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ABSTRACT

The present investigation was carried out at the Farm of Sakha Agricultural
Research Station, during 2012 and 2013 summer seasons. Combining ability analysis
was estimated in rice through a 6 x 6 diallel set analysis involving 6 diverse parents
for grain yield and its components and grain quality. Eight yield and its component and
eight grain quality characters were studied. Mean square values of parents and
crosses and parents vs crosses were found to be highly significant for all characters.
Both general and specific combining ability variances were found to be highly
significant for all characters, indicating the importance of both additive and non-
additive genetic variance in determining the performance of the studied sixteen
characters. GCA/SCA ratios were found to be greater than unity for all characters
studied except for panicle length, number of filled grains/panicle and gelatinization
temperature, indicating that the additive and additive x additive types of gene action
were of great importance in the inheritance of all the studied characters except for the
three mentioned traits which were controlled by non-additive genetic variance. The
genotypes GZ 1368, Sakhal06, Sakha 102 and Sakha 103 were good general
combiners for most studied characters. Cross combinations involving such parents
were superior for most of studied characters. The promising combinations for grain
yield along with at least two of yield component characters were GZ1368 x Giza 177,
Sakha 106 x Giza 176, Sakha 102 x Giza 177, Sakha 102 x Sakha 106, GZ 1368 x
Sakha 103 and Giza 176 x Giza 177. Four crosses Sakhal06 x Giza 177, Sakhal03 x
Gizal77, Sakhal02 x Giza 176 and Sakhal03 x Gizal76 showed highly significant
and positive SCA for most studied grain quality characters. A greater magnitude of
heterosis ranged between 2.38 and 13.88% was observed in seven crosses i.e.
Sakha 103 x Sakha 106, Sakha 103 x Giza 176, Sakha 103 x Giza 177, GZ1368 x
Giza 177, Sakha 106 x Giza 176, GZ1368 x Sakha 103 and Sakha 102 x Sakha 106
for grain yield /plant and grain quality characters. The availability of sufficient hybrid
vigor in several crosses in respect of grain yield suggests that a hybrid breeding
program could profitably be undertaken using these materials.

From the foregoing discussion, it may be concluded that the crosses, Sakha
103 x Sakha 106, Sakha 103 x Giza 176, Sakha 103 x Giza 177, GZ1368 x Giza 177,
Sakha 106 X Giza 176, GZ1368 x Sakha 103 and Sakha 102 x Sakha 106 can be
rated as the best crosses based on their heterosis in most of the studied traits
including grain yield. Thus, it can be exploited in subsequent generations to improve
most of the studied traits. Four crosses Sakhal06 x Giza 177, Sakha 103 x Giza 177,
Sakha 102 x Giza 176 and Sakha 103 x Giza 176 could be recommended for
growing as hybrid rice.
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INTRODUCTION

Rice is high impact on economy, lies within the fact that it
occupies about 22% of the planted area in Egypt during the summer season.
Moreover, rice is an important export crop. The amount exported was
500.000 tons RRTC (2002). The rice area increased during the last five years
to about one and half million feddans. In Egypt, the success in releasing new
rice varieties depend on rice breeding program will not only increase the rice
production but also, maximize the farmer's income. Therefore, efforts are
needed to develop improved rice cultivars with early maturity and higher grain
yield potential. Rice as food in Egypt is challenged by increased demand on
rice and threatened by declining water availability. Releasing rice crop
cultivars that require less water without sacrificing productivity are needed.
Grain quality characters of rice are the complex characters composed of
many components such as nutritional quality and appearance. Cooking and
eating quality to mention only a few. Each component also consists of many
attributes that are determined not only by their physical — chemical properties
but also by the history and cultural traditions of the human communities who
consume the rice. Grain quality represented a major problem in rice
production in Egypt. The main reason of this problem seems from the poor
cooking and eating quality of many widely grown rice varieties, especially in
Egypt (El-Hissewy and El-Kady, 1992). GCA (general combining ability) and
SCA (specific combining ability) values help to identify good combiners and
proper choice of male and female parent in hybrid rice programs and rice
variety selection (Hammoud, 2004).

Therefore, the present investigation was aimed to Evolution the
performance of some rice genotypes, Determine the mode of inheritance and
type of gene action of yield and grain quality characters, Estimate phenotypic
correlation among all possible yield and grain quality characters and Identify
the most desirable genotypes as donors in future breeding programs.

MATERIALS AND METHOD

The present investigation was carried out at Sakha Agricultural
Research Station, during 2012 and 2013 summer seasons. Six Egyptian rice
cultivars, namely, GZ 1368, Sakha 102, Sakha 103, Sakha 106, Giza 176
and Giza 177 were crossed in half diallel design to estimate the general
(GCA) and specific (SCA) combining ability and level of heterosis as
compared to the better parent for grain yield, yield components and grain
quality traits in rice. Parentage and type/ group of planted rice cultivars are
given in Table 1

Six rice cultivars chosen based on their considerable level of
variability in yield and its related characters were raised thrice at an interval of
10 days to overcome the differences in flowering time for the purpose of
hybridization during 2012 summer season at Sakha Agricultural Research
Station and a half diallel cross was carried out to produce 15 hybrids. Thirty
days old seedlings from the fifteen cross combinations along with the six
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parents were transplanted in randomized complete block design with three
replications during 2013 summer season at Sakha Farm Station. In each
replication the size of the plot consisted of 5 rows, 5 m length and 20 cm
apart. Spacing among plants was 20 x 20 cm. Each hybrid was raised in 5m
length plot size. The three central rows were used for data collection and
observation. Other cultural practices were used as recommended. Twenty
plants were randomly taken from each parent and each F; cross, from each
replicate. Data were collected on eight rice characters, morphology, yield and
its components viz; plant height (cm), days to complete heading, panicle
length (cm), number of panicles / plant, number of filled grains / panicle,
sterility%, 100-grain weight and grain yield /plant (g). Also, eight grain quality
characters viz; grain shape%, hulling %, milling%, head rice%, grain
elongation%, gel consistence, gelatinization temperature and amylose
content% were studied.

Table (1): Parentage and type of planting group of rice cultivars

No Genotype Parentage Type

1 GZ1368 Egyptian saline tolerant line Japonica/Indica
2 Sakha 102 GZ4089-7-1 x Giza 177 Japonica

3 Sakha 103 Giza 177 x Suweon 349 Japonica

4 Sakha 106 Giza 177 x Hexi 30 Japonica

5 Giza 176 Calrose 76 x Giza 172 x G242 Japonica

6 Giza 177 Giza 171 x Yomiji no 1 x pi no4 Japonica

The studied traits were recorded as follows:

a- Yield and its component

1- Plant height (cm): Length of the main culm measured from the soll
surface to the tip of the main panicle at maturity.

2- Days to heading (days): were determined as the number of days from
date of sowing to the date of the first panicle exertion.

3- Panicle length (cm): Length of main panicle was measured from the base
to the tip of panicle at complete maturity.

4- Number of panicles / plant: was determined by counting the number of
panicles / plant, when the plant reached ripening stage.

5- Number of filled grains / panicle: Average number of grains formed on
randomly chosen five main culms carrying panicle.

6- Sterility %: Average number of unfilled grains relative to filled grains /
panicle

7- 100-grain weight (g): was recorded as the weight of 100 random filled
grains.

8- Grain yield/plant (g) was recorded as the weight of grain yield of each
individual plant.

b- Grain Quality Characters.

1-Grain shape: was determined by the length (L): Width (W) ratio.

2-Hulling %: Brown rice weight (g) / Total rough rice weight (g) x 100.
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3- Milling %: Total milled rice weight (g) / Total rough rice weight (g) x 100.

4-Head rice % = Weight of head rice (g) / Milled rice weight (g) x 100.

5-Grain elongation % = Grain length after cooking (mm) / Grain length
before cooking mm) x 100.

6-Gelatinization temperature: determined as was recorded by Little et al.
(1958).

7-Gel consistency: was determined as carried out by Cagampang et al
(2973).

8- Amylose content: was determined according of Williams et al.(1958).

Statistical analysis:

The combining ability analysis was done following (Griffings, 1956)
Model 1 Method 2. The data for each measurement were tabulated and
analyzed by Fisher’s analysis of variance (Steel and Torrie, 1980). The diallel
analysis was used to evaluate traits that show significant variation among the
parents. Significant differences in phenotypes assumed to imply that genetic
differences were present. Simple additive — dominance model approach of
Hayman (1954) and Singh and Chaudhary (1979) as modified by Mather and
Jinks (1982) was followed for genetic analysis and for the estimation of
components of genetic variation. The significance of components of variation
in F, generation was tested by Mather and Jink (1971).

Estimation of heterosis:

Useful heterosis for each trait of individual crosses was calculated as
the percentage increase in F; performance above the better parent
performance. Heterosis over better-parent % was estimated as follows:

H (%) = E.-BP X 100
BP
Where, F; = Mean value of the first generation and BP= Mean value of the
better-parent. Appropriate LSD value was calculated to test the significance
of the heterotic effects, according to the following formula, suggested by
Wynne et al. (1970).

LSD for better parent heterosis =t (V 2ZMSer)

Where: t = tabulated “t” value at the specified level of probability for the
experimental error degrees of freedom. MSE = the experimental error mean
squares of the analysis of variance, and r = number of replications.

RESULTS AND DISCUSSION

a.Analysis of variance

Analyses of variance for the studied traits under investigation are
presented in Tables 2 and 3. The genotype mean squares were highly
significant for all the studied traits indicating wide range of genetic variability
among the studied genotypes and this is a primary requirement for further
computation. Mean square values of parents and crosses were found to be
highly significant for all characters. Parents Vs crosses mean sqguares were
highly significant for all yield and its component and grain quality characters.
Both general and specific combining ability variance were found to be highly
significant for all characters, indicating the importance of both additive and
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non-additive genetic variance in determining the performance of these
sixteen characters. General combining ability/specific combining ability ratio
was used to clarify the nature of the genetic variance involved. With the
exception of three traits under investigation; panicle length, number of filled
grains/panicle, and grain elongation; GCA/SCA ratios were found to be less
than unity indicating non-additive inheritance for these three characters. For
all remaining characters under study GCA/SCA ratios were exceeding unity
indicating that the additive and additive x additive types of gene action were
of great importance in the inheritance of all the studied characters except for
these three mentioned traits which were controlled by non-additive genetic
variance. Therefore, it could be concluded that the presence of large amounts
of additive effects suggests the potentiality for obtaining further improvement
in the studied characters. Also, selection procedure based on the
accumulation of additive effects. would be very successful in improving these
characters. However, to maximize selection advance, procedures which are
known to be effective in shifting gene frequency, when both additive and non-
additive genetic variation are present should be involved.

The obtained results agreed with those previously observed by EI-Abd
(2003), Abd El-Lattef (2004), Hammoud (2004), Sinha et al. (2006), Mujataba
et al. (2007) and Rahimil et al. (2010).

Table (2):Mean square estimates of ordinary and combining ability
analysis for yield and yield component characters.

Days to : No. of
complete Plant Panicle NO.' of filled Sterility | 100-grain Grain
S.0.V. d.f ; height | length | panicles ) - }
heading grains % weight(g) | yield/plant
(cm) (cm) Iplant ;
(days) /panicle
Replications| 3 12.26 8.14 1.22 1.36 65.41 2.67 0.82 24.82

Genotypes | 20 | 198.27* |[300.24* | 29.17* | 14.35** |1624.18**| 11.63** | 15.24* | 369.14*
Parents (P) | 5 | 2134.25* | 224.38* | 5.27* | 62.38* |8245.64**|416.34** | 19.22* | 589.65*
Crosses (Cr) | 14 | 201.47** [212.82* [19.25* [ 8.26** | 156.37** | 8.63** | 21.74** | 177.35**
P.vs Cr. 1 | 175.41* [299.64* [ 87.41* | 39.26** [3915.71* | 89.75** | 20.48** |2684.45**
Error 60 11.72 6.24 1.13 1.08 63.54 1.94 2.17 15.64
G.CA 5 | 140.81** |197.45% | 4.12* | 8.69* | 132.45* | 9.46* | 4.27* | 201.34*
S.CA 15 | 35.86* | 29.84** | 4.63* | 3.54* [ 395.73** | 4.61* 6.27* | 59.42**
Error 60 2.97 1.09 0.63 0.48 14.62 0.54 0.73 5.42
GCA / SCA 4.98 6.18 0.96 5.46 0.68 3.95 1.47 4.87
*and ** significant at 0.05 and 0.01 probability levels, respectively.

Table (3): Mean square estimates of ordinary and combining ability analysis
for some grain quality characters.

. . Grain s Amylose
Grain | Hullin - Head ) Gel Gelatinization
SOV, df Shape% % ’ Milling % Rice % EIongoatmn Consistence | Temperature cor;/toent
Replications | 3 0.73 11.45 9.42 7.34 0.35 10.89 0.94 1.64
Genotypes |20 | 16.84** | 201.45** | 195.64** | 163.24** | 7.49** 199.74** 19.46** 16.78**
Parents (P) | 5 | 17.62** [235.14** |231.42**|214.36** | 9.41** 249.71* 21.84** 74.62**
Crosses(Cr) |14 | 20.36** |297.12** | 214.63** | 199.48** | 10.43** 250.34* 26.25** 9.74**
P.vs Cr. 1 | 19.48** | 264.53*[199.47** | 145.63** | 9.36** 238.74* 21.89** 42.68**
Error 60| 1.97 5.28 4.63 3.25 1.23 4.97 2.94 1.64
G.CA 5 | 3.94* |154.81**|114.56** [104.67**| 2.15** 123.49** 4.89** 9.47*
S.CA 15| 5.42** | 25.29** | 22.64** | 19.75** 3.21* 422.19** 5.79** 4.93**
Error 60| 0.55 1.23 1.15 0.97 0.32 1.12 0.84 0.63
GCA/SCA 1.64 5.46 241 1.99 0.54 4.73 1.97 6.41

*and ** significant at 0.05 and 0.01 probability levels, respectively
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b.Mean performance of parents and their F; generation:

The performance of parents and F; generation are presented in Table
4. It shows that the tallest plants were observed in GZ 1368 followed by
Sakha 102, Giza 176, Sakha 106 and Sakha 103, while, the earlier and
shortest ones were exhibited in Sakha 103 and Sakha 106, followed by
Sakha 103, Sakha 106, Sakha 102 and Giza 176. On the contrary, GZ 1386
was the latest one in days to complete heading. In addition, Sakha 106 had
the longest panicle (23.15cm), followed by Giza 177, Sakha 103, Sakha 102
and Giza 176, but GZ 1368 gave the shortest panicle length (18.99 cm).
Whereras, Giza 176, Sakha 103, Giza 177 and Sakha 102 gave the highest
number of panicles/ plant, GZ 1368 gave lowest (13.98 cm) number of
panicles per plant. On the other hand, high number of filled grains /panicle
(146.58 fertile grains) was recorded for Sakha 106 followed by GZ 1368
(140.25), Sakha 103 (132.65) and Giza 176 (128.99), while the lowest
number of field grains/panicle (119.23) was recorded for Giza 177. Lowest
sterility% was recorded for Sakha 106 (12.36%) followed by Giza 176
(13.71%) but, the highest sterility% was recorded for Sakha 103 (19.74%).
Heaviest 100-grain (2.73 g ) weight was recorded from Sakha 106, followed
by Sakha 102 (2.63 g) and GZ1368 (2.62 g). Highest grain yield/plant (42.68
g) was obtained from Sakha 106 followed by Sakhal03 (39.18 g), Sakha 102
(36.45 g/), Giza 177 (35.26 g) Giza 176 (32.65 @), while GZ 1368 rice variety
gave the lowest rice grain yield/plant.

The F; mean values of all rice crosses were earlier than the late rice
cultivar; GZ 1368 from almost 1 to 17 days. Seven rice crosses, Sakha 102 x
Sakha 106, Sakha 102 x Giza 176, Sakha 106 x Giza 177 (90 days), Sakha
102 x Giza 177, Sakha 102 x Sakha 103, Giza 176 x Giza 177 (91 days) and
Sakha 103 x Giza 177 (92 days) were earlier than the earliest rice cultivar,
Giza 177 (93 days). Moreover, plant height ranged between 94.53cm for
(Sakha 103 x Giza 177) and 107.25 cm for (GZ1368 X Sakhal02) rice cross,
which agree with the target of rice breeders for selection of short stature rice
genotypes, resistance to lodging and suitable for mechanical harvesting. The
highest estimated values of panicle length and number of field grains /
panicle were recorded from cross Sakha 102 x Sakha 106. Also, highest
estimated values of number of panicles /plant were recorded on Sakha 106 x
Giza 176 rice cross. Moreover, lowest sterility % and highest grain yield /
plant were detected for Sakha 106 x Giza 176 (12.28 % and 44.35 g / plant)
followed by GZ1368 x Sakhal06 (13.71 % and 43.62 g / plant) in that order.
While the heaviest 100 grain weight was recorded from Sakha 102 x Giza
177 rice cross. Maximum grain yield /plant was observed for Sakha 106 x
Giza 176 (44.35), while the minimum grain yield / plant (29.02 g) was
harvested from Sakha 102 x Sakha 176 cross, making almost a range
between 4.620 and 3.465 ton/feddan, respectively, indicating possibility of
increasing grain vyield through hybridization followed by selection in any
traditional breeding program.

The rice grain quality characters are presented in table (5). The highest
mean values of grain shape for the parents were (2.62 %) obtained from
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Sakha 106, followed by Sakha 102 (2.45 %) and GZ1368 (2.41 % cm). While
the highest hulling %, milling % (82.14 % and 73.25 % respectively) was
recorded from GZ1368 rice variety. Highest head rice % (68.17 %) was
obtained from Sakha 10, followed by Giza 177 (67.41 %). On the other hand,
longest grain elongation (0.80 %) was recorded for Sakha 103. Also highest
gel consistence (95.23%) and low amylose content (18.27 %) were obtained
for Sakha 106. Also, the intermediate of gelatinization temperature was
recorded from GZ1368 rice variety.

The F; mean values of grain quality characters (Table 5) showed that
the bold grain shape (2.75 %) was obtained for Sakha 102 X Sakha 106,
followed by (2.73) for Sakha 106 X Giza 176, (2.68 %) for GZ1368 X Sakha
103 and (2.54 %) for Sakha 106 X Giza 177. The highest hulling %, milling %
and head rice % were recorded from GZ1368 X Sakha 106. Highest mean of
grain elongation (0.82 %) was recorded for Sakha 103 X Sakha 106, followed
by (0.79 %), Sakha 103 X Giza 176. Highest mean values for gel consistence
(94.67) obtained for Sakha 102 X Sakha 106, followed by (94.58) for Sakha
103 X Sakhal06.

Also, intermediate gelatinization temperature % (5.94%) recorded from
GZ1368 X SakhalO2, while the other remaining crosses had low
gelatinization temperature. On the other hand cross Sakha 103 X Sakha 106
was the lowest one for amylose content.

Table (4): Mean performance of the six parents and their F; generation
of 6 x 6 diallel cross for some yield and its component

characters.

Daysto | Plant | Panicle | No. of ';‘illjlé?:if Sterility |100-grain (;irjg

genotypes arégg\iite height length | panicles grains % weight jplant
9] (cm) (cm) Iplant Jpanicle Q) )

GZ 1368 107 105.22 18.99 13.98 140.25 15.22 2.62 30.25
Sakha 102 102 102.31 20.12 19.24 125.31 14.63 2.63 36.45
Sakha 103 100 95.14 21.48 20.15 132.65 19.74 2.54 39.18
Sakha 106 100 100.25 23.15 22.54 146.58 12.36 2.73 42.68
Giza 176 105 102.15 20.18 15.24 128.99 13.71 2.61 32.65
Giza 177 103 90.24 22.59 19.34 119.23 16.84 2.48 35.26

GZ1368 X Sakha 102 105 107.25 20.12 16.51 132.56 15.83 2.63 36.14
GZ1368 X Sakha 103 102 102.28 22.15 18.62 139.54 16.23 2.57 38.25
GZ1368 X Sakha 106 100 103.51 21.98 21.14 156.24 13.71 2.68 43.62
GZ1368 X Giza 176 107 105.41 20.17 14.36 139.25 14.82 2.44 31.17
GZ1368 X Giza 177 103 99.15 21.59 15.72 137.62 15.63 2.52 33.02
Sakha 102 X Sakha 103| 91 98.81 21.45 20.21 125.34 16.84 2.51 35.26
Sakha 102 X Sakha 106| 90 101.08 24.78 21.45 159.12 13.81 2.66 41.19
Sakha 102 X Giza 176 90 104.95 21.47 18.27 130.36 14.62 2.52 29.15
Sakha 102 X Giza 177 91 97.58 22.35 19.36 124.13 15.73 2.78 31.45
Sakha 103 X Sakha 106| 101 97.26 22.51 23.15 147.56 18.87 2.63 41.91
Sakha 103 X Giza 176 103 100.15 20.45 18.54 131.56 16.23 2.59 34.18
Sakha 103 X Giza 177 92 94.53 21.52 21.59 125.46 20.74 2.45 35.26
Sakha 106 X Giza 176 104 101.48 22.47 24.82 139.52 12.85 2.53 44.35
Sakha 106 X Giza 177 90 96.43 24.37 23.14 132.71 15.62 2.59 37.54

Giza 176 X Giza 177 91 95.24 22.42 17.52 126.45 14.53 2.52 33.28
LSD at 0.05 2.28 3.15 1.98 3.74 4.13 112 0..27 2.56
LSD at 0.01 3.48 4.62 2.67 4.58 5.26 1.95 0.86 3.79
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Table (5): Mean performance of the six parents and their F; generation
of 6 x 6 diallel cross for some grain quality characters.

Grain Grain Gelatiniz Amyls
genotypes Shape Hulling Milling % Head Elongati Ge] ation conten
% Rice % Consiste [Temperat
% on % t %
nce ure
GZ 1368 241 82.14 73.25 66.23 0.67 87.15 5.24 29.17
Sakha 102 2.45 80.54 68.15 60.45 0.71 89.23 6.26 19.25
Sakha 103 2.36 79.16 71.28 64.28 0.80 93.54 6.52 18.27
Sakha 106 2.62 81.24 72.56 68.17 0.76 95.23 6.63 19.56
Giza 176 2.15 80.25 72.54 65.82 0.63 94.28 6.28 20.34
Giza 177 2.23 70.41 73.15 67.41 0.67 78.36 6.11 21.59

GZ1368 X Sakha 102 241 81.14 72.20 65.24 0.68 88.34 5.94 25.16
GZ1368 X Sakha 103 2.43 80.23 73.26 64.35 0.78 89.64 6.28 20.15
GZ1368 X Sakha 106 2.68 83.15 74.85 70.58 0.72 92.45 6.41 23.45
GZ1368 X Giza 176 2.34 81.20 71.25 65.48 0.64 91.42 6.12 22.34
GZ1368 X Giza 177 2.41 75.46 73.65 66.28 0.67 80.26 6.15 26.15
Sakha 102 X Sakha 103| 2.42 80.31 70.24 63.24 0.75 91.28 6.35 16.25
Sakha 102 X Sakha 106| 2.75 82.54 73.62 69.13 0.74 94.67 6.42 19.87
Sakha 102 X Giza 176 2.29 80.63 71.15 64.18 0.72 93.45 6.19 20.18
Sakha 102 X Giza 177 2.28 76.21 70.52 64.32 0.70 88.72 6.05 20.36
Sakha 103 X Sakha 106| 2.51 80.24 72.15 65.22 0.82 94.58 6.74 18.46
Sakha 103 X Giza 176 2.23 80.34 71.13 65.27 0.79 93.26 6.38 19.58
Sakha 103 X Giza 177 241 75.16 72.58 66.38 0.69 82.45 6.27 19.45
Sakha 106 X Giza 176 2.73 82.19 73.65 69.48 0.68 94.35 6.41 19.24
Sakha 106 X Giza 177 2.54 80.24 71.64 68.32 0.72 90.28 6.35 20.24
Giza 176 X Giza 177 2.26 76.25 72.58 66.45 0.65 92.46 6.18 20.59
LSD at 0.05 0.21 2.13 1.29 197 0.11 2.24 0..23 2.14
LSD at 0.01 0.54 3.24 2.15 2.34 0.21 3.79 0.76 3.26

c.Estimates of general (GCA) and specific (SCA) combining ability:
Obviously, estimate of GCA showed that the parents GZ1368, Sakha
106 and Sakha 103 were found to be good general combiners for grain
yield/plant (Table 6). High GCA effect of GZ1368 was associated with its high
GCA effect for panicle length, number of panicles /plant, number of filled
grains /panicle, lowest sterility% and 100 grain weight. The good combining
ability of cultivar Sakha 106 was due to high elongation of its panicle and its
heavy grains, while the high estimates of general combining ability of cultivar
Sakha 103 for grain yield /plant was due to its highest estimates of panicle
length and number of panicles /plant. The results also revealed that among
the studied parents, GZ1368, followed by Sakha 106 and Sakha 103 were
the best general combiners for tall plant height. Moreover, Giza 177, Sakha
103, GZ1368 and Giza 176 were the best general combiners for earliness.
General combining ability (GCA) estimates for grain quality characters
(Table 7) showed that, the best GCA were recorded for Sakha 102, Giza 177
and GZ1368 for grain shape. While good GCA for hulling % was recorded for
GZ1368, Sakhal03, Giza 176. On the other hand best GCA for milling and
head rice were obtained for Sakha 106, Sakha 103 and Sakha 102.
Moreover, best GCA for grain elongation was recorded for Sakha 103,
GZ1368 and Sakha 102. While best GCA for gel consistence was recorded
for Sakha 106, GZ1368 and Sakha 103. Best GCA of gelatinization
temperature was obtained for Sakha 102, Sakha 106. Also best GCA for
amylose content was obtained for Sakha 106, Sakha 102, Giza 176 and Giza
177. Therefore, it may be concluded that identifying crosses involving these
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parents would result in possibility of superior genotypes with favorable genes
for grain yield and component characters and other grain quality characters.
High GCA effects are related to additive and additive X additive components
of genetic variation, the parents with higher positive significant GCA effects
are considered as good combiners, while those with Negative GCA effects
are poor general combiners except for in case of plant height, earliness and
sterility%. Similar results were obviously recorded by EI-Abd (2003),
Hammoud (2004), Shehata (2004), Satish and Seetharamaiah (2005),
Sharma et al. (2005), Dhakar and vinit (2006), EI-Abd et al. (2007) and
Saleem et al. (2008).

Table (6): Estimates of general combining ability (GCA) effects for yield
and its component characters.

Days to | Plant | Panicle| No of ,;kl)l gf Sterilit 100- G'rallg
Parents complete| height | length | panicles e ertlity grain yie
heading| (cm) (cm) Iplant grains % weight | /plant
/panicle (9) (9)
GZ 1368 -3.56** 4.63** 0.25** 0.38** 6.44** 2.63* 0.63** 5.46**
Sakha 102 2.57* -5.23** -0.84 ** -1.23** -5.36** 2.74* -1.94** -4.62**
Sakha 103 S3.61% | 4.12% 0.52* -0.89* -2.41% | -2.63%* 1.28* 3.86**
Sakha 106 3.54% | -4.15% | 1.42% 1.46%* 11.71% | -2.94* | -1.36** | 4.36*
Giza 176 -2.63** 4.29** -0.73** -1.67** -3.45** -1.02** 0.49 -3.52**
Giza 177 S3.72% | -3.277 | 0.41% -0.83* 74T | 111 0.79% | -4.86*
S.E. at 0.05 0.54 0.63 0.25 0.17 1.22 0.54 0.11 0.93
S.E.at 0.01 1.63 1.54 0.36 0.21 2.16 0.93 0.26 1.15

*and ** significant at 0.05 and 0.01 probability levels, respectively.

Table (7): Estimates of general combining ability (GCA) effects for
some grain quality characters.

. . Grain

Parents shapeys | Hulling %[ Miling 9| 124 1€ |tongation ¢, 52, e | coment 4
GZ 1368 -0.54** 5.12** -4.26** 3.41* 0.29** 4.18** 1.44** 1.54*
Sakha 102 1.82** -5.82** -4.82 ** 2.64** 0.25** -5.12** -3.93** -1.64**
Sakha 103 -1.63** 5.01** 4.96** 3.52-** 0.36** 4.17** 2.84* -1.05*%*
Sakha 106 -1.95%* -6.28** 5.41* 3.63* -0.48** 5.94** -3.04** 1.84**
Giza 176 -0.33** 4.96** -3.71* -4.01** -0.15** -3.82** 1.28 -1.52**
Giza 177 0.84** -4.21*%* 3.12* 2.87* -0.26** -3.97** 1.84** 1.01*
S.E. at 0.05 0.21 0.84 0.15 0.82 0.12 0.43 0.16 0.73
S.E. at0.01 0.32 1.63 0.42 1.04 0.26 0.96 0.38 1.25

*and ** significant at 0.05 and 0.01 probability levels, respectively.

The estimates of specific combining ability of 15 crosses for 8
yield and its components are presented in Tables 7. It is observed that a total
of 6 crosses GZ1368 x Giza 177, Sakha 106 x Giza 176, Sakha 102 x Giza
177, Sakha 102 x Sakha 106, GZ 1368 x Sakha 103 and Giza 176 x Giza
177 exhibited positive and significant SCA for grain yield /plant. These
crosses are promising combinations for grain yield along with at least two of
yield components. It is observed that majority of the crosses with high SCA
for grain yield were involved with low / high or high / low or high / high or low /
low combining parents. But very few crosses showing low / low general
combiners showed high SCA .The cross combinations showing high
negative SCA for days to heading were GZ 1368 x Giza 176, Sakha 103 x
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Sakha 106, GZ1368 x Sakha 102, Sakha 102 x Sakha 106, Sakha 106 Giza
177 and Sakha 106 x Giza 176. On the other hand The cross combinations
showing high negative SCA for plant height were Sakha 106 x Gizal76,
Sakha 103 x Sakha 106, Sakha 102 x Giza 177, Sakha 102 x Sakha 106,
Sakha 103 x Sakha 103 and GZ1368 x Giza 177. For panicle length and
number of panicles / plant positive estimates of SCA are desirable and the
good specific combinations were GZ1368 x Sakha 103, Sakha 102 x Giza
177, Sakha 102 x Sakha 106, GZ1368 x Giza 177 and Sakha 102 x Sakha
103. The cross combinations viz., Sakha 102 X Giza 177, GZ1368 x Sakha
103, Sakha 106 x Gizal76, Sakha 102 x Sakha 106, Sakha 106 x Giza 177
and GZ1368 x Sakha 103, were good specific combinations for number of
filled grains / panicle. The best specific combinations for sterility % were
Sakha 102 x Giza 177, GZ 1368 x Sakha 103 and Sakha 102 x Sakha 106.

Table (8): Estimates of specific combining ability (SCA) effects for yield

and its component characters.
Days to

No. of 100-

complet | Flant | Panicle | No.of 4 g0y | sierlity | grain | SrAN
Crosses P height | length |panicles ) Y| g yield
€ (cm) (cm) /plant grains % weight Iplant (g)
heading /panicle (9)

GZ1368 X Sakha 102 -6.21% | 4.27* | -3.95** | -1.74* 5.84 2.97* -2.94** | -5.93*
GZ1368 X Sakha 103 2.56 -4.99%* | 4.25* 1.63** | 12.73** | -4.91** 2.63** 5.97*
GZ1368 X Sakha 106 8.49** | -3.12** | -3.28* | -1.52** | -16.45** | 3.02** -1.91%* | -5.26**
GZ1368 X Giza 176 -6.48** | -4.25** | -0.69* 1.94* | -32.74* | 1.46* -3.54** | -8.42**
GZ1368 X Giza 177 3.15% | -3.99** | 2.24* 1.63** | 20.62** | -2.87** 1.82** 8.97**

fggha 102 X Sakhal ¢ sgu | 4080 | 206 | 2.41% |-1481% | 154% | 213% | 5.204%

fggha 102 X Sakha| g oow | 59ge | 421 | 068 | 1827+ | -3.62% | 3.25% | 605+

Sakha 102 X Giza 176 | 1.97 [ -4.23** [ -2.35* | -1.96** | -8.42%* | 3.41** | -4.08** 1.35
Sakha 102 X Giza 177 5.24** | -4.29** 4.23* 1.84* | 31.64** | -4.94** 4.12* 7.62%*
fggha 103 X Sakha| g ogen | go7er | 3.74% | 2.08% |-1352% | 334~ | -0.84 | -0.41%
Sakha 103 X Giza 176 2.81* | -4.35% 0.94 2.94* 5.47 -2.22%* 4.92** 5.42**
Sakha 103 X Giza 177 | 142 | -5.48** | -2.85* | -1.04** | -6.23* | 2.97** [ -3.05* | -4.28**
Sakha 106 X Giza 176 -0.95 -7.42** 3.69* 1.82** 19.62** | -2.04** 2.74* 8.19**
Sakha 106 X Giza 177 | -3.27* [ 6.95* | -2.14 2.31* | 15.46* | -1.08 [ -2.25* | -9.41*
Giza 176 X Giza 177 8.41% | 2.22* | 1.02% | 1.64* | 13.27* | -1.21* | 2.14* | 5.69*
S. E. at 0.05 1.63 1.47 0.83 0.59 3.27 0.74 0.84 2.15
S.E.at 0.01 2.45 2.04 1.42 0.86 5.14 1.22 1.27 3.24
*and ** significant at 0.05 and 0.01 probability levels, respectively.

Four crosses namely, Sakha 103 x Giza 176, Sakha 102 x Giza 177,
Sakha 102 x Sakhal06 and Sakha 106 x Gizal76 exhibited highly significant
and positive SCA effects forl00-grain weight. SCA for grain quality
characters presented in Table 9, shows that eight crosses; Sakhal03 x Giza
176, Sakhal02 x Gizal76, Sakhal02 x Giza 177, Sakhal03 x Giza 177,
Gizal76 x Giza 177, Sakhal02 x Sakha 103, GZ1368 x Sakha 106 and
Gz1368 x Sakha 103 were highly significant and positive for grain shape.
While seven crosses Sakha 106 x Giza 177, GZ1368 x Sakha 103, Sakha
103 X Giza 177, Sakha 102 x Giza 177, GZ1368 x Giza 177, GZ1368 x
Sakha 106 and Giza 176 X Giza 177 had highly significant and positive SCA
for hulling, milling and head rice %. Also 5 crosses, Sakhal03 x Sakha 106,
GZ1368 x Gizal76, Giza 176 x Giza 177, Sakhal06 x Giza 177 and GZ1368
x Sakha 102 showed highly significant and positive SCA for grain elongation.
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The best positive SCA for gel consistence was recorded for Sakha 102 x
Sakha 106, GZ1368 x Giza 176, GZ1368 x Giza 177, Sakha 106 x Giza 177
and GZ1368 x Sakha 102. On the other hand, 5 cross Sakha 102 x Giza 176,
GZ1368 x Giza 176, Sakha 106 x Giza 176 and GZ1368 x Giza 177 showed
highly significant and negative SCA for gelatinization temperature. Also
negative highly significant SCA for amylose content was obtained from Sakha
106 x Giza 177, Sakha 102 x Giza 177, Sakha 103 x Giza 177 and Gz 1368 x
Giza 103.

Moreover, these cross combinations also included the parents
recorded either good or poor GCA for these traits. Through there is a
preponderance of non-additive gene action for grain yield and its components
and grain quality characters in the hybrids resulted in high amount of vigor in
F., where selection can be postponed to later generation. These findings
were in agreement with those of Yu et al. (2004), Bagheri et al. (2005),
Rosamma and Vijayakumar (2005), Paradhan et al. (2006)., Radish et al.
(2007), Abd —El-Lattef and Badr (2007), El-Abd et al. (2007), Saleem et al.
(2008) and Rahimil et al. (2010).

Table (9): Estimates of specific combining ability (SCA) effects for grain
guality characters.

Grain Gelz_mmz Amyls
ation

Elongatio Gel Temperat content
n % Consiste ure %
nce
GZ1368 X Sakha 102 -2.63** | -4.88* | -2.68** | -1.97* 1.02 -4.62** 3.67* 3.91*
GZ1368 X Sakha 103 2.15 5.12** 3.51* 2.63** -1.69*%* | -3.74* 2.84* -4.67**
GZ1368 X Sakha 106 1.23* | 3.69% | -3.94* | 2.41% | -1.42* | 356** | -2.86** | 4.16**
GZ1368 X Giza 176 -2.46** | -3.97* -0.76* 2.63** 2.74* -2.46* -4.22** 6.32**
GZ1368 X Giza 177 1.42% | 4.01* | 3.48* | 1.99% | -0.61* | 3.46* | 2.84* | 4.21*
Sakha 102 X Sakha 103 2.25%* | -4.39%* | 256* | -2.11% | -1.41% | 2.84* | 3.62% | 3.14*
Sakha 102 X Sakha 106 -3.12% | -6.27* | 4.55% 1.32 -1.27%* | -4.53% | 4.67% | 4.22%
Sakha 102 X Giza 176 | 3.56 | -3.64** | -3.15** | -2.05% | -2.22* | 3.94* | 4.98* -2.63
Sakha 102 X Giza 177 3.22* 4.28** 4.96** 2.95* -1.62*%* | -5.14* 4.58** -5.41**
Sakha 103 X Sakha 106 -1.54** | -5.41* | -4.28* | -2.28* | -1.72** | -3.96** 1.28 6.28**
Sakha 103 X Giza 176 | 3.62** | -4.68** | -1.08 | -3.74** 3.41 2.74* | 5.39% | 526*
Sakha 103 X Giza 177 2.96 4.97* 3.97* 2.68* -2.13* -3.29** 3.96** -3.99**
Sakha 106 X Giza 176 | -1.95 | -6.28* | -3.98** | -2.13* | -1.42* | -2.04* | -2.89* | 7.20%
Sakha 106 X Giza 177 | -2.36** | 5.41** 2.63 2.64* | 1.16* 213 | -2.64* | -8.11*
Giza 176 X Giza 177 2.64** | 2.97% | 2.63* | 1.53* | 1.23* 1.26* 2.39%* | 4.39*
S. E. at 0.05 0.63 1.03 0.94 0.94 0.27 0.84 0.93 1.22
S.E.at0.01 1.13 2.62 1.63 1.22 0.54 1.64 1.66 2.14
*and ** significant at 0.05 and 0.01 probability levels, respectively.

d.Estimates of better parent heterosis:

Large number of crosses exhibited high estimates of heterosis in a
desirable direction for different characters under study. The estimates of
heterosis for yield and its component characters are presented in Table 10. A
greater magnitude of heterosis ranged between (2.38 and 13.88%) was
observed in seven crosses Sakha 103 x Sakha 106, Sakha 103 x Giza 176,
Sakha 103 x Giza 177, GZ1368 x Giza 177, Sakha 106 X Giza 176, GZ1368
x Sakha 103 and Sakha 102 x Sakha 106 for grain yield /plant. The
availability of sufficient hybrid vigor in several crosses in respect of grain yield
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suggests that a hybrid breeding program could profitably be undertaken in
rice. For days to complete heading the crosses Sakhal02 X Giza 176,
GZ1368 x Sakha 102, Sakha 102 x Giza 177, Sakha 102 x Sakha 106,
Sakha 106 x Giza 176 and Sakha 103 x Giza 176 exhibited high negative
heterosis, Appearance of significant and negative heterosis for days to
complete heading indicated the possibility of exploiting heterosis for
earliness. Also plant height, six crosses, GZ 1368 x Giza 177, Sakhal02 x
Giza 177, GZ1368 x Sakha 103, Sakha 106 x Giza 177, Sakha 103 x Sakha
106 and Sakha 106 x Giza 176 recorded significant heterosis in a desirable
negative direction. Six crosses, Sakhal06 x Gizal77, Sakha 102 x Gizal76,
GZ1368 x Sakha 103, Sakha 103 x Giza 177, Sakha 106 x Giza 176 and
Sakha 102 x Sakha 106 recorded significant heterosis in a desirable positive
direction for panicle length. While, highly significant and positive estimates of
heterosis were observed for number of panicles /plant in six the crosses
namely GZ1368 x Giza 177, GZ1368 x Sakha 103, Sakha 106 x Giza 176,
Sakha 103 x Giza 177, Sakha 102 x Sakha 106 and Sakha 106 x Giza 177.
On the other hand, desirable heterosis was found among two studied crosses
Sakha 102 x Sakha 106 (8.90 %) and GZ1368 x Sakha 106 (6.84 %) for
number of filled grains/panicle.

Out of fifteen studied crosses, only three crosses, Sakha 106 x Giza
177, Sakha 102 x Sakha 106 and Sakha 102 x Giza 177 exhibited highly
significant negative estimates of heterosis for sterility %. The estimates of
desirable heterosis, for 100 grain weight were recorded in two crosses Sakha
103 x Giza 177 and Sakha 102 x Giza 177 only.

Table (10): Estimates of heterosis as a deviation from better parent of
the fifteen rice crosses for some, yield and its component

characters.
Days to Plant | Panicle No. of No. filled 1&?;1 Grain
Genotypes complete | height | length | panicles | Grains |Sterility % V\?ei ht yield
heading (cm) (cm) Iplant /panicle (gg) /plant (g)

GZ1368 X Sakha 102 | 10,52** | 4,90** -1.03 -15,78** | -571* 7,14* 0.42 0.31
GZ1368 X Sakha 103 2.01 -7,36** | 4,76** | -10.23** -0,71 14,28** | -3,84** 2,56*
GZ1368 X Sakha 106 1.01 3.26** | -8,66** | -4,54** 6,84** 8,33** 0.79 -2,38*

GZ1368 X Giza 176 1,90 2,94* -1.04 -6,66** -0,71 7,69* [-11,11*| 3,12**
GZ1368 X Giza 177 1,98 -10.11*+ | -4,54* | 21,05** -2,14 7,14** -3,84** | 5,71*
Sakha 102 X Sakha 103 3,26** 3,15** -1.02 -1.02 -5,30** 14,28** | -3,84** | 10,25**

Sakha 102 X Sakha 106 | -6,45** | 1.12 | 4,34* | 4,54* 8,90** 8,33** | -3,70* | 2,38
Sakha 102 X Giza 176 -13,96** | 1,96 | 5.23* | -526* -1,51 7,69%* | -3,84% | 22,02+
Sakha 102 X Giza 177 -7,52* | -7,77* | 1.01 1.01 -6,06** | 7,14* | 3,84** | 13,88**
Sakha 103 X Sakha 106 1.10 | -5,26** | -4,34** | -4,54** | -13,01* | 50.12* | -3,70* | -2,38*
Sakha 103 X Giza 176 -3.21** | -1,05 | -4,72* | -10.11* | -0,75 | 33,33* | -3,84** | 12,82**
Sakha 103 X Giza 177| 2.12 6,31** | -4,54* | 512* | -530* | 66,66** | 4.11** | 10,25**
Sakha 106 X Giza 176| -4.31* | -4.12* | -4,34** | 9,09%* | -4,79** 0.98 | -7,40% | 4,76
Sakha 106 X Giza 177| 1.01 | -5,55** | 9,09** | 4,54 | -9,58* | 25.12* | -3,70** | -11,90**
Giza 176 X Giza 177 1,98 4,90% | -4,54* | -10,52* | -2,32 7,69 | -3,84% | -571*
*and ** significant at 0.05 and 0.01 probability levels, respectively.

Concerning estimates of heterosis for grain quality characters as
shown in Table 11, highest significant and positive direction was recorded
from two crosses namely, Sakha 102 x Sakha 106 and Sakha 106 x Giza
176. Most rice crosses gave the highest significant and negative for hulling
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%, milling %, grain elongation and gel consistence, while Positive highly
significant heterosis estimate was obtained for one cross; GZ1368 x
Sakhal06 (16.17%).

On the other hand nine rice crosses GZ1368 x Sakha 106, GZ1368 x
Sakha 103, GZ1368 x Giza 176, GZ 1368 x Giza 177, GZ1368 x Sakha 102,
Sakhal06 x Giza 177, Sakhal06 x Giza 176, Sakhal02 x Sakha 106 and
Sakha 103 x Sakha 106 showed highly significant and positive direction for
gelatinization temperature, while negative highly significant of heteroses was
recorded for one cross Sakha 102 x Sakha 103 for amylose content.

From the foregoing discussion, it may be concluded that the crosses,
Sakha 103 x Sakha 106, Sakha 103 x Giza 176, Sakha 103 x Giza 177,
GZ1368 x Giza 177, Sakha 106 x Giza 176, GZ1368 x Sakha 103 and Sakha
102 x Sakha 106 can be rated as the best crosses based on their heterosis in
most of the studied traits including grain yield. Thus, it can be exploited in
subsequent generations to improve most of the studied traits. Similar results
were reported by several scientists like, Zhen et al. (2004), Jin et al. (2005),
Faiz et al. (2006), Shanthala et al. (2006), Paradhan et al. (2006)., Radish et
al. (2007), Abd EL-lattef et al (2011) and Rahimil et al. (2010).

Concerning estimates of heterosis for grain quality characters as
shown in Table 11, highest significant and positive direction was recorded
from two crosses namely, Sakha 102 x Sakha 106 and Sakha 106 x Giza
176. Most rice crosses gave the highest significant and negative for hulling
%, milling %, grain elongation and gel consistence, while Positive highly
significant heterosis estimate was obtained for one cross; GZ1368 x
Sakhal06 (16.17%).

On the other hand nine rice crosses GZ1368 x Sakha 106, GZ1368 x
Sakha 103, GZ1368 x Giza 176, GZ 1368 x Giza 177, GZ1368 x Sakha 102,
Sakhal06 x Giza 177, Sakhal06 x Giza 176, Sakhal02 x Sakha 106 and
Sakha 103 x Sakha 106 showed highly significant and positive direction for
gelatinization temperature, while negative highly significant of heteroses was
recorded for one cross Sakha 102 x Sakha 103 for amylose content.

From the foregoing discussion, it may be concluded that the crosses,
Sakha 103 x Sakha 106, Sakha 103 x Giza 176, Sakha 103 x Giza 177,
GZ1368 x Giza 177, Sakha 106 x Giza 176, GZ1368 x Sakha 103 and Sakha
102 x Sakha 106 can be rated as the best crosses based on their heterosis in
most of the studied traits including grain yield. Thus, it can be exploited in
subsequent generations to improve most of the studied traits. Similar results
were reported by several scientists like, Zhen et al. (2004), Jin et al. (2005),
Faiz et al. (2006), Shanthala et al. (2006), Paradhan et al. (2006)., Radish et
al. (2007), Abd EL-lattef et al (2011) and Rahimil et al. (2010).
e.Estimates of genetic variance, heritability and expected genetic
advance:

It is clear from Table (12) that Heritability in broad sense estimates
(h2b.) was larger than their corresponding ones of narrow sense heritability
(h2n.) for all studied characters. High broad sense heritability (93.24%, 92.45
% and 91.24 %) was estimated for number of panicles / plant, panicle length
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and hulling % respectively. It was found to be moderate (74.63%) for amyls
content % to high (91.11%) for days to complete heading. High narrow sense
heritability was recorded for hulling % (52.34%). While it was ranged from low
to moderate, in other remaining grain yield and gain quality traits. The
variation among the heritabilities in both broad and narrow sense values
might be due to either gene expression of the trait. The results also revealed
that the magnitude of heritability in narrow sense was lower than its
corresponding for all studied characters, suggesting the increase contribution
of additive gene effect. Additive gene affects increased in the subsequent
generation, which help the breeders to select the best genotypes in this
generation. So, these materials could successfully be used in the rice
breeding program.

The highest estimates of expected genetic advance were observed
for days to complete heading (23.25%), panicle length (21.45%), milling %
(20.47%) and gelatinization temperature (20.38%). While the low estimates
(11.31%) was detected for head rice %, indicating that additive genetic
variance played an important role in the inheritance of these traits. Moreover,
low to moderate estimates of heritability in narrow sense, accompanied with
low to moderate expected genetic advance were recorded for most of the
studied traits, lead to conclude that effectiveness of selection of most studied
traits might be practiced in the advanced generations. These results ware in
harmony with those of EI-Abd (2003), Hammoud et al. (2006) Abd El-Lattef
and Badr (2007) and Abdel-latef et al., (2011).

f. Estimates of genetic variance, heritability and expected genetic
advance:

It is clear from Table (12) that Heritability in broad sense estimates
(h2b.) was larger than their corresponding ones of narrow sense heritability
(h2n.) for all studied characters. High broad sense heritability (93.24%, 92.45
% and 91.24 %) was estimated for number of panicles / plant, panicle length
and hulling % respectively. It was found to be moderate (74.63%) for amyls
content % to high (91.11%) for days to complete heading. High narrow sense
heritability was recorded for hulling % (52.34%). While it was ranged from low
to moderate, in other remaining grain yield and gain quality traits. The
variation among the heritabilities in both broad and narrow sense values
might be due to either gene expression of the trait. The results also revealed
that the magnitude of heritability in narrow sense was lower than its
corresponding for all studied characters, suggesting the increase contribution
of additive gene effect. Additive gene affects increased in the subsequent
generation, which help the breeders to select the best genotypes in this
generation. So, these materials could successfully be used in the rice
breeding program.

The highest estimates of expected genetic advance were observed
for days to complete heading (23.25%), panicle length (21.45%), milling %
(20.47%) and gelatinization temperature (20.38%). While the low estimates
(11.31%) was detected for head rice %, indicating that additive genetic
variance played an important role in the inheritance of these traits. Moreover,
low to moderate estimates of heritability in narrow sense, accompanied with
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low to moderate expected genetic advance were recorded for most of the
studied traits, lead to conclude that effectiveness of selection of most studied
traits might be practiced in the advanced generations. These results ware in
harmony with those of El-Abd (2003), Hammoud et al. (2006) Abd El-Lattef
and Badr (2007) and Abdel-latef et al., (2011).

g.Estimates of phenotypic correlation coefficient:

Phenotypic correlation coefficients among all possible pars of the
studied traits are presented in (Tablel3). Highly significant and positive
estimates of phenotypic correlation coefficient were found among grain yield
and each of hulling, milling, head rice, grain elongation , gel consistence and
gelatinization temperature, while, it was highly significantly and positive
associated between 100 grain weight with hulling %, head rice %, gel
consistence% and gelatinization temperature. Also number of field grains /
panicles was highly significant and positive with hulling milling and head rice
%. On the contrary sterility % was negatively correlated with hulling %, milling
% and head rice %. However, insignificant either positive or negative
estimates of phenotypic correlation coefficient were recorded among other
remaining traits. These results were in agreement with those of Abd- Allah
(2000), Abd El-Lattef et al. (2006) EI-Abd et al. (2007) and Abdel-latef et al.,
(2011).

Table (11): Estimates of heterosis as a deviation from better parent of

the fifteen rice crosses for some, grain quality characters.
Gel

Gelatin

Grain . - Grain | consisten | 2= Amylose
Genotypes Shape Hu(l)lmg M|LI|ng Heado Elong.| ©SYYYY 1zation |0 nyent
0 % % Rice % | Tempe o
% % %
Gel rature
Consistence
GZ1368 X Sakha 102 | 1.11 1,21 | 136 | -151 | -2,24* | -224* | 925 | 4226

GZ1368 X Sakha 103 | 1.03 -2,43* 1.10 -3,03** | -4,30** -4,30** 14,81* | 11,11**
GZ1368 X Sakha 106 | 1.21 1,21 1,36 16,17** | -3,15** -3,15** 18,51* | 31,95**
GZ1368 X Giza 176 | -4,16** -1,21 -2,73** -1,51 -3,19** -3,19** 12,96** | 15,78**
GZ1368 X Giza 177 | -4,16** | -8,53** 1.01 -2,94** | -8,04** -8,04** 12,96** | 36,11**

Sakha 102 X Sakha 103 1.32 111 -1,40 -1,56 -2,15* -2,15* 1,61 -11,11%
Sakha 102 X Sakha 106 | 3,84** 1,23 1,38 1,47 -1,05 -1,05 3,22** 5,56**
Sakha 102 X Giza 176 | -8,33** 1.10 -1,38 -1,53 -1,06 -1,06 -1,61 11,11
Sakha 102 X Giza 177 | -8,33** | -5.11* | -4,10** | -4,47** -1,12 -1,12 -3,22** 11,11*
Sakha 103 X Sakha 106 | -3,84** -1,23 1.02 -4,41** -1,05 -1,05 3,07** 1.02
Sakha 103 X Giza 176 | -4,34** 1.02 -1,38 1.01 -1,06 -1,06 1,61 5,55**
Sakha 103 X Giza 177 | -4,34** | -5,06** -1,36 -1,49 [-11,82*| -11,82** 1,63 5,55**
Sakha 106 X Giza 176 3,84** 1,23 1,38 1,47 -1,05 -1,05 3,22** 1.01
Sakha 106 X Giza 177 | -3,84** -1,23 -2,73** 1.02 -5,26** -5,26** 3,27** 5,26**
Giza 176 X Gizal177| 1.01 -5.12** -1,36 -1,44 -2,12 -2,12 1.01 5,26%*

*and ** significant at 0.05 and 0.01 probability levels, respectively.
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Table (12): Estimates of broad (h’b) and narrow (h°n) sense heritability’
% and expected genetic advance (GS %) for grain yield and
grain quality characters.

Characters h*b h°n GS%
Days to complete heading (days) 95.11 33.64 23.25
Plant height (cm) 86.14 35.34 20.63

Panicle length (cm) 92.45 42.36 21.45
No. of panicles /plant 93.24 44.24 19.74
No. of filled grains /panicle 89.71 34.29 11.63
Sterility % 88.47 39.27 15.84
100-grain weight(g) 83.26 39.78 20.63
Grain yield/plant 77.41 41.23 18.63
Grain Shape% 88.75 39.26 19.35

Hulling % 91.24 52.34 18.72
Milling % 84.36 32.36 20.47
Head Rice % 79.32 30.25 11.31
Grain Elongation % 83.62 39.72 19.28
Gel Consistence 89.72 29.74 17.63
Gelatinization Temperature 81.73 35.63 20.38
Amyls content % 74.63 29.74 13.62

Table (13):Estimates of phenotypic correlation coefficients among
between grains yield and grain quality characters.

Gel
Grain Consistence | Gelatiniza
' - Head Rice ) Gel tion Amyls
0, 0,
Characters Hulling % | Milling % % Elong/]atlon Consistence | Temperat | content %
0 Gel ure
Consistence
Plant height (cm)| 0.25 0.10 0.30 0.27 0.11 0.14 0.28
Panicle length (cm) 0.21 0.22 0.21 0.11 0.21 0.16 0.23
No. of panicles /plant 0.29 0.21 0.11 0.19 0.26 0.24 0.26
;\‘p‘;n‘i’cflg"ed grains 0.42% | 0.40% -0.52% 0.28 0.28 0.21 0.21
Sterility % 0.40** -0.32* -0.49** 0.19 0.24 0.29 0.13
100-grain weight(g) 0.39** 0.29 0.41** 0.20 0.45** 0.38** 0.19
Grain yield/plant -0.36** -0.42** -0.83** 0.38** 0.39** 0.40** 0.29

From the obtained results we can recommend using GZ 1368, Sakha
106, Sakha 102 and Sakha 103 in hybrid programs where those parents
showed superiority, respectively to the other parents of traits under the study,
and we can use the resulted hybrids of this study in breeding programs.

1960



J. Plant Production, Mansoura Univ., Vol. 5(11), November, 2014

REFRENCES

Abd El-Lattef, A.S.M. (2004). Studies on behavior of some characters related
to drought tolerance in rice breeding. Ph.D. Thesis, Fac. of Agric.,
Tanta Univ., Egypt.

Abd El-Lattef, A. S. M., Aml E. A. El-Saidy, W. H. M. El-Kallawy and A. A.
Mahdy (2011). Evaluation of Some Rice (Oryza sativa L.) genotypes
under water stress conditions. J. plant production, Mansura, Univ., 2(2):
307-326.

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

Bagheri, A.H., G.A. Nematzadeh., S.A. Peighambari and M. Noroozi (2005).
A study of combining ability and gene effect in rice cultivars through
line/tester analysis. Iranian J. of Agric. Sci., 36(4):947-953.

Cagampang, B.G.; C.M. Perez and B.O. Juliano. (1973). A gel consistency
test for eating quality rice. J. Sci. Fd. Agric. 24: 1589-1594.

Dhakar, J.M. and V. Vinit. (2006). Combining ability analysis in rice (Oryza
sativa). Crop Research Hisar, 31(3):378-379.

El-Abd, A.B. (2003). Genetic variability, heritability and association between
yield attributes and grain quality traits in rice (Oryza sativa L.). Egypt. J.
Plant Breeding, special Issu, 1: 7-22.

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.

El-Hissewy, A.A. and A.A.El-Kady (1992). Combining ability for some
guantitative characters in rice (Oryza stiva L.). Proc.5"™ Conf. Agron.,
Zagazig Univ. 13-15 sept., Egypt., (1): 194-200.

Faiz, F. A., Sabar, M., Awan, T. H., Tjaz, M. & Manzoor, Z. (2006). Heterosis
and combining ability analysis in basmati rice hybrids. J. Anim. PI. Sci.,
16 (1 - 2).

Griffings, G. B. (1956). Concept of general and specific combining ability in
relation to diallel crossing system. Aust. J. Biol. Sci., 9:463-493.

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

Hayman, B.l. 1954. The theory and analysis of diallel crosses. Genetics,
39:789-809.

Jin, W.G., W. Zhang and D.L. Hong. (2005). Heterosis and combining ability
in late-maturing japonica rice (Oryza sativa L.) hybrids in Southern
Jiangsu region. Acta Agronomica Sinica, 31(11):1478-1484.

Little, R.R.; G.B. Hilder and E. H. Dowson. (1958). Differential effect of dilute
alkali on 25 varieties of milled white rice. Cereal Chem. 35: 111-126.

Mather, K. and J.L. Jinks. (1971). Biometrical Genetics. (2Eds). Chapman
and Hall, London, pp. 382.

1961



Abd El-Lattef A.S. et al.

Mather, K. and J.L. Jinks. 1982. Biometrical Genetics. (3Eds). Chapman and
Hall, London.

Mujataba, S. M.; A. Muhammad; M. Y. Ashraf; B. Khanzada; S. M. Farhan;
M. U. Shirazi; M.A. Khana; A. Shereen and S. Mumtaz (2007).
Physiological responses of wheat genotypes under water stress
conditions at seedling stage. Pakistan J. Bot., 39(7): 2575-2579.

Pradhan, S. K., Boss, L. K., & Meher, J. (2006). Studies on gene action and
combining ability analysis in Basmati rice. Journal of Centeral
European Agriculture, Vol. 7 (2): 267-272.

Rahimil. M., B. Rabieil, H. Samizadehl, and A. Kafi Ghasemil (2010).
Combining Ability and Heterosis in Rice (Oryza sativa L.) Cultivars. J.
Agr. Sci. Tech. (2010) Vol. 12: 223-231.

Radish, M., Cheema, A. A. and Ashraf, M. (2007). Line x tester analysis in
basmati rice. Pak. J. Bot., 39 (6): 2035-2042.

Rosamma, C.A. and N.K. Vijayakumar (2005). Heterosis and combining
ability in rice (Oryza sativa L.) hybrids developed for Kerala state.
Indian J. of Genetics and Plant Breed, 65(2):119-120.

RRTC (2002). The final report of the national campaign of rice in Egypt in
2002 season.

Saleem, M. Y., Mirza, J. I. and Haq, M. A. (2008). Heritability, genetic
advance and Heterosis. 2002. In Line x Tester crosses of basmati rice.
J. Agric. Res., 46 (1): 15-27.

Satish, Y. and K.V. Seetharamaiah (2005). Combining ability analysis for
yield and its component characters in rice (Oryza sativa L.). Annals of
Biology, 21(2):149-153.

Shanthala, J., J. Latha and H. Shailaja. (2006). Heterosis of rice (Oryza
sativa L.) hybrids for growth and yield components. Research on
Crops, 7(1):143-146.

Sharma, P.R., P. Khoyumthem., N.B. Singh and K.N. Singh (2005).
Combining ability studies for grain yield and its component characters
in rice (Oryza sativa L.). Indian J. of Genetics and Plant Breed.
65(4):290-292.

Shehata, S.M (2004). Lines x testers analysis of combining ability under
salinity and drought conditions in rice (Oryza sativa). Egypt. J. of Agric.
Res, 82(1):119-138.

Singh, R.K. and B.D. Chaudhary (1979). Biometrical methods in quantitative
genetic analysis. (Revised Eds). Kalyani publishers, Ludhiana, New
Delhi, pp.102-118.

Sinha, P.K., N.P. Mandal., C. Prasad and K. Prasad (2006). Genetic analysis
for grain yield and its components in upland rice. Oryza, 43(1):5-9.
Steel, R.G.D. and J.H. Torrie (1980). Principles and procedures of statistics.

(2Eds). McGraw Hill Inc. New York.

Williams, V.R.; W.T. Wu; H.y. Tsai and H.G. Bates. (1958). Varietal
differences in amylase content of rice starch. J. Agr. Food Chem., 6:
47-48.

1962



J. Plant Production, Mansoura Univ., Vol. 5(11), November, 2014

Wynne, J.C., D.A. Emery and P.W. Rice (1970). Combining ability estimates
in (Arachis hypogea L.). lI-Field performance of F; hybrids. Crop. Sci.,
10(15): 713-715.

Yu, S., X.Y. Zou, H.H. He, J.R. Fu, H.B. Li, L. Xu and X.Y. Xin (2004).
Analysis on combining ability of yield characters and related characters
in three-line indica hybrid rice. Acta Agriculturae Universitatis
Jiangxiensis, 26(5):719-725.

Zhen, Z., L. Zhao., S.Y. Zong., Y.D. Zhang and C.L.Wang (2004). Analysis of
combining ability of main agronomic characters in two-line hybrid rice
(Oryza sativa L. sub sp. indica). Jiangsu J. of Agric. Sci, 20(4):207-212.
(C.F. Computer Search).

2 gall Baga cliag Aligag Jganally s ALAY JLE ) o) & plud)
SN

9 0llae agatiae ads () a4 s gty (Niialla e #Ma i il
() tana alaliae

raa doe) 3 Egad) 38 e Adial) Jualaall Gigay dgra B ¢ Y Gigan add (V)
Y- c&hﬂ\ JAS 3.1.4\4 ca&b}“ @S ‘U'gb}‘ il ‘aué (Y)

raa ol S daaly de) 3 A (Jualaal) aud (1)

Jmanal oL Jrcadly 205 5lae cpagl) 558 calldll e 5 a8l paal A jn g el
ApnSall Gagl) G52 llh s Adline A1 )5 a1 A AL gl ol pladinly o sanl)
Jmdl lid) Gy dag YO ¥ 5 Y)Y age DA @l g Wiy de ) 3l & gaddl ddanag
A el (8 el A ) 5l S| )

SV Lo Jeaniall bl aal cuilS

Cliia aliee & allil) o dalall g dalal) 3508l e S Ale 4 gine @llia cailS
G ylgh B Carcaall jie g Canaall Jadl) dsaal e Jay Las 8252l Cilia § 436 Sa g J goanall
O ()l e alall 3 a8l (s (e JS G Al o ) G LS ciliiall o3a
o aSaill b cpall o) Jadl) dpaal )5 i aal gl (e e f allid) e dualal) 5,08
o saall A5l Aa o g Aalied) G gal) dae g AIAl Jsha Ciliia lae Lo Al jall cans claall S
Sl cla cleall el ol @bl e uSai) Lae cpall galand) Jadlls & il s
Callill e dale 5508 LY Jumdl Y0¥ Laig VoY Ly Vo Wig VYA 0 s Al )
2 e o Au Calas LS LY 02 (e Al (pagdl SAS 5 Al Hall caat Ciliiall alieal
WX VoY Bt VY aiax VoY lugIVTsax Yo TWug WYY ipax YFIA
alldll e dalasynd ef YV siua X YV 55 VoY au X IFTA 3 aag ) o
o A dae (B (% VYAA = Y VA) G cpagd) B8 Gl i Gl gadl J peasal
) WY x VeV LB Wisiax YWIAL) as YT lhuyx VoY A
X VoY Bt Ve X IFTA ) as YWT e X Ve T liug YWY 53ua x VTIA
Bagall g Jaanall cilaal V01 W

B s VYTA 25 (o plasials a5l (S Ledle Juanill o3 A gl e sl
fL¥) AL e U868 L) el & pelal o aangil el o (8 ) 0¥ g VoY i ) 01
b Al all s Al el e ALY ey Gl g o sl e Al jall caas laall
A ) )

1963



