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ABSTRACT

Eight rice genotypes (five commercial varieties as lines and three exotic varieties
as testers with differentt in yield, yield component and grain quality traits were provided
from the genetic stock of the Rice Research and Training Center. These genotypes were
planted during 2019 growing season. At heading the crosses among lines and testers
were done. All the five lines, three testers and their fifteen crosses were grown during
2020. The experiment was carried out using arandomized completely block design with
three replications. The data were recorded on plant height, number of panicles/hill,
panicle weight, number of filled grains/panicle, sterility%, 1000-grain weight, grain
yield/plant and quality characters. Heterosis was estimated and t-test was performed.
Combining ability analysis was performed using line x tester method. The results showed
significant variation for all characters among the lines and testers. The mean squares
showed highly significant differences among parents and their crosses for studied traits.
The tester Millyang 97 was good general combiner for yield, while Hexi 12 was good
general combiner for head rice and amylose content%. The crosses Giza 179x Milyang
97, Sakha 104x Hexi 12 and E. Yasmine x Hexi 12 were observed as good specific
combiners for yield/plant. The cross Giza 179x Milyang 97was good specific combiner
for panicle weight, 1000-grains weight and grain yield but the crosses Giza 178 x Tongil
and Giza 181x Milyang 97 were good specific combiners for head rice%, lines played
important role towards panicle weight, number of filled grains/panicle, sterility%, grain
yield, grain length, grain shape, hulling%, milling rice% and head rice% indicating
predominant maternal influence for these traits. Line x tester interaction contributed to
combinations of variances for number of panicles/plant and1000-grains weight. The
genetic components of that characters exhibited a non additive variance. Significant and
desirable heterosis was observed in twelve crosses over better parent but the maximum
value was shown by Giza 178x Milyang 97 followed by Gizal78x Hexi 12 .All crosses
recorded significant and positive for mid parent heterosis for grain yield per plant. But
only Giza 181x Milyang 97 cross recorded high heterobeltiosis (6.46%) and relative
heterosis (4.82%) for head rice recovery.
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INTRODUCTION

Rice is the most important food crop in the world, it’s suitable food
for all ages and also suitable for poor peoples (FAO, 2016). So, the demand
for rice increases year after year due to the population increase. However,
more than two billions of people in the globe depend on rice as a good
source of proteins and calories (Ye et al 2000, Seck et al 2012; Futakuchi et
al 2013 and Xu et al 2020).

In past few vyears, rice breeding programs focused mainly on
improving yield and yield component characters through conventional
breeding and biotechnology methods. But they found some obstacles in the
production of rice such as attack of insects and diseases, shortage of water in

addition to the challenging environments, which resulted in declining grain



quality. This constrains will affect on grain quality and marketing of rice
varieties (Adjah et al 2020).

Breeders of rice have focused on improving the quality of rice for
various objectives and markets (Chen et al 2012). Anyway, the basic traits
have been used to determine the quality of rice: milling characteristics and
cooking quality (Yu et al 2008). Milling characteristics, included brown rice
ratio, milled rice ratio and head rice ratio (Wang et al 2017). Meanwhile, the
broken grains decreased the rice price by 50 percent (Oyedele and Adeoti,
2013). Also the consumer preference and market requirements so
improvement of grain quality is an important target besides boosting yields
(Sahu et al 2017). Therefore, the breeding of rice varieties that includes
milling and quality becomes a major goal of rice breeders in worldwide
(Wang et al 2017). In any case, breeding to improve the grain quality traits
is depending on the good genetic component, which will be used to transfer
grain quality traits to the new offspring through crosses or hybridization
method (Zewdu 2020).

The knowledge of genetic parameters such as combining ability and
heterosis gives conclusion about gene action, signals the suitable selection
strategy to be used in the breeding program and the desirable parents to be
identified (Sharma 2006 and Torres and Gealdi 2007). Combining ability
analysis is a powerful tool to estimate the desirable parents and crosses for
exploitation of heterosis. Estimates of the influence of an additive and non-
additive genes action through this technique may be important in evaluation
of the potential for commercial exploitation of heterosis (Ariful et al 2015).
Information of available genetic materials will assist breeders to recognize
suitable genotypes for crossing (Adjah et al 2020). The development of
genotypes with high yield and proportion of milled grains will boost the
market for local production.

Consequently, the main objective of this research was to study
general combining ability, specific combining ability and heritability which
can be used to investigate the genetic control of yield and grain quality of
rice in crosses for selection of suitable parents.
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MATERIALS AND METHODS

This study was conducted at the Rice Research and Training Center
(RRTC), Sakha, Kafr EI-Sheikh, Egypt, during the years 2019 and 2020.
The plant materials used were eight genotypes of rice including five
commercial varieties namely; Giza 178, Giza 179, Giza 181, Sakha 104 and
Egyptian Yasmine were used as "Lines", while the genotypes Hexi 12,
Milyang 97 and Tongil were used as "Testers"(Table 1).A hot water method
for emasculation was used for the hybridization (Jodon, 1938 and Butany,
1961). In the 2020 season, F1 seeds and their parents were grown in plots.
Each plot contained three rows and each row contained 25 plants, grown at a
spacing of 20 x 20 cm using a randomized complete block design (RCBD)
with three replications. All the cultural practices and fertilizer were followed
according to recommended of RRTC.

Table 1. Origin and parentage of the eight genotypes used as parents

under study.
Group No Genotype Parentage Origin

1 Giza 178 Giza 175/Millyang 49 Egypt

2 Giza 179 GZ6296-12-1-2-1-1/GZ1368-S-5- | Egypt
(Lines) 3 Giza 181 IR1626-203/1R28//IR22 Egypt

4 Sakha 104 GZ 4096/GZ 4100 Egypt

5 Egyptian IR262-43-8-11 /| KDML105 Egypt

1 Hexi 12 Not available China
(Tester) 2 Milyang 97 Not available Korea

3 Tongil IR-8/ (YukaraxTN-1)*? Korea

The studied traits were measured at harvest stage on ten random
plants from each genotype harvested individually. These traits were divided
into two groups, the first one included six vyield traits viz, number of
panicles/hill, panicle weight (g), number of filled grains/panicle, sterility%,
1000-grain weight (g) and grain yield/plant (g). While, the second group
included physical and milling characters: grain length and shape were
measured for paddy rice grain according to Khush et al (1979). On the other
hand, hulling%, milling% and head rice% were determined according to
Adair (1952) by using Satake testing machines. Amylose content was
estimated for milled rice samples following Juliano (1971).
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Statistical analysis: Data recorded were analyzed consistent with
analysis of variance (ANOVA) technique as outlined by Steel et al (1997).
Heterosis was estimated from mean values consistent with Fehr (1987) and
t-test was performed. Combining ability analysis was done using line X
tester method according to Kempthorne (1957).

The estimates of heterosis: Heterosis over the mid-parent = [(F1 —
MP)/MP x 100] and S.E. (F1 — MP) = (3MS/2r) 1/2, Heterosis over the
better-parent = [(F1 — BP)/BP x 100] and S.E. (F1 — BP) = (2MS/r) 1/2.

RESULTS AND DISCUSSION

Analysis of variance: ANOVA (Table 2) was performed to test the

differences amongst parents and hybrids for all studied traits.

Table 2. Mean squares for yield and yield components used in the

study.
Ms
No, Panicle No. . Grain
SOV df\ panicles | weight | filled | Sterility%% ™| vield g/
plant (9) grains/panicle plant
Rep 2 1.52 0.10 3.08 0.16 1.08 4.82

Genotype 22| 52.86** 1.49%* 1684.47** | 226.84** | 201.88** | 191.11**
Parents (P) 7 42.74%* 0.66** 670.05** 81.15%* | 420.15%* | 64.77**
Crosses (c) 14| 59.93** 1.68** | 2023.95** | 17353** | 31.98** | 158.64**

PxC 1 24.71%* 4.78%* | 4032.54** | 1978.53** |1052.72** | 1530.11**
Group I (lines) | 4 75.47** 4.65*%* 6119.22** | 477.68** | 17.07** | 407.11**
Group |1 (tester)| 2 17.95** 0.18%* 819.20** 162.63** | 82.07** | 152.09**
Line x tester | 8 62.66** 057* 277.51** 24.18%* | 26.91*%* | 36.04**
Error 44 2.36 0.04 5.10 1.92 0.87 3.05
Ms
Genotype | df | ©Gran Grain . Milling | Head | Amylose
length shape_ Hulling% rice% rice%o content%
(mm) Length/width
Rep 2 2.12 0.03 154 0.11 1.09 0.41
Genotype 22 | 4.09** 1.06 ** 57.20 ** 30.50%* 28.35%* | 14.99**
Parents (P) 7 1.58 1.06** 29.82 ** 7.51%* 42.70** | 17.96**
Crosses (c) 14| 5.64*%* 1.10%* 71.42 ** 39.58** 17.19** | 14.13**
PxC 1 0.02 0.64** 49.72 ** 64.48%* 84.21%* 6.23**
Group I (lines) | 4 11.95* 2.50%* 155.34%* 52.69** | 50.13** | 18.64**
Group |1 (tester)| 2 4.26* 1.73%* 121.97 ** 83.74** 8.51*%* 32.53**
Line x tester | 8 2.82* 0.24** 16.83 * 21.98** 2.89** 7.27%*
Error 44 1.01 0.06 6.49 0.23 0.67 0.25

*and **Significant at 0.05 and 0.01 levels of probability, respectively
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Data showed that mean squares to genotypes were significant for all
studied characteristics. The mean squares to genotypes were divided into
parents, crosses and parents vs. crosses. The differences among parents were
highly significant for all traits, indicating the presence of wide genetic
variability among parents for almost all traits. The mean squares due to
crosses for all traits were found to be significant at 0.01 levels. Parents vs.
crosses mean squares further revealed highly significant differences in all
crosses. Also, male testers exhibited highly significant differences for all
traits. High significant mean squares of lines X testers for all traits showed
that they interacted and produced markedly different combining ability
effects, and this might be to the wide genetic variety of lines and testers.
Also, mean squares due to lines vs testers were significant for all traits,
which indicated that female and male parents differed significantly for these
traits. Istipliler et al (2015).

Mean performance for the studied traits: Mean performance of
parents, lines and their hybrids for studied traits are presented in Table (3).
The results showed wide range for all characters for the eight parents under
study. This showed that a high genetic variety among the cultivars under
study. Variation provides evidence that selection is made possible for
improvement and hybridization (Abebe et al 2017).For grain yield
characters, data in (Table 3) pointed that the highest number of
panicles/plant was found by Giza 179 (line) followed by Milyang 9V (tester).

Moreover, the superior panicle weight (3.93g) was obtained for E.
Yasmine (line) then Tongil gave (3.80 g). In addition, Giza 179 recorded the
highest number of filled grains/panicle (169.16) followed by Tongil
(164.00). The lowest sterility% was found in Tongil and Milyang 97 rice
genotypes comparing with the other parents under study. Sakha 104 variety
gave the heaviest 1000-grain weight (27.43). While, Giza 178 had the
lowest mean values of 1000- grain weight (21.6g). Giza 179 surpassed the
other rice cultivars under study in grain yield/plant followed by Millyang
97. So, rice breeders should use Giza 179 as donor entry to improve Hexi 12
for new rice variety in their breeding program.
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Table 3. Means performance of the eight rice genotypes and their
crosses for all the traits.

Traits
Group | Genotypes parl::gies/ Wz%ngflé ) Nglr;:_:wlsd Sterility% 1\2’2%%:%55 ();/irjldn
plant Ipanicle g/plant
Gizal78 | 23.26 2.76 124.40 10.41 216 42.10
Gizal79 | 26.00 2.90 169.16 7.03 24.2 44.26
cilri‘;ig)' Giza18l | 22.34 3.10 145.30 19.08 26.37 41.96
Sakha 104 | 23.20 3.78 134.34 10.56 27.43 39.71
E. Yasmine | 19.35 3.93 152.16 16.61 26.00 31.69
Hexi 12 17.26 3.15 158.5 9.41 25.00 34.30
Gtrgs‘isr” Milyang 97 | 23.90 3.70 150.83 5.8 2667 4235
Tongil 14.80 3.80 164.00 3.87 23.367 34.70
Crosses
Giza 178x Hexi 12 31.67 4.42 129.33 26.21 28.06 57.83
Giza 178x Milyang 97 |  29.13 35 129.33 23.52 20.06 58.53
Giza 178x Tongil 19.88 4.26 106.20 20.11 24.00 55.3
Giza 179x Hexi 12 23.47 2.47 168.00 20.1 18.56 45.16
Giza 179x Milyang 97 |  20.03 3.31 178.66 15.7 24.40 57.13
Giza 179x Tongil 25.07 223 175.33 12.64 29.80 46.86
Giza 181x Hexi 12 22.80 3.91 118.00 20.9 24.00 47.52
Giza 181x Milyang 97 |  25.86 421 148.50 27.86 23.70 55.3
Giza 181x Tongil 18.93 4.40 141.11 19.01 27.56 478
Sakha 104x Hexi 12 | 2091 3.82 93.57 15.43 26.39 52.19
Sakha 104x Milyang 97| ~ 20.20 4.63 108.02 13.93 25.06 49.19
Sakha 104x Tongil | 1558 4.48 107.74 11.94 29.91 43.18
E. Yasmine x Hexi 12 18.28 4.43 121.93 37.98 23.05 41.65
E. Yasm'“§7x Milyang | 1599 4.48 140.76 33.13 21.88 39.27
E .Yasmine x Tongil | 27.06 4.38 140.39 25.21 26.11 34.46
LSD 0.05 2.734 0.171 2.33 0.95 0.081 3.95
LSD 0.01 3.688 0.230 3.14 1.28 0.109 5.33
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Table 3. Cont.

Traits
Grou Genotypes Grain Ghrain Milli Head Amyl
shape . illin ea mylose
i P length LengF')ch/ Hulling% rice%g rice%o contgnt%
(mm) -
width
Giza 178 7.35 2.00 82.33 71.1 66.71 18.20
Giza 179 7.60 2.19 84.56 72.65 56.70 17.03
G(Iricr’]‘gg' Giza 181 8.47 3.17 78.86 69.67 63,30 18.01
Sakha 104 7.64 2.3 80.16 71.33 62.65 18.57
E. Yasmine 9.19 3.54 74.36 67.33 61.54 17.90
Hexi 12 7.25 2.11 82.4 7343 69.5 14.96
Group Il Milyang 97 7.50 1.90 83.00 70.01 65.50 22.90
tester Tongil 7.53 2.26 81.00 72.10 64.30 19.34
LSD 0.05 0.198 0.185 1.60 0.338 0.621 0.310
LSD 0.01 0.267 0.250 2.61 0.456 0.838 0.418
Crosses

Giza 178x Hexi 12 7.06 1.56 78.20 71.42 69.66 15.65
Giza 178x Milyang 97 5.78 1.52 79.10 70.23 68.20 14.79
Giza 178x Tongil 7.70 2.55 74.03 72.46 69.50 18.00
Giza 179x Hexi 12 1.74 2.15 75.00 64.44 63.10 14.20
Giza 179x Milyang 97 7.58 2.21 83.07 75.00 62.50 17.78
Giza 179x Tongil 7.80 2.78 83.30 76.00 61.70 16.70
Giza 181x Hexi 12 7.54 1.67 81.50 75.6 67.01 16.00
Giza 181x Milyang 97 7.12 2.08 84.70 74.96 68.13 19.36
Giza 181x Tongil 8.16 1.68 83.30 76.42 64.02 17.02
Sakha 104x Hexi 12 7.29 1.76 76.849 70.77 67.10 16.83
Sakha 104x Milyang 97 6.45 1.81 82.49 73.40 66.97 19.18
Sakha 104x Tongil 8.52 2.40 78.77 75.99 65.70 23.07
E. Yasmine x Hexi 12 9.26 2.72 71.288 66.80 65.92 16.23
E. Yasmine x Milyang 9.48 2.87 76.52 69.29 65.78 18.47
E .Yasmine x Tongil 10.28 3.66 73.072 71.74 64.54 18.25
LSD 0.05 0.198 0.185 1.60 0.338 0.621 0.310
LSD 0.01 0.267 0.250 2.61 0.456 0.838 0.418

For grain quality characters, results in Table (3) showed that E.
Yasmine and Giza 181 recorded the maximum grain length (9.19 and
8.47mm respectively) and grain shape (3.54 and 3.17, respectively), which
indicated that varieties belonged to Indica type. These results were
agreement with Sharma (2002).
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Concerning amylose content, all cultivars under study revealed low
amylose content that ranged from 14.96 to 19.34%, except Milyang 97
variety which was intermediate (22.90). However, low amylose and very
low are good sources to use as donor to produce new rice variety of high
grain quality characters in breeding program. While, number of panicles per
plant of the F1 mean values ranged between 15.58 for cross (Sakha 104x
Tongil) to 31.67 for cross (Giza 178x Hexi 12). For panicle weight, the
fifteen rice crosses ranged from 2.23 for the cross (Giza 179 x Tongil) to
4.63 for (Sakha 104 xMilling 97).0n the other hand, the highest number of
filled grains was found by cross (Giza 179xMilling 97), which gave 178.66
grain per panicle. As for sterility percentage, the cross (Sakha 104x Tongil)
was found to be the lowest sterility%. For 1000 -grain weight, the crosses
(Sakha 104x Tongil), (Giza 179x Tongil) and (Giza 178x Hexi 12) were
higher than the highest parents showed that over-dominance acted an
essential role in the inheritance of this trait in tease crosses. On the other
hand, the cross (Giza 178x Milyang 9V), (Giza 178x Hexil2) then (Giza 179
X Milyang 97) gave the highest grain yield/plant (58.53, 57.83and
57.13¢g/plant, respectively).

Concerning grain shape, all crosses were round and medium in grain
shape except( E. Yasmine x Tongil) cross was slender. For head percentage,
the cross (Giza 178 x Hexi 12) had the highest value. As for amylose
content, all crosses gave the lowest value of amylose content, except the
cross (Sakha 104 x Tongil), which gave 23.07.

General combining ability (GCA)

Estimates of GCA effects of parents are presented in Table (4). Two
varieties (Giza 178 and Hexi 12) had significant and positive and scored the
best GAA effects (4.37 and 0.91) for number of panicles/plant. These
varieties were good donors for this trait. For panicle weight, E. Yasmine,
Sakha 104, Giza 181and Giza 178 had highly significant and positive GCA
effects for this trait, it means that these parents were good combiners and
could be used in breeding program to improve this trait. Additionally for
number of filled grains per panicle, a positive and significant GCA effects
were found with the varieties Giza 179, Milyang 97 and Giza 181.
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Table 4. General combining abilities (GCA) effects of traits under

study.
Traits
Genotype N_o, Par_licle No. f_illed - 100_0- _Grain
panicles/ weight grains/  (Sterilit%| grains | yield (g)/
plant (9) panicle weight (g)| pant
1| Gizal78 4.37** 0.13* -12.16** | 2.12** | -0.80* 8.46**
2| Gizal79 0.34 -1.26** 40.32** | -546** | -0.58 0.96
3| Gizalsl 0.01 0.24** 2.16** 0.99* 0.25 1.45*
Group 14 1" Sakha 104 | -3.62** | 0.38** | -30.67** | -8.16™* | 2.28** | 057
(lines) | 5 [ E. Yasmine | -1.10* 0.50** 0.36 10.51** | -1.15*%* | -10.30**
S.E (gi) 0.149 0.170 0.211 0.103 0.090 0.159
S.E (gi-gj) 2.38 0.294 3.50 2.27 1.55 2.713
1 Hexi 12 0.91* -0.12* -7.62** 2.66** | -0.82** 0.11
Group | 2 | Milyang 97 0.31 0.10 7.14** 1.03** | -1.82** 3.13**
1 3 Tongil -1.21** 0.02 0.48 -3.68** | 2.64** -3.24**
(testers) S.E (ai) 1.06 0.131 1.57 1.01 0.693 1.214
S.E (gi-gj) 2.38 0.291 2.14 1.317 0.947 1.65
Traits
Grain  |Grain shape -
Genotype length (Length/p Hulling% M.'"'Ong Hea:)d Amylose%o
(mm) width) rice% rice%
1 | Gizal78 -0.62 -0.35** -2.05* -1.20** | 3.00** -1.29**
2 | Gizal79 0.24 0.15 1.38 -0.42* | -3.52** | -1.21**
3 | Gizal81l -1.11** -0.42** 5.78** 3.43** 0.42 0.02
Group II™4 T'sakha 104|  -0.38 -0.24%* 0.32 1.15%* | 0.64* | 2.26**
(lines) "5 vasmine| 1.87* | 0.86** | -542** | 2.06* | -0.54 0.22
S.E (gi) 0.469 0.22 0.23 0.54 0.080 0.046
S.E (gi-gj) 1.559 0.377 3.961 0.935 1.268 0.779
1 Hexi 12 -0.03 -0.25** -2.53** | -2.43** | 0.50* -1.65**
Group 2 Milyang 97 -0.52 -0.13* 3.09** 0.14 0.36 0.48**
T 3 Tongil 0.55* 0.39** -0.56 2.29** | -0.87** 1.17%*
(te&er) S.E (gi) 0.286 0.169 1.77 0.418 0.567 0.349
S.E (gi-gj) 1.46 0.230 2.421 0.571 0.775 0.476

*,** and NS indicate P < 0.05, P< 0.01 and not significant, respectively.

These results indicated that these genotypes are good combiners in
this trait and could be used as donors for breeding program. On the other
hand, significant and negative value was found for sterility percentage with
Sakha 104, Giza 179 and Tongil.This negative value is desirable and these
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genotypes can be used as donors or a good combiners for low sterility. As
for the 1000-weight, two genotypes (Sakha 104 and Tongil) showed
significant and positive .Concerning for grain yield per plant, three
genotypes (Giza 178, Millyang 97 and Giza 181) had significant and
positive GCA effects.The significant desirable values of GCA effect for
grain length was recorded by E. Yasmine. Significant and negative value of
GCA effects for grain shape was observed for Giza 181, Giza 178, Hexi 12
and Sakha 104. For milling characters, a significant and positive value of
GCA effects among the parents was recorded by Giza 181 and Millyang 97
in hulling. While, Giza 181,Tongil and Sakha 104 were the best parents in
milling% and the positive and significant GCA effects were recorded by
Giza 178, Sakha 104 and Hexi 12 in head rice. Thakare et al (2013) reported
both positive and negative significant GCA effects for milling recovery.
Finally, for amylose content depends on consumer Egyptians who prefer the
low amylose content so, that negative and significant (GCA) effects for the
trait was estimated for Giza 178 and Giza 179 (as lines). However, the
highest negative and significant GCA effects were recorded by Hexi 12 (as
testers) for amylose content% only. These parents appeared to be good
parental combiners in rice crosses for improving this trait.

These results clarified that none of the parents showed significant
desirable GCA effects simultaneously in desired direction for all the traits
under study. These results agreed with Waza et al (2015).

Specific combining ability (SCA)

The positive and significant SCA effects are desirable in all
characters under study except sterility percentage, grain length, grain shape
and amylose content. The results in Table (5) showed that the five crosses
(E .Yasmine x Tongil), (Giza 178x Hexi 12), (Giza 179x Tongil), (Giza
181x Milyang 9V) and (Giza 178x Milyang 97) had positive and significant
SCA effects in number of panicles per plant. In panicle weight, the results
revealed that two crosses (Giza 179x Milyang 97) and (Giza 178x Hexi 12)
had positive SCA effects. While, the crosses (Giza 178x Hexi 12) followed
by (E. Yasmine x Tongil), (Giza 181x Milyang 97), (Giza 181x Tongil) and
(Sakha 10 x Tongil) were positive and significant SCA effects for number
of filled grains/panicle.
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Table 5. Estimates of specific combining ability (SCA) effects.

No, Panicle No.filled 1000-grains| Grain yield
Cross panicle/ weight grains/ |Sterilit%| weight weight g/

plant (9) panicle (9) plant
Giza 178x Hexi 12 3.86** 0.48** 15.33** 0.16 4.85** 0.50
Giza 178x Milyang 97 1.93* -0.66** 0.57 -0.90 -2.16** -1.82
Giza 178x Tongil -5.80** 0.18 -15.90** | 0.74 -2.68** 1.32
Giza 179x Hexi 12 -0.29 -0.08 1.51 1.63* -4.87** -4.67**
Giza 179x Milyang 97 -3.13** 0.54** -2.58 -1.48 1.96** 4.28**
Giza 179x Tongil 3.42*%* -0.46** 1.08 -0.15 2.91** 0.38
Giza 181x Hexi 12 -0.64 -0.14 -10.33** | -4.35** -0.27 -2.80**
Giza 181x Milyang 97 3.03** -0.06 5.42** | 3.58** 0.43 1.97
Giza 181x Tongil -2.39* 0.20 4.91** 0.77 -0.16 0.83
Sakha 104x Hexi 12 1.10 -0.37** -1.92 -0.66 0.09 3.89**
Sakha 104x Milyang 97 1.00 0.22 -2.23 -1.20 -0.24 -2.12*
Sakha 104x Tongil -2.10* 0.15 4.15** 1.86* 0.15 -1.77
E. Yasmine x Hexi 12 -4.04** 0.12 -4.59** | 3.22** 0.20 3.08**
E .Yasmine x Milyang 97 |-2.82** -0.04 -1.18 -0.01 0.01 -2.32*
E .Yasmine x Tongil 6.86** -0.07 5.77** | -3.21** -0.21 -0.76
S.E (sif) 1.311 0.222 2.62 1.68 1.16 2.03
S.E (sij-skl) 1.788 0.139 1.66 1.37 0.734 1.284

Grain Grain -

Cross length shape Hulling% ':{:::IEI!L%J ll?cee%i cﬁrr:glnczz

(mm) | Length/width
Giza 178x Hexi 12 -0.09 -0.06 3.19* 2.81** -0.29 1.16**
Giza 178x Milyang 97 -0.88 -0.23 -0.42 | -1.95** | -1.12* -1.84**
Giza 178x Tongil 0.18 0.29* -2.77 | -0.86** | 1.41** 0.68*
Giza 179x Hexi 12 0.11 0.03 -3.24* | -4.94** 0.16 -0.37
Giza 179x Milyang 97 0.06 -0.04 0.14 3.05** -0.30 1.07**
Giza 179x Tongil 0.22 0.01 3.10* 1.90** 0.13 -0.70*
Giza 181x Hexi 12 0.87 0.12 0.53 2.37** 0.12 0.19
Giza 181x Milyang 97 0.94 0.40** -0.89 | -0.84** | 1.39** 1.42**
Giza 181x Tongil -1.81**|  -0.52** 0.36 -1.63** | -1.51** -1.61**
Sakha 104x Hexi 12 -0.11 0.03 -0.33 -0.19 0.01 -1.21**
Sakha 104x Milyang 97 -0.45 -0.05 0.70 -0.13 0.01 -0.99**
Sakha 104x Tongil 0.56 0.02 -0.37 0.32 -0.02 2.20**
E .Yasmine x Hexi 12 -0.11 -0.11 -0.15 -0.04 0.01 0.23
E. Yasmine x Milyang 97 -0.45 -0.08 0.47 -0.13 0.01 0.34
E. Yasmine x Tongil 0.56 0.19 -0.32 0.17 -0.01 -0.57
S.E (sij) 0.351 0.282 0.699 0.699 0.949 0.583
S.E (sij-skl) 0.738 0.178 1.875 0.442 0.600 0.369

* and **Significant at 0.05 and 0.01 levels of probability, respectively.
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On the other hand, the cross combination (Giza 181x Hexi 12)
followed by (E. Yasmine x Tongil) showed a highly significant and negative
SCA effects for sterility percentage. For 1000-grain weight, the crosses
combination (Giza 178 x Hexi 12), (Giza 179 x Tongil) and (Giza 179 x
Milyang 97) had significant and positive SCA effects Table (5). While, the
crosses (Giza 179 x Milyang 97), (Sakha 104 x Hexi 12) and (E. Yasmine X
Hexi 12) gave positive and segnificant SCA effecys for grain yield per plant
trait. Results indicated the preponderance of non-additive gene action in the
inheritance of these traits. The predominance of non-additive gene action
was noted for grain yield was clarified by the variance of SCA was higher
than variance of GCA. This result matches with the findings of various
scientists who declared the predominance of non-additive gene action
(Zeinab et al (2014).

Only the cross combination (Giza 181 x Tongil) showed a
significant and negative SCA effects for grain length and grain shape. The
best crosses were (Giza 178 x Hexi 12) and (Giza 179 x Tongil) for hulling.
However, highly significant and positive estimates of SCA effects were
recorded for three crosses (Giza 178 x Hexi 12, Giza 179 x Milyang 97 and
Giza 181 x Hexi 12) for milling%. Only two crosses gave high significant
positive SCA effects for head rice% namely (Giza 181 x Milyang 97) and
(Giza 178 x Tongil). Only five crosses gave high significant and negative
SCA value for amylose content% (Giza 178 x Milyang 97), (Giza 181 x
Tongil), (Giza 178 x Milyang 97), (Sakha 104 x Milyang 97) and (Giza 179
X Tongil).

The contribution%o of lines, testers and line x tester interaction

The proportional contribution of lines, testers and their interaction
for twelve traits is presented in Table (6). The data indicated that lines
played important role towards panicle weight (79.161%), number of filled
grains/panicle (86. 38%), sterility% (78.64), grain yield (73.322%),grain
length (60.568%),grain shape (65.067%), hulling% (62.142%), milling
rice% (38.042%) head rice% (83.325%) indicating predominant maternal
influence for these traits. Testers were not important for any character. Line
x tester interaction contributed to combinations of variances for number of
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panicles/plant (59.741%), 1000-grain weight (48.086%) much more than
lines and testers, individually.

Table 6. The contribution of lines, testers and line x tester interaction
for hybrid generation (%6).

No. Panicle No. filled Sterilit 1000-grains Grain
Source panicle/ weight grains/ o y weight yield weight
- Yo
plant @ panicle @) (g9/plant)
Group I (L) 35.978 79.161 86.38 78.64 15.250 73.322
Group I (T) 4.279 1.541 5.78 13.38 36.662 13.69
LxT(IxI) 59.741 19.297 7.83 7.96 48.086 12.98
Grain Grain
shape C o Milling Head Amylose
Source length Length/ Hulling% rice% rice % content%
(mm) -
width
Group I (L) 60.568 65.067 62.142 38.042 83.325 37.692
Group I (T) 10.807 22.475 24.395 30.226 7.077 32.894
LxT(IxI) 28.623 12.457 13.462 31.731 9.597 29.413

Accordingly, line x tester interactions supply much extra variation
for the appearing of the traits wing of the traits. It is marked that hybrid
combinations had higher values than their parents with respect to number of
panicles/plant and 1000-grain weight. Marked that hybrid combinations had
higher values than their parents with respect to number of panicles /plant,
and1000-grain weight. These results are in agreement with Istipliler et al
(2015).

Genetic components

Genetic variance components of variances are assessed through the
estimates of GCA and SCA variances. The additive genetic variance is equal
to GCA variance and dominance variance is equal to SCA variance Bano
and Singh (2019). The estimates of GCA variance were lower than SCA
variance for all characters under study (Table 7). Therefore, these characters
exhibited non- additive variance. This result is in close agreement with
(Shorifi and Naghi (2011) and Waza et al 2015).

37



Table 7. Genetic component estimates.

Component No, panicle/| Panicle Nor.afilllqlée/d Sterilit [L000-grains| Grain yield
P plant weight (g) ;g)anicle % weight (g/plant)
o2 GCA (Line) 1.423 0.453 649.07 50.38 -1.093 41.230
6> GCA (Tester)|  -2.980 -0.025 36.11 9.22 3.677 7.736
2
¢ GCA -0.096 0.039 61.74 5.27 0.179 4.334
(Average)
o2 SCA 20.098 0.176 206.25 5.27 8.679 10.997
o?A -0.385 0.157 246.97 21.11 0.716 17.337
oD 80.392 0.707 363.21 29.68 34.71 43.989
Grain length| Grain shape - o, | Milling Head Amylose
Component (mm) Length/width Hulling% rice% rice% content%
o? GCA (Line) 1.014 0.251 15.390 3.413 5.248 1.262
62 GCA (Tester)]  0.096 0.099 7.009 4.117 0.375 1.683
2
o GCA 0.099 0.030 1.930 0.622 0.505 0.242
(average)
o2 SCA 0.605 0.060 3.443 7.250 0.740 2.340
o’A 0.397 0.121 7.720 2.488 2.022 0.969
D 2.421 0.240 13.775 29.00 2.961 9.360

Estimates of heterosis

Heterosis related to mid-parent and better parent for studied traits are
presented in Table (8). Heterosis over mid parent (relative heterosis), over
better parent (heterobeltiosis) was estimated in crosses under study for
fifteen characters to search out the best combination of parents giving a high
degree of useful heterosis and characterization of parents for their prospects
for future use in breeding programs. The degree of heterosis differed from
cross to another and from character to another. Alam et al (2007) in upland
rice observed the varying degree of heterosis for yield and grain quality
traits. For sterility% negative heterosis was desirable but for rest of the
characters positive heterosis was desirable. Gowayed et al (2020).
Maximum and significant heterosis for number of panicles/plant was
registered by (E. Yasmine x Tongil) then (Giza 178x Hexi 12) over better
parent (58.50 and 56.25%) and over mid parent 39.86 and 36.10%),
respectively. Chuwang et al (2019) reported highly significant and positive
heterotic effects with respect to tiller number per plant which is in
accordance with the present results.
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Table 8. Heterosis as deviation from mid-parent(MP) and better

patent(BP).
No, Panicle weight| No. filled Sterility% 1000-grains | Grainsyield
Cross panicle/plant (9) grains/panicle weight weight (g/plant)
MP | BP | MP | BP | MP | BP | MP | BP | MP | BP | MP BP
Giza 178x |56.25*|36.10*|52.12*|44.98* |-8.57** - |167.74*|154.85|20.46*|12.27*|51,59** | 37.70**
Giza 178x |23.53*|21.90*|8.35**|-5.32*%-6.02** - |192.76*|129.06| - - |38.78**|38.19**
Giza178x |4.47**| - |29.75*%|12.11*| - - |190.76*(99.49% | 6.75**|2.71** | 44.20** | 31.67**
Giza 179x |8.52**|-9.71** - - 2.54 | -0.69 |148.43*|117.07| - - |14.98**| 2.03
Giza179x M|  -19.1 - |0.40**| - |11.67*|5.62**|143.03*|123.12|-4.06**|-8.50**| 31.91** | 29.07**
Giza 179x |22.88*|-3.59** - - |5.45%*| 3.84* |125.66*|74.99*|25.30*|23.14*|18.70** | 5.87**
Giza 181x |15.13*| 2.06 |27.19*|26.24*| - - |46.67**|9.50** |-6.55**-8.98**| 24.62** | 13.24**
Giza 181x |11.88*|8.23**|23.92*(13.87*| 0.29 | -1.55 |117.86*(42.51*| - - |31.16**|30.56**
Giza 181x 1.96 - |27.54*|15.79*|-8.61**| - |71.37**|3.09**|10.86™ |4.55**|24.70**|13.90**
Sakha 104x |3.38**|-9.84**11.85%|1.10**| - - |54.53**(46.11*| 0.66 |-3.81**|41.04**|31.43**
Sakha 104x - - |23.86*|22.55*| - - |61.37%*|25.62* |-7.33**-8.63**| 19.90** | 16.15**
Sakha 104x - - |18.37*%(18.06*| - - |60.81**|9.91**|17.77*|9.03**| 16.06** | 8.74**
E.Yasmine x | -0.11 |-5.49**26.94*|12.72*| - - |191.85*|128.60[-9.58**| - |26.23**|21.44**
E.Yasmine x - - |17.61*%|14.10%|-7.52**-7.93**|194.54*(99.42* | - - 6.08** |-7.27**
E.Yasmine x {58.50*(39.86*(13.33*|11.38*| - - |146.13*|51.78*|5.79**| 0.43 | 3.82** | -0.67
LSD0.05 | 219 | 252 | 0270|0311 | 3.21 | 3.71 | 1.97 | 228 | 1.331 | 1.537 | 2.487 | 2.872
LSD0.01 | 292 | 2.27 | 0.360 | 0.416 | 429 | 496 | 2.63 | 3.04 | 1.778 | 2.053 | 3.323 | 3.837
- Grain shape
Grain length (Length/p Hulling% Milling% Head rice Amylose
Crosses (mm) width) content%
MP [ BP | MP [ BP | MP [ BP | MP [ BP | MP | BP | MP BP
Giza 178x - [-8.90%* - - |-5.30**-5.34*| 0.71 | 0.12 |1.57**| -0.48 |-5.61** |-14.01**
Giza 178x - - - - |-4.44*|-4.82*| -0.73 |-1.08*|3.57**|2.25**|-28.03**|-35.41**
Giza 178x [3.43**|2.17**|20.05*|12.78*|-9.39** - 3.16%* |2.79**|6.35**|4.20** | -4.10** | -6.93**
Giza179x [4.22**| 1.84* | 0.31 |-1.41*% - - |-9.26**|-9.66** 0.01 |-9.21**-11.18**|-16.58**
Gizal79x | 0.44 | -0.18 |8.11**|0.92**| -0.93 | -1.85 | 5.86** |5.63**|2.71**|-3.85%*|-10.94**|-22.36**
Giza 179x [16.36*|15.88*|24.87*|22.74*| 0.62 | -1.50 | 8.04** |7.51**|2.24**|-3,59**| -8.17** |-13.65**
Giza 181x - - - - 1.07 | -1.09 | 4.76** |3.56**| 1.13 [-3.60**| -4.76** |-14.16**
Giza 181x - - - - 4.65*% | 2.05 |4.12**|2.69**|6.46**|4.82**| -6.79** |-15.46**
Giza 181x  |1.92**|-3.74** - - | 4.21*| 284 |6.89**[4.69**| 0.79 | 0.01 |-10.37**]-12.00**
Sakha 104x - |-4.60** - - |-5.46**-6.74** -0.79 | -0.79 |1.56**|-3.44** 0.41 |-9.36**
Sakha 104x - - - - 1.12 | -0.61 | 3.15** |2.91**|4.93**|3.03** | -7.49** |-16.23**
Sakha 104x |12.33*|11.53* |5.24**|4.49**| -2.24 | -2.74 | 7.55** |6.55**|3.76** | 2.66**|21.70**|19.30**
E. Yasmine x|11.29*| -1.39 |-3.67** - |-9.05%*% - |-3.65**|-6.35%* 0.62 |-5.14**|-1.21**|-9.34**
E. Yasmine x [12.22*| 0.95 [5.88**| - -2.74 |-7.80*% 0.18 |[-2.40**/3.97**| 1.21 |-9.44**|-19.32**
E. Yasmine x |21.48*|9.48** | 26.20* | 3.52** |-5.92**-9.78**| 4.48** | 2.49**|2.83**| 0.86 |-1.95**|-559**
LSD 0.05 1.43 | 1.651|0.346 | 0.399 | 3.63 | 4.19 | 0.676 | 0.781 | 1.116 | 1.342 | 0.714 | 0.825
LSD0.01 |1.910|2.206 | 0.462 | 0.534 | 4.85 | 5.60 | 0.904 | 1.043 | 1.5653 | 1.793 | 0.954 | 1.102
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The maximum and significant heterosis for panicle weight was
recorded by (Giza 178x Hexi 12) (44.98%) over better and (52.12%) over
mid parent. (Giza 179x Tongil) cross gave positive and significant
heterobeltiosis (5.45%) for number of filled grains / panicle. Prasad et al
(2019) who reported high heterotic effects for the number of grains per
panicle. For the trait of sterility %, no cross recorded negative heterosis. Li
et al (2019) reported that the trait1000- grain weight effects on yield in rice.
In this study, maximum, significant and positive heterotic effect for 1000-
grain weight over better parent was (23.14%) and mid parent was recorded
(25.3%) in Giza 179x Tongil. For grain yield, out of the fifteen crosses
under study, significant and desirable heterosis was observed in twelve
crosses over better parent. The maximum value was recorded by Giza 178 x
Milyang 97 followed by Gizal78 x Hexi 12.All crosses recorded significant
and positive mid parent heterosis for grain yield per plant (Table 8). The
highest mid parent heterosis% was recorded in (Gizal78 x Hexi 12)
followed by (Giza 178 x Tongil).The cross (Giza 178x Hexi 12) exhibited
the highest heterobeltiosis and relative heterosis% for grain yield per plant
and was identified as the best cross. Significant and positive heterosis for
grain yield per plant has been reported by Gowayed et al (2020). Giza 178x
Milyang 97 cross recorded the highest negative heterobeltiosis (-22.96 %)
and highest relative heterosis (-22.16%) for grain length. The data for grain
shape showed that the maximum negative and significant heterotic effects
over better parent was (-47.05%) and mid parent (-38.18%) was exhibited
by the Giza 181 x Tongil cross. The cross Giza 181x Milyang 97 registered
significant and positive heterobeltiosis and relative heterosis for hulling
percentage. The highest heterosis of 7.51% (over better parent) and 8.04%
(over mid parent) were exhibited in (Giza 179 x Tongil) for milling
percentage.

One of the most important criteria for measuring the quality of
milled rice is high head rice production.Gizal81 x Milyang 9V cross
recorded high heterobeltiosis (4.82%) and relative heterosis (6.46%) for
head rice recovery. Parveen and Singh (2019) also reported significant and
positive heterosis for hulling percentage, milling percentage and head rice
recovery in their studies. Sakha 104 x Tongil recorded the highest

40



heterobeltiosis and highest relative heterosis for amylose content. Ultimate
goal of breeding is to obtain the heterotic yield associated with other
heterotic characters. Yield is a complex character, so (Giza 178 x Hexi 12)
for grain yield and (Giza 181x Milyang 9V) cross for head rice may be
considered for further study of combining ability. The exploitation of
heterosis can increase yield (Begum et al 2020).
CONCLUSION

The tester Millyang 97 was a good general combiner for yield, while
Hexi 12 was good general combiner for head rice and amylose content%
under study .The crosses Giza 179 x Milyang 97, Sakha 104 x Hexi 12 and
E. Yasmine x Hexi 12 were observed as good specific combiners for
yield/plant, but the cross Giza 178 x Tongil and Giza 181 x Milyang 97
were good specific combiners for head rice. The genetic components
revealed these characters under study exhibited non additive variance.
Significant and desirable heterosis was observed in twelve crosses over
better parent but the maximum value was recorded (Giza 178x Milyang 97)
followed by (Gizal78x Hexil2). All crosses recorded significant and
positive mid parent heterosis for grain yield per plant. But only Giza 181x
Milyang 97 cross recorded high heterobeltiosis and relative heterosis for
head rice recovery.

41



REFERENCES

Abebe, T., S. Alamerew and V. Tulu (2017). Genetic variability, heritability and genetic
advance for yield and its related traits in rjainfed lowland rice (Oryza sativa L.)
genotypes at fogera and pawe, ethiopia. adv Crop Sci.Tech.5:272.d0i:10.4172/2329-
8863.1000272.

Adair, C. R. (1952). The McGill miller method for determining the milled quality of small
samples of rice .Rice J., 55 (2):21-23.

Adjah, K. L., A. Abe, V. O. Adetimirin and M. D. Asante (2020). Genetic variability,
heritability and correlations for milling and grain appearance qualities in some
accessions of rice (Oryza sativa L.). Physiol Mol Biol Plants 26(6):1309-1317
doi.org/10.1007/s12298-020-00826-x.

Alam, A. S., M. S, U. Sarker and M. A. K Mian (2007). Line x tester analysis in hybrid
rice (Oryza sativa L.). Annals of Bangladesh Agri, 11 (1):37-44.

Ariful, I. M. D., M. A. K. Mian, G. Rasul, Q. A. Khalig and M. M. A. Akanda (2015).
Estimation of gene action and variance components of some reproductive traits of
rice (Oryza sativa L) through line x tester analysis.J Rice Res 3: 144.
doi:10.4172/2375-338.1000144

Bano, D. A. and S. P. Singh (2019). Combining ability studies for yield and quality traits
in aromatic genotypes of rice (Oryza Sativa. L.). Electronic Journal of Plant
Breeding, 10 (2): 341 -352.

Begum, S., V. R. Reddy, B. Srinivas and C. H. Arunakumar (2020). Heterosis studies
for yield and physical quality traits in hybrid rice (Oryza sativa L.). Journal of Crop
and Weed 16(1): 38-50.

Butany, W.T. (1961). Mass emasculation in rice. Intern. Rice Com. Newsletter 9 :9-13.

Chen, Y., M. Wang and P. B. Ouwerkerk (2012). Molecular and environmental factors
determining grain quality in rice. Food and Energy Security 1: 111-132.

Chuwang, H., N. B. Singh and J. M. Laishram (2019). Diallel analysis of yield and its
important components in aromatic rice (Oryza sativa L.). Indian J. Agric. Res., 53(1)
67-72.

FAO (2016). The State of World Fisheries and Aquaculture 2016: Contributing to Food
Security and Nutrition for All. Food and Agriculture Organization, Rome, lItaly,
ISBN: 9789251091852, Pages: 200.

Fehr, W. R. (1987). Heterosis and principles of cultivar development, Theory and
techniques (Vol. 1) MacMillan Publishing Company, New York., 115.

Futakuchi, K., J. Manful and S. Takeshi (2013). Improving grain quality of locally
produced rice in Africa. In: Realizing Africa’s Rice Promise,311-323.Wopereis,
M.C.S., D.E. Johnson, N. Ahmadi, E. Tollens and A. Jalloh (eds.). Oxfordshire and
Boston, CAB International, Boston, MA, USA

42



Gowayed, S. M. H., A. E. Diaa, M. R. M. Ehab and M. M. El-Malky (2020). Combining
ability and heterosis studies for some economic traits in rice (Oryza sativa L.) Res.
J. Biotech :15 (1)101-111 .

Tistipliler, D., E. llker, F. A.Tonk, G. Civi and M. Tosun (2015). Line x tester analysis
and estimating combining abilities for yield and some yield components in bread
wheat . Turkish Journal of Field Crops, 20(1)72-77.

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

Juliano, B. O. (1971). A simplified assay for milled rice amylose. Cereal .Sci .Today 16:
334-338, 340 — 360.

Kempthorne, O. (1957). An introduction of genetic statistics. John Willey & Sons Inc.
New York, USA., pp: 468-473.

Khush, G. S., C. M. Paule and N. M. Dela-Cruze (1979). Rice grain quality evaluation
and improvement at IRRI. Workshop on chemical aspects of rice grain quality.
IRRI. Manila, Philippines.

Li, N, R. Xuand Y. H. Li (2019). Molecular networks of seed size control in plants. Annu
Rev Plant Biol, 70: 435-463.

Oyedele, O.A. and O. A.deoti (2013). Investigation into optimum moisture content and
parboiling time for milling in rice.J. Rice Res., 1:101.
https://doi.org/10.4172/jrr.1000101

Parveen, S.H. and P.K. Singh (2019). Exploitation of heterosis for quality traits in rice
(Oryza sativa L.) using CMS system under upland conditions.Int. J. Curr.
Microbiol.App.Sci. 8: 126-34

Prasad, T. K., Y. Suneetha, and S. Sharma (2019). Studies on heterosis and combining
ability in rice (Oryza sativa L.).International J. Agric. Sci., 15: 60-66.

Sahu, P. D. Sharma, S. Mondal, V. Kumar, S. Singh, S. Baghel, I. Ashish, G.
Vishwakarma and B. K Das (2017). Genetic variability for grain quality traits in
indigenous rice landraces of Chhattisgarh India. JEBAS 5:439-455.
https://doi.org/10.18006/2017.5(4).439.455.

Seck, P.A., A. Diagne, S. Mohanty and M. C. Wopereis (2012). Crops that feed the
world 7: Rice. Food Secur. 4: 7-24.

Sharma J.R. (2006). Statistical and biometrical techniques in plant breeding. 1 ed. New
Age International. New Delhi. India.

Sharma, N. (2002). Quality characteristics of non-aromatic and aromatic rice (Oryza
sativa) varieties of Punjab.India Journal of Agriculture Science. 72(7):408-410.

Shorifi, P. and H.aghi (2011). Genetic analysis for protein content in rice (Oryza sativa L.)
varieties. Middle—East J. of Scientific Research 7(5): 763-768.

Steel, R. G. D., J. H Torrie and D. A. Dickey (1997). Principles and procedures of
statistics. A biochemical approach, 3rd ed. McGraw Hill Book Co. Inc., New
York,USA

43


https://doi.org/10.4172/jrr.1000101
https://doi.org/10.18006/2017.5(4).439.455

Thakare, I. S., A. L. Patel and A. M. Mehta (2013). Line x tester analysis using CMS
system in rice (Oryza sativa L.). The Bioscan 8 (4): 1379-1381.

Torres, E. A, and I. O. Geraldi (2007). Partial diallel analysis of agronomic characters in
rice (Oryza sativa L.). Genetics and Molecular Biology, 30, (3): 605-613.

Wang, X, Y. Pang, C. Wang, K. Chen, Y. Zhu, C. Shen, J. Ali, J. Xu and Z. Li (2017).
New candidate genes affecting rice grain appearance and milling quality detected by
Genome-Wide and Gene-Based Association Analyses. Front. Plant Sci. 7:1998.
https://doi.org/10.3389/fpls.2016.01998.

Waza, S.A., H. K. Jaiswal, T. Sravan, K.Priyanka, D, A. Bano and V. P. Rai (2015).
Combining ability analysis for various yield and quality traits in rice (Oryza sativa
L.). Journal of Applied and Natural Science 7 (2): 865 — 873.

Xu, Q., W. Chenand and Z. Xu (2020). Relationship between grain yield and quality in
rice germplasms grown across different growing areas. Breeding Science 65: 226—
232 .d0i:10.1270/jsbbs.65.226.

Ye, X.,S. Al-Babili, A. KIéti, J. Zhang, P. Lucca, P. Beyer and I. Potrykus (2000).
Engineering the pro vitamin A (B-carotene) biosynthetic pathway into (carotenoid-
free) rice endosperm. Science 287: 303-305.

Yu, T., W. Jiang, T. Ham, S. Chu, P. Lestari, J. Lee, M. Kim, F. Xu, L. Han and L.
Dai (2008). Comparison of grain quality traits between Japonica rice cultivars from
Korea and Yunnan Province of China. J. Crop Sci. Biotech. 11: 135-140.

Zeinab, M., B.Nadali and N. B. Jelodar (2014). Genetic dissection of some important
agronomic traits in rice using line x tester method. International Journal of
Advanced Biological and Biomedical Research, 2(1): 181-191.

Zewdu, Z. (2020). Combining ability analysis of vyield and Vyield
components in selected rice (Oryza sativa L.) genotypes. Cogent Food &
Agriculture 6: 181-191.

S A qugall Baga Cliuag J panall GiLESY X AIad) Julas

) Saallae Ay (Hga (palll Gy
Lol Gigad) e Addal) Jualaall agase fadd) 53—l Y Gigan aud

oA gl og8 AliSy LSl X Aol JulaT pfaiials A Ao Gudl dalyst Ayl s Cuaid]

Al A8 ) bugia pegf cuad) bugio oo il duld sie 8 A cipad] sigag Jyasall Clia
Jparal Clia 9 GlET o gius cilial LDy dulas ) cilial dwas) iy cuslyi duilad plasic
Cigpas e deyja A i) j 4l dua (ude dusd)cilial) ods o dailill gl ) Lilayl gl odga
bigs Cliy 4iligSeg Jpuanal) Gl ydii aly . dudlpdial] dLalSl) Cile Ladl) auawal pldiicals cupdilly ji/§)

44



o dugiead) Llle ClPUS) sag b b ) @iliil) cldf Al paglly ciliall) ga JS A4 cgpad
dupiead] Qe 548 gl LS dugptall clial) g 3 a5 paglly clildslly Sl Gy cilia)
dalel) 53l 3 ciliay) Juadf g8 9V gilikio céicall f Bagl sy g piad cliall suaglly cusd) o
o dalal) 538 4 Cilial) S IS I Y uSd ciallaly cigial Jpane diial ducill (DY) e
X1V Ga) cagl claw LS . jphad) qpine dui dliSy Lo cigpual) dud ddal Luuilly DY)
Gudl] S dunpag digpine gl (11 uSit X guanl] Cpauldl) g (17 i X 10 £ L)y (1Y geililo
i gl 9V @ilke XV VS Spn Cpagl) o) Ll sily . Clillfeignd] Jpans déal Ml Ao dali)
gl Jpana cgg da Ve e o ¢ Al g o A A o dalid] Bl S dinpag dipins
S Jopael! oo At dgddedl] cygun] A ddecal MU Ao dualil) Gl S dunpag digine geilii lS oSl
cdliicd) ;g A upw.r el Sl Of (A clited) coldf (Y geibidia X 1A Siun) g (haigi X 1 VA
iy il dunai < il duniy ccigund] JSg coignd] Juana cabel] duwiy didt diliaed) cigad] a0
(Hlaga g caldsll deulil] Ciliadll S ol . cildal] 0dd (Ao wSU silead) 400 ) i Law cdaalead) )8
CligSal) jighl dus Voo gy Clilfilicd) s o JS aga fg9 Sl X Add) Jo U5 ad b, diia
Ll 4 ga digine Cpad ogf @il gl sbly e b Uil gl dufdl) 48 ciléall of 440
Coadl) 05l gl doidl] (Sly ¢ ALY ) Buglo o uas 1Y g g s Ve S uell) gl
A sy Gl Ladpclillf Jgaanall (1 F it X VYA i) lgali (3Y geililio X VA Siad) A gl
Luple o dfadls lguld sic dliy dedud) cigad] ddial duwills b (1Y @ildse X141 ja) aaly Guad

Y] I ey g

(Yer1) fe —ve :(1)re clill duil duad dasl

45



