38
N 0.22 -0.11 89.01 22.06 16.09 58.35

Root volume (cm?)

I D 10.89 -5.36 94.73 13.35 66.44 147.21
N 311 -1.47 94.60 20.19 54.74 7765

II D 343 -1.59 89.09 33.68 99.78 298.51
N 1.50 -0.77 86.41 21.46 40.65 78.14

I D 4.03 -2.16 8338 19.50 60.04 121.57
N 2.38 -1.18 95.95 9.58 22.09 3217
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Table 7: Continue

Genetic variance Heritability

Characters and crosses LD YH Broad-sense Narrow-sense G.8 G.8 (%)

No. of roots/plant

1 D 14.92 -6.70 a0.17 36.23 25540 130.09
N 11.65 -6.13 9315 331 16.63 7.19

11 D 3247 -14.68 88.84 37.79 348.03 262.52
N 8.05 -3.70 98.48 17.6 76.24 37.18

m D 18.23 -8.98 835.92 30.69 207.52 144.69
N 1328 -6.60 94.91 11.27 al.6l 25.24

Root/shoot ratio (%)

I D 0.001 -0.0004 83.00 63.85 3.65 969.00
N 0.0008 -0.0004 66.53 41.78 1.94 233.54

I D 0.0008 -0.0004 80.36 39.31 1.9 469.39
N 0.0008 -0.0004 71.49 47.25 2.36 418.65

I D 0.001 -0.0006 71.20 31.32 1.67 399.12
N 0.0009 -0.0005 60.46 42.33 2.09 293.81

Crosses I Giza 177=Giza 178, II: Sakha 103xWab 880 8G 33, III : Sakha 104<IET 1444

Table 8: Estimates of additive genetic variance (/; D), dominance genetic variance (%, H), broad and narrow-sense heritabilities and genetic advance
(G.S %) of rice grain quality characters for the three studied crosses under water deficiency (D) and normal (N) conditions

Genetic variance Heritability
Characters and crosses YD Y, H Broad-sense Narrow-sense G.8 G.8 %
Grain length (mm)
I D 0.001 -0.0008 81.81 32.10 2.06 27.31
N 0.010 -0.007 62.12 7.42 1.14 14.58
II D 0.001 -0.001 77.91 28.05 1.93 25.38
N 0.002 -0.001 86.43 27.17 1.98 23.45
1o D 0.0009 -0.0004 72.27 59.18 3.08 40.35
N 0.002 -0.001 87.36 24.93 1.80 21.37
Grain shape
I D 0.001 -0.0005 71.02 39.86 211 94.26
N 0.001 -0.0005 71.85 35.71 1.84 78.39
I D 0.001 -0.0005 82.90 37.84 2.04 83.69
N 0.0008 -0.0004 76.03 51.96 2.54 105.11
1 D 0.001 -0.0004 83.31 59.11 3.30 145.51
N 0.001 -0.0006 80.89 34.63 2.02 88.64
Hulling (%)
I D 0.083 -0.034 79.38 71.32 43.08 55.89
N 0.17 -0.09 80.38 35.73 24.13 29.42
II D 0.14 -0.07 80.07 36.49 22.15 28.59
N 0.18 -0.09 84.37 32.99 22.59 27.24
1 D 0.40 -0.18 93.52 29.89 29.91 38.16
N 0.18 -0.09 83.03 34.23 23.68 28.43
Milling (%o)
I D 0.17 -0.08 71.32 47.56 33.53 49.31
N 0.20 -0.10 87.62 27.01 19.08 27.36
II D 0.18 -0.09 80.07 28.99 19.87 29.29
N 0.19 -0.09 87.08 31.82 22.12 31.83
1o D 0.19 -0.09 93.52 26.70 18.31 27.00
N 0.22 -0.11 88.44 25.31 18.68 26.46
Head rice (%)
I D 0.13 -0.06 92.73 34.51 20.42 34.41
N 0.16 -0.07 81.97 41.78 27.44 44.26
I D 0.14 -0.06 92.56 33.25 20.01 33.55
N 0.23 -0.11 83.69 29.89 22.79 36.41
1 D 0.18 -0.09 86.20 25.95 17.44 29.19
N 0.17 -0.08 84.51 33.25 21.97 35.45
Amylose content (%)
I D 0.14 -0.07 84.50 34.70 21.27 90.39
N 0.14 -0.07 86.61 33.38 20.45 89.59
II D 0.15 -0.07 81.83 36.23 22.69 92.24
N 0.14 -0.07 78.77 37.45 23.42 99.43
1o D 0.19 -0.1 84.35 22.40 15.32 61.57
N 0.15 -0.08 80.74 30.15 19.00 80.09

Crosses I : Giza 177=xGiza 178, II: Sakha 103=<Wab 880 SG 33, III: Sakha 104<IET 1444
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that additive genetic variance (4D) was higher than
dominance genetic variance (¥H) for all the studied
characters under water deficiency and normal conditions,
indicating that additive component of genetic variance
was predommant in the expression for all the studied
characters.

Heritability in broad sense, estimates were larger than
their corresponding ones of narrow sense heritability for
all the studied crosses. High broad sense heritability was
estimated for most of the studied characters under
water deficiency and normal conditions. Narrow sense
heritability ranged from low to moderate in the three
studied crosses. High estimates of expected genetic
advance were recorded in all the crosses for root/shoot
ratio under water deficiency and normal conditions and
most of the crosses for number of roots/plant, root
volume and root length under water deficiency
conditions. High estimates of expected genetic advance

were recorded for grain shape in most of the studied

crosses followed by amylose content under water

deficiency and normal conditions, indicating that
the selection for these traits will be effective in early
segregating generations. Similar results were reported by
Toorchi et al. (2002), Gomez and Kalamani (2003) and

Abd El-Lattef et al. (2008).

Estimates of phenotypic correlation coefficients: The
phenotypic correlation coefficients among all possible
pairs of root and grain quality and with gram yield/plant
traits are presented in Table 9 and 10. Lucidly, grain yield
was positively and strongly correlated with each of root
length, root volume, number of roots/plant, root/shoot
ratio, grain length, grain shape, hulling%, milling% and
head rice % 1n all the studied crosses under water
deficiency and normal conditions. Therefore, any
selection based on these traits will bring the deswed
improvement in grain yield Amylose content showed
insignificant negative or positive correlation with most

Table 9: Phenotypic correlation coefficient among all possible pairs of some root and grain yield/ plant characters in the F, generation of the crosses I I and

ITT under water deficiency (D) and normal (N) conditions

Characters and crosses 1 2 3 4
Root length (cm)
I D
N
II D
N
1 D
N
Root volume (cm?)
I D 0.866**
N 0.82%*
II D 0.775%%
N 0.81%#
1 D 0.818**
N 0.73%*
No.of roots/plant
I D (.859%* 0.762%%
N 0.63%* 0.65%*
I D 0.795+* 0.94G
N 0.67%* 0.84%*
1 D 0.818** 0.943
N 0.82%* 0.84%*
Root/ shoot ratio
I D 0.759%* 0.641%* 0.873%%
N 0.68%* 0.79%* 0.70%#
II D 0.409%* 0.632%% 0.627%*
N 0.64%% 0.79%* 0.72%%
1o D 0.943%% 0.846%* (.852%*
N 0.74%% 0.73%% 0.86%*
Grain yield/plant (g)
I D 0.829%+* 0.721 #+# 0.962%+* 0.840%+
N 0.66%* 0.73%* 0.68%* 0. 70k
I D 0.674+* 0.857 0.863 +* 0.724#%
N 0.65%* 0.80%* 0.75%* (.75
1 D 0.936%+* 0.863 *# 0.879%* 0.953##
N 0.82%% 0.82%% 0.94%% .84 %%

* *#Significant and highly significant at 0.05 and 0.01 levels of probability, respectively
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Table 10: Phenotypic correlation coefficient among all possible pairs of grain quality and grain yield/plant characters in the F; generation of the crosses I, T

and TTT under water deficiency (D) and normal (N) conditions

Characters and crosses 1 2 3 4 bl 6
Grain length (mm)
1 D
N
I D
N
il D
N
Grain shape
I D 0.675%*
N 0.68%*
I D 0.782%*
N 0.02
i D 0.564%*
N 0.62%%
Hulling (%)
1 D 0.767%* 0.642%*
N 0.63%* 0.72%%
I D 0.841%** 0.733%*
N 0.74%* 0.06
s D 0.751%* 0.537%%
N 0.92%% 0.57%%
Milling (%)
I D 0.717%* 0.550%* 0.621%#*
N 0.69%* 0.69%% 0.78%*
I D 0.759%# 0.732%* 0.748%*
N 0.82%* 0.03 0.78%*
il D 0.798%** 0.567** 0.691%*
N 0.82%* 0.55%#* 0.83%%
Head rice (%)
1 D 0.735%* 0.672%* 0.738%* 0.574 %%
N 0.68%* 0.74%% 0.79%% 0.75%%
I D 0.620%* 0.617%* 0.675%* 0.583%*
N 0.74%* 0.05 0.69%% 0.71%#
s D 0.814%* 0.578%* 0.672%% 0.736%*
N 0.81%# 0.56%% 0.85%% 0.74%%
Amylose content (%)
1 D 0.304* 0.252 0.186 0.229 0.265
N 0.03 0.07 -0.04 -0.01 -0.06
I D 0.114 0.071 -0.015 0.086 -0.038
N -0.27% 0.14 -0.27% -0.25 -0.35%
s D 0.029 -0.125 -0.057 -0.067 0.048
N -0.32% -0.36%* -0.29% -0.32% -0.33*
Grain yield/plant (g)
I D 0.963%* 0.688%* 0.785%# 0.718%* 0.747%% 0.312%
N 0.75%% 0.70%* 0.72%% 0.78%* 0.71%# 0.03
I D 0.948%* 0.820%* 0.880%# 0.779%* 67T 0.068
N 0.84%* 0.08 0.74%% 0.79%% 0.72%% -0.30%
s D 0.950%* 0.581%* 0.794 %% 0.810%* 0.846%* -0.002
N 0.91%* 0.59%* 0.92%% 0.81%* 0.83%* -0.29%
# #*Zjgnificant and highly significant at 0.05 and 0.01 levels of probability, respectively
other grain quality traits. Root length was highly REFERENCES

significant and positive associated with root volume,
number of roots/plant and root/shoot ratio in all the
studied crosses. However, a highly significant and
positive estimate of phenotypic correlation coefficient
was recorded between grain length and each of grain
shape, hulling%, milling% and head rice %. Present
findings coincide with the results of Abd El-Lattef and
Mady (2009), Hassan ef af. (2011 ) and Haider ef al. (2012).
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