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Abstract:

The present investigation was conducted under normal and salinity conditions during the two rice successive
seasons of 2020 and 2021. Three CMS lines of rice, IR69625A, G46A and GAB-A were used as female parents.
In addition, four Egyptian tester lines viz., Gizal79, PR5, PR6 and GZ9399 were used as testers beside their twelve
F1 crosses. A randomized complete block design with three replications was used and the data were analyzed
according to line x tester design. The results indicated highly significant differences among genotypes, parents,
crosses and parents vs. crosses under the two environments (normal and salinity conditions).The results showed
that dominance genetic variance (6?D) was greater than additive genetic variance for Plant height, Number of
panicles/plant, Spikelet fertility %, 1000-grain weight, Grain yield/plant, sodium content and potassium content
under normal and salinity conditions, Panicle weight under salinity condition, indicating that non-additive gene
action played an important role in the inheritance of this trait. For heterosis over the mid-parents (H.M.P.%): The
most desirable hybrids; For grain yield plant-1, the highly values and highly significant heterosis based on mid-
parents for grain yield plant-1 were observed for the crosses GAB-A/PR5, GAB-A/PR6, GAB-A/GZ9399,
G46A/GZ9399, GA46A/PR6 and G46A/PR6 under both conditions.  The following genotypes could use in breed-
ing program and expected improvement in such traits under normal and saline condition, G46A, PR6, GZ9399,
Gizal79 and GAB-A as a good donor. G46A/PR6, G46A/PR5, GAB-A/ PR6 and IR69625A/Gizal79 could use

as good crosses.

1. Introduction

Rice (Oryza sativa, L.) is one of the strategic crops
in Egypt and the improvement of its productivity is an
essential requirement to ensure food security. Salinity is
one of the major environmental stresses that limit the
productivity of rice crops (Ramadan et al., 2020). Rice is
the most important crop, being the dominant food in most
of the countries around the world. In Egypt, rice is con-
sidered one of the most adapted summer crops to the salt-
affected coastal areas. Rice can withstand water-logging
and standing water helps diluting and leach salts from
surface soil (Ismail et al., 2008).

Rice is a very important crop in Egypt and the pro-
duction of rice yield is facing several challenges such as
saline soil and drought. Furthermore, about 30% of lands
in northern part of delta are salt affected soil (Negm et
al., 2019). Accordingly, salinity considered one of the
major abiotic stresses affecting rice sustain-ability and
yield. Rice scientists in Egypt at Rice Re-search and
Training Center (RRTC) have long worked on develop-
ing new cultivars and promising lines to overcome ad-
verse environments for rice cultivation, among these cul-
tivars Sakhal04, Gizal78 and Gi-zal79 (Zayed et al.,

2017).

Salinity as an abiotic stress widely limits the crop
production severely. Salt stress reduced rice growth rate,
promoted metabolic alterations, and decreased ability to
uptake water and nutrients. Moreover, poor development
of rice spikelets, especially inferior spikelets caused by
salt stress significantly reduced rice grain yield (Sajid et
al., 2017).

Understanding the genetic behavior of salinity toler-
ance is a major concern to produce new genotypes suita-
ble for the salt affected areas in Egypt. In breeding pro-
gram, the knowledge of genetic variability for evolving
high grain quality is important. Genetic advance is more
helpful in predicting the gain under selection than herit-
ability estimates alone (Anis and Gharib, 2016).

El-Mowafi et al., (2019 and 2022) revealed signifi-
cantly general and positive specific combining ability
(SCA) effects for the yield and yield component under
both normal, water stress and saline stress conditions.
The inconsistent correlation between the general com-
bining ability (GCA) and (SCA) manifested complex in-
teractions among the positive and negative alleles of the
genes controlling the yield traits. Generally, the findings
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of this investigation demonstrated the importance of the
GCA and SCA for understanding the genetic compo-
nents and gene actions of the yield characteristics in new
aromatic hybrid rice parental lines. There-fore, we rec-
ommend considering these findings in the selection of
elite parents for developing superior aromatic hybrid rice
varieties under water-stress conditions.

Mazal et al., (2021) revealed that the dominance ge-
netic variance (62D) was greater than the additive ge-
netic variance (62A) in controlled the inheritance of all
the studied traits, They indicated that the heritability val-
ues are high for plant height (97.10%) and sterility %
(97.73%), indicating slight effects of environment on the
traits. On the other hand, heritability estimates in the nar-
row sense are low to moderate, these results also illus-
trated that major part of the total genotypic variance was
non-additive in nature for these traits. The contributions
of the lines were higher than the contribution of the test-
ers for number of panicles/plant (32.30%), number of
filled grains/panicle (24.18%), sterility % (32.10%) and
grain yield/plant (27.30%). The contribution of line x
tester interaction was important for number of filled
grains/panicle (69.26%), grain yield/plant (66.18%), ste-
rility % (65.88%), number of panicles/plant (55.81%)
and plant height (52.47%).

Accordingly, the aim of this study, the potentiality
of heterosis over mid parents in rice for some agronomic,
sodium and potassium content and yield com-ponents
traits. Furthermore estimate the combining ability to de-
tect the best general combiner and the best combination
for studied traits. Assessment the genetic parameters and
heritability estimates in both broad and narrow sense for
the studied traits under normal saline condition. Selected
the best genotypes can used in breeding program under
normal and salinity conditions.

2. Materials and Methods

The present investigation was conducted at the Ex-
perimental Farm of Rice Research and Training Center
(RRTC), Sakha, Kafer EI-Sheikh and EI-Sirw Station,
Egypt, Egypt, during the 2021 season.

The genetic materials used in this investigation in-
volved three CMS lines of rice obtained from different
sterile sources of Wild Abortive (WA) and Gambiaca
(three lines system). These lines were; IR69625A, G46A
and GAB-A which used as female parent. In addition
four Egyptian tester lines viz., Gizal79, PR5, PR6 and
GZ9399 were used as tester beside their twelve F1
crosses (Table 1).

Table 1: Cytoplasmic male sterile lines and tester lines

used for this study.

Cytoplasmic Grain o
Genotypes . Origin
source pedigree | type

PTGMS lines (female) CMS lines

) ) Indica
Wild abortive
IR69625A . long IRRI
(WA) CMS line

grain

Indica
G46A Gambiaca long China
grain

Indica
GAB-A Gambiaca long IRRI
grain
Tester lines (male) Restorer line
GZ1368-5-S- Indica

Gizal79 5/GZ6296-12-1- | short Egypt
2-1-1 grain
Giza Indica

PR5 178/GZ6296-12- long Egypt
1-2-1-1 grain
Giza Indica

PR6 178/GZ6296-12- long Egypt
1-2-1-1 grain
Giza Indica

GZ9399 | 178/IR65844-29- | short Egypt
1-3-1-2 grain

The representative soil samples were taken form ex-
perimental site in the two station and the main soil phys-
ical and chemical properties were listed in Table2.

Table 2: Some chemical and physical analysis of exper-
imental sites during 2021 season.

megL™

Soil E.C.| pH
Ca++ Mg++ Na+ K+

Normal | 2.07 | 759 | 2.98 | 1.12 | 14.96 | 0.47

Salinity | 8.13 | 8.46 | 129 | 6.1 | 65.23 | 0.35

meqL™?

Soil - -
Cos™ Hcos Cl So04”

Normal 2.17 1.34 13.35 5.36

Salinity | 6.82 736 | 61.29 | 12.33
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The experiments were performed in randomized
complete block design in the two sites as apart. The sow-
ing date in the two sites was May1st . The seedlings aged
30 days of tested material were transplanted as one seed-
ling hill-1 with spaces of 20x20 for row and hill. Each
lines, tester and cross has only on row with length of 5m.
All recommendations package were applied as it devel-
oped by National rice program, ministry of agriculture.

At harvest, the parents and F1 were evaluated under
the two environments; i.e., normal and salinity condi-
tions. Ten traits; i.e., plant height, panicle length, days to
heading, sodium and potassium content, panicles plant-
1, spikelets fertility percentage, 1000-Grain weight, pan-
icle weight and grain yield plant-1 for yield traits. Ran-
domized complete block design with three replications
was used and the data were analyzed according to line x
tester design.

2.1 Statistical analyses

2.1.1 Estimates of combining ability

The data were analyzed by using the ordinary anal-
ysis of variance to test the significance of differences
among the 19 genotypes (three CMS lines, four restorers
as testers and their 12 F1 hybrids). If the genotypes mean
squares were found to be significant, there was a need to
proceed for further analysis, i.e., line x tester analysis.

2.1.2 Estimates of combining ability effects

General combining (GCA) and specific combining
(SCA) effects of each lines and crosses were calculated
according to Griffing (1956).

2.1.3 Heterosis versus the mid-parents (MP)%

The amount of heterosis as proposed by Mather
(1949) and Mather and Jinkes (1982).

2.1.4 Estimates of variance components and heritability
2.1.4.1 Genetic parameters

The following variance components were esti-
mated based on the expectations of mean squares accord-
ing to Kempthone (1957) and Virmaniet al., (1997).

2.1.4.2Heritability.

The formula of Burton (1952) was used to estimate
heritability in the broad and narrow senses.

3. Results and Discussions

The obtained results can be summarized as follow:

The analysis of variance in Table3 indicated highly
significant differences among genotypes, parents,
Crosses, parents vs. crosses under the two environments
normal and salinity conditions with respect all studied
characters. Negm (2012) and ElI-Mowafiet al., (2019 and
2022) reported similar results.
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Table 3: Analysis of variance of all the studied traits.

sV & Diays fio headins (dav) Flamt heishs (o) Mhnber of panicles plant | Pamicle length (cm) Pamicle waight (2
N ] N 3 N ] N ] N 3
Beplications 2 174 1.63 il .78 07 1.0 0.05 133 0.0 .01
Treatrmets 18 | 65.66%* [ 33.83% [ 7401 115434 13.06%* | TRITe* LR 11.9]%* 4.03%= [.05ge
Parents f B2.00%* | Ta40% | 3320 183.82% 1260%* | TLET+* 270 10.15%* 0.51* 10404
Pavs Cros 1 18.82%* | 2388% | 2TRI11** | 144442 BREEee | £104%* | 11547 | 3493 | 5lal** | D093
Crozses 11| 5708** [ 4217%* [ 32.27** 12096 631 B2.40e* 1.33* 10.55%* 164** 0.083
Lings 1 | 20B7Ee* | 1803§%* | 3134 147,104 Daf* 35034 l1** 10,204 4% 14304
Tester: 3 LAf** 10.63%+ [ 3601+ T1.74%* DOf*= [ 14653% 1.20* 1L11%* 1.3E** 18374
LaT f 4414 G800 1358 13682 1004 65,86 0.20* Ll Q11 425
Emor 16 1.63 1.58 106 116 057 183 0.19 1.7 0.4 0.061
v i SElile]Et feriility %a llill}Il_-eruin weizht (g} (rzin vield plant (2) _ M _ K
N 3 ) 3 N 3 IS 3 i) 5

Beplications 2 0.13 1101% 0.03 0.21 00 14 0.l 0.01 Q.51+ 0.06*
Treatrnents 18 | 2833% | 131132** 1.60%* 145 263.19%¢ ) 18036 | [4* 004 0.l 002
Parents § 205w LE74.05% | 100 f.57** 24135 | 132 0.l Q.02 0.1 0.0l
Pavs Cros 1 | 6fRg= 367.03* [P 3= | FI3LI4MT | 33l44e il 0.0z 0o .07
(CTozses 11 | 3322%% | 4307 45 1.22%* 410 130.82% | 15437 | [.05* 005 0.1 0.0l
Lines 2 1.B3% 467 4004 L0074 0.1e 13471%% [ 93.46% | 011 D11** 0.l 0.0l
Tester: 3| 3155 D347 141+ 10.76%* | 33137** | 132.08** | O0.09* 008 0.1 0.0l
LaT § | 4768 404.33* .50%* 14 £1E1** 130,574 .l 0.0l 0.l 0.0
Emoe 16 107 G441 0.2 0.16 132 287 .ol 0.08 0.ae 0.05

3.1 The most desirable mean values for mean perfor-
mance:

The data in Table 4 indicated that the mean perfor-
mance for the studied traits high significantly varied
from combination to another under both environments:
salinity and normal ones. Furthermore, all measured
traits of all line, tester and crosses were decreased under
salt stress comparing to normal condition.

The best genotypes were; for days to heading, GAB-A,
G46A/PR6 under both conditions. For plant height,
GAB-A under normal condition and IR69625A under sa-
line soil condition followed by G46A/PR5. For panicles
plant-1, GAB-A under normal condition, while the best
parent under salinity condition was GZ9399 followed by
Gizal79. Furthermore, the best Crosses
IR69625A/Gizal79 and IR69625A/PR6 under normal
condition; GAB-A/PR6 and IR69625A/GZ9399 under
salinity condition. For panicle length, PR6 and the best
crosses G46A/PR6 followed by G46A/GZ9399 under
normal, GAB-A/Gizal79 under salinity condition. Re-
garding panicle weight, the parents PR6 under normal
condition and GZ9399 under salinity condition they were
the best. G46 A/PR5 andG46A/PR6 under normal condi-
tion, in addition, IR69625A/GZ9399 and GAB-
AJGZ9399 under salinity they were the best.

For spikelet's fertility percentage, Gizal79 under
both conditions, among hybrids, G46A/PR5 under nor-
mal condition furthermore, G46A/GZ9399 and GAB-
AJGZ9399 were the highest under salinity condition. For
1000-grain weight, among parents, under normal

condition the highest mean values were scored by PR6
and GZ9399 under salinity condition. Among hybrids the
highest mean values were scored by the hybrids
IR69625A/PR6, IR69625A/Gizal79 and
IR69625A/PR5 under normal, while GAB-A/GZ9399
was the best cross under salinity. For grain yield plant-1,
among parents the highest mean values were obtained by
GZ9399 under normal while Gizal79 and GZ9399 were
gave the highest grains weight under salinity conditions,
among hybrids the highest mean values under normal
condition were scored by the hybrids G46 A/PR6 and the
cross GAB-A/PR6 under salinity conditions. Regarding
sodium content, G46A and IR69625A/Gizal79 were the
best under normal and salinity conditions.
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Table 4: The mean performance for the parental lines

and their F1 crosses under two different conditions for

studied characters:

Genotypes Days to heading {day) Plan‘tcrh;ight Mumber of panicles/plant Panicle length [cm) Panicle weight [g]
N 5 N 5 N 5 N 5 N 5

IREIE25A 107.33 105.00 106.33 £1.00 22.33 13.00 23.50 15.67 433 3.13
GAEA 93.57 3267 57.00 £3.33 20.33 767 23.40 2L.00 47 243
GAB-A 90.33 S8.67 94.00 70.33 2467 10.00 22.03 20.40 3.80 2.30
Gizal7d 54.33 27 57.57 7100 24.33 15.00 2447 12.50 4.50 3.47
PRS 96.33 32.00 106.00 22.00 15.33 11.00 2420 17.00 4.80 230
PRA 54.33 27 107.00 2100 2133 11.33 25.03 12.57 5.03 230
GZ9359 53.33 3467 102.67 E5.57 23.67 iL.33 2383 1257 480 3.60
IRE36254,/Gizal7d 103.33 35.67 108.00 8133 2633 15.00 25.50 23.00 5.80 3.50
IRE3525A/PRS 103.67 10100 109.33 23.67 25.00 12.00 26.33 1857 5.53 280
IRE3E25A/PRE 102.00 2067 111.00 2767 2633 1267 27.17 1533 £.53 237
IRE3625A/G7I359 101.33 2867 111.00 23.67 2557 22.00 2643 2L.00 557 3.63
GA6AGizalTa 94.33 2133 105.33 78.67 2333 1L.00 27.30 2033 7.03 257
GAGA/PRS 54.00 9523 108.33 £8.33 2433 1267 27.50 17.57 74 1.30
GAGA/PRE 92.00 21.00 110.33 33.67 25.33 1067 27.53 17.50 773 2.33
GA6A/GTI3T9 93.33 LET 103.67 23.00 26.00 20.00 27.57 20.50 7.27 3.20
GAB-AGizal79 93.00 51.00 10067 24.67 2457 1187 7530 22.00 5.30 267
GAB-A/PRS 94.67 26.00 105.33 20.67 2133 1023 26.53 2L 5.30 267
GAB-A/PRE 95.33 92.00 106.67 75.67 2433 2433 26.47 20,57 7.00 3.20
GAB-AJGZ9399 95.33 9633 110,67 20.67 26.00 2023 25.70 2140 5.10 3.63
LSO 0.05% 175 L73 141 X 104 232 0.43 179 014 0.34

0.01% 2.52 248 2.03 3.52 119 334 0,61 2.58 0.20 0.49
Cenotypes Spi-kale*t fertility %0 lUﬂU_—gl'a'm weight () Gra_in ﬁ&ld."planr. (=) i Na™ i K

N 5 N 5 N 5 N 5 N 5

IREIEISA 92.0% 5165 27.30 18.87 3828 16.50 0.53 1.33 66 1.26
C4EA 38.63 33.08 27.80 2040 4184 12.20 0.33 1.15 70 1.30
CABA 91.20 3308 2513 20.70 3380 13.17 0.44 124 72 1.52
CizalT9 93.67 29.1% 2233 4650 34.10 0.46 1.26 73 1.38
PRS 9267 3163 2013 5245 14.47 0.53 1.33 148
PRE 93.43 4332 2143 5430 20.00 0.46 1.26 1.54
GZ9399 90.9% 85.06 2333 5827 3 0.46 1.26 74 134
TRE9625ACizal 79 38.67 8233 22.53 57.17 3377 0.32 1.12 73 1.38
IRS9625APRS 89.47 47.87 23.13 531 17.47 0.35 1.1% 73 1.58
IRE9625APRE 93.43 4833 2260 6443 2157 0.54 134 B4 144
TRE965ACTINN 38.40 2184 24.03 710 2643 0.45 75 135
C46A/CizalT9 8263 72377 21.40 58.10 2333 0.44 84 144
CAEAPRS 94.63 70.44 2233 64.06 24.53 0.44 2 142
G46APRE 86.63 £9.67 2287 7961 2070 0.54 134 2 142
C46A/CTII09 93.77 2815 27.23 2453 7838 3230 0.54 134 83 148
CAB-A/CizalT® 8883 £5.92 26.13 2247 5783 2267 051 131 94 1.54
GAB-APRS 36.73 £7.53 26.60 21.00 6848 2260 0.51 131 73 138
CAB APRG 9137 2458 27.13 2383 6331 3800 0.84 1.64 66 1.26
CAB-ACTI380 90.0% 27.38 2653 24.80 6443 36.07 0.60 1.40 1.78 1.38
LSD 0.05% 142 3490 0.21 0.55 158 135 021 039 0.4 032

0.0]1% p 2002 031 0.7 137 138 0.30 057 0.63 045
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Concerning potassium content, the best genotype
was the cross GAB-A/Gizal79 under normal, salinity
conditions. Some authors like, Zayed et al., (2010,2014
and 2017); Negm (2012 and 2016); ElI-Mowafi et al.,
(2019 and 2022) and Mazal et al., (2021) mentioned sim-
ilar findings.

3.2General combining ability:

Data listed in Table 5 clarified that the General
combing values of both lines and testers for all studied
characters, except sodium and potassium leaf content
were positively or negatively highly significantly. Inter-
estingly, the good combiners were; for days to heading,
G46A and GAB-A, For plant height, G46A. In the case
of panicles plant-1, IR69625A and PR6 under both con-
ditions were the best. For panicle length, the rice geno-
types PR5 and PR6 were the best combiners under nor-
mal condition while GAB-A and Gizal79 were the good
combiner under salinity condition. Regarding panicle
weight, G46A and PR6 under normal condition, while,
IR69625A, GAB-A and GZ9399 were the best under sa-
linity stress condition. For spikelet's fertility percentage,
G46A, GAB-A and GZ9399 were the best under salinity
condition. For 1000-grain weight, IR69625A, G46A and
PR6 under normal, while only genotype GZ9399 under
salinity stress conditions.

In the case of the grain yield plant-1, the most desirable
and highly significant positive GCA effects were ob-
served for the genotypes of G46A, PR6 and GZ9399 un-
der normal condition, in addition to, GZ9399 under sa-
linity and normal condition while, GAB-A was highly
significant GCA effects under salin-ity condition only.
The genotype GZ9399 could be strongly recommended
as good general combiners for this trait especially breed-
ing programs for normal and salinity condition. The gen-
otype, IR69625A showed desirable general combining
ability effects for the sodium content under normal con-
dition proving to be good combiner for this trait. At the
same time the genotypes were not significant for this trait
under salinity condition. Zewdu (2020) found that anal-
ysis of variance indicated that genotypes, general com-
bining and specific combining abilities mean square val-
ues were highly significant (p < 0.001) for all meas-
ured traits which indicated the genetic diversity of the
parents and the importance of both additive and non-ad-
ditive gene effects in the inheritance of the measured
traits respectively.

Table 5: General combining ability effects of parents all
studied traits.

Genotypes Days to beading Flant height {cm) No. Panicles plant” Panicle length {cm) Panicle weight ()
N 5 N 5 N 5 N 5 N 5
i IRGDG25A §.72%* 435 13+ NI .04+ 1.03= .16+ 00 R 0226
E G464 ERTL -3.05%* 0.61% -3.14% 014 -20f** .75+ -1 1E* .3 .397°*
GAB-A <1154 -1.31%* -1 g <0.64 -8 1.03= -0 61 1.31%* -0.31% [.16a*
L3D. 0.05% 0.62 .61 0.50 0.56 0.7 052 (N5 0.6 .08 010
001% | 089 0.33 0.72 14 053 118 nn 081 0.a7 0173
v GizalTd .03 -1 30 -1 36% <082 <011 -] 75 -0 4% 1.53** -0.3]% .03
& | PRE .58 206+ 0.14 1174 -1.33%* -3 074 012 -1.06* -0.00% -1.4174+
E 313 0.4l EEE LEl** 341 044 0.15 .30+ -l 45 .57+ -0.230¢
GZo3nn 018 017 Doz 0o 100+ 547 020 0.58 01T a1
L5D. 005w | 088 .36 0.71 112 052 L16 0.l .80 0.a7 0170
0.01% 1.26 1.4 L2 176 07E 167 0.3l 110 0.10 0145
Genotypes Spikelet fertility %o 1000-grain weight (=) Cram vield'plant (g) Na” K
N 5 N 5 N 5 N 3 N 5
i IRGD6254 044 77 D55=* 0.11 =170 BEIES 008 -0.08 -0.01 -0.01
5 G484 013 2.08"* [14%* 018 3.84% BN 003 003 0.03 0.03
GAB-A 031 4.10°* .70 0.06 -1 164 321= 0.0 0.10 -0.02 0.0z
L3D. 0.0s% 168 123 008 0e 056 083 [ 014 018 011
0.01% 141 1.7% 011 018 0.80 11% 011 020 1 018
GizalTd -1 B4ee 1.40 0.0 B3 B4R 003 -0.08 -0.08 0.04 0.04
E 35 1.7 -10.34* 0.0 BETES 0.1 5004 007 -0.07 -0.01 -0.01
E 313 .93 -4 74 025=* 0.14 3.6]=* 0.14 01 0.1 -0.04 -0.04
GLo3a0 11E 13.88* - 16 1 4a=* 5.00= 4 Gp=* .03 .03 .01 {.01
L3D. 005k 168 1.7 011 017 0. 117 0.1 0.2 0.1 0.18
0.01% 141 151 015 0.39 114 169 015 018 031 011

*and**, siznificant and highly siznificant, respectively.
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The estimate of variance due to GCA was higher
than that due to SCA for these traits suggesting greater
importance of additive genetic variance which is in
agreement with the results of Lathaet al., (2013), Ramesh
et al., (2018), EI Mowafi and AbouShousha (2003),
Negm, (2012 and 2016) and El Mowafi et al., (2019 and
2022).

3.3 Specific combining ability:

Going back to Table 6 it was observed that the mean
values of SCA of all crosses of studied traits un-der both
conditions; salinity and normal ones except for heading
date, sodium leaf content and potassium leaf content. As
for, days to heading, desirable and significant negative
SCA effects were exhibited for GAB-A/Gizal79 under
both conditions which was only had negatively signifi-
cant values the rest of crosses did not have significant
values except three crosses under saline condition.

The best crosses were; for plant height,
G46A/GZ939 and GAB-A/Gizal79 under normal condi-
tion. Five crosses, IR69625A/Gizal79 IR69625A/PR6,
IR69625A/GZ9399, G46A/PR5 and GAB-A/PR6 ex-
hibited desirable and highly significant negative SCA ef-

hybrids i.e. G46A/PR5 and GAB-A/GZ9399 were
the desirable and highly significant positive SCA effects
under normal condition; the crosses, IR69625A/Gizal79,
G46A/PR5 and GAB-A/PR6 were the best crosses under
salinity condition. Concerning panicle length, all twelve
studied crosses were not significant desirable SCA ef-
fects. In the case of panicle weight, IR69625A/Gizal79,
G46A/PR5 and GAB-A/PR6; under normal condition
and two crosses IR69625A/Gizal79 and GAB-A/PR6
were the best crosses under salinity condition. For spike-
let's fertility percentage, IR69625A/Gizal79,G46A/PR5
and GAB-A/PR6 were the best under both conditions.
Regarding 1000-grain weight, G46A/Gizal79, GAB-
A/PR6 and GAB-A/GZ9399 under normal condition
while, IR69625A/PR5 and GAB-A/PR6 were the best
crosses under salinity condition. For grain yield plant-1,
IR69625A/Gizal79, IR69625A/GZ9399, G46A/PRG6,
G46A/GZ9399, GAB-A/Gizal79 and GAB-A/PR5 un-
der normal and four crosses, IR69625A/Gizal79,
G46A/PR5, G46A/GZ9399 and GAB-A/PR6 under sa-
linity conditions.

Table 6: Estimates of specific combining ability (SCA)
effects for studied traits.

fects under salinity tolerance. For panicles plant-1, two

Hybrid Days to heading (day) Plant height (cm) Mumber of Panicle length Panicle weight (g)
combinations panicles/plant (cm)
N 5 N 5 N 5 N 5 N 5
IR69625A/Gizal79 0.72 1.31* 1.03+ -2.67%* 0.61 4.08%= -0.51* 0.92 0.12* 0.361==
IR69625A/PRS 0.50 -0.81 -0.64 7.00%* 0.50 -0.69 011 -0.52 0.04 0.217
IR69625A/PRE -0.17 0.75 -0.64 -1.78* 0.06 -4.25%* 0.17 -0.47 -0.02 -0.484°*
IR69625A/G79399 -1.06 -1.25* 0.25 -2 56** -1.17%* 0.86 0.03 0.07 -0.14%* -0.083
Ga6A/Gizal79 0.89 0.39 128+ -142 -1.31** -0.B3 0.15 -0.49 -0.03 0.053
G46A/PRS 0.00 0.54 1.28* -0.42++ 0.92* 3.06%= 0.27 -0.37 0.16** -0.258*
GA6A/PRE -1.00 -0.50 161+ 7.14%* 0.14 -3.17=" -0.10 -0.05 0.21** 0.057
GA6AG79399 011 -0.83 -4 17 3.69** 0.25 0.24 0.22 0.82 0.07 0.108
GAB-A/Gizal79 -1.61* -1.69* =231+ 4 08** 0.69 -3.25%* 0.15 -0.43 -0.09 -0.414%*
GAB-AfPRS -0.50 -0.14 -0.64 2.42% -1.42%+ -2.36%* 0.16 0.79 0.21%* 0.042
GAB-AfPRE 117 -0.25 -0.57 -5.36+ -0.19 TF.42%*= -0.07 0.52 0.23** 0.357==
GAB-A/GZ9399 0.94 2.08** 3.9+ -1.14 0.92* -1.B1- -0.25 -0_88 0.07 -0.025
LSD. 0.05% 1.24 1.22 1.00 1.73 0.73 1.64 0.30 1.27 0.10 0.241
0.01% 1.78 1.76 1.44 2.49 1.06 2.36 0.43 1.82 0.14 0.346
Hybrid Spikelet fertility % 1000-grain weight (g) Grain yield/plant (g) Na+ K+
combinations M g N g N 5 N 5 M -]
IR69625A/Gizal79 1.51** 15.83** 0.08 0.29 1.167 B.o5** -0.02 -0.02 -0.06 -0.06
IR69625A/PRS -1.25* -6.81** 0.06 0.86°* 106 -2.26* 0.02 0.02 0.00 0.00
IR69625A/PRE 251+ -11.99=* 0.12 {.61** -3.66** -3.38** -0.02 0.02 0.08 0.08
IR69625A/GZ9399 -2.78%* 3.06* -0.26%* -0.54* 144= -3.36°* 0.02 0.02 -0.02 -0.02
GA6A/Gizal?d -394 -3.B9** 041%* 0.56** -3.46%* -1.85* 004 0.04 -0.04 -0.04
GA6A/PRS 4459+ 5.52** -0.08 0.36 -5.75** 4.40%= 0.02 0.02 -0.01 0.01
GA6A/PRE -3.71* .85 -0.39* -0.06 5.07+" -4 65°* -0.08 0.08 0.02 0.02
GA6A/G79399 3.17+* .78 0.06 0.26 3.25%* 2.10* 0.02 0.02 0.03 0.03
GAB-A/Gizal79 243+ -11.94=+ -0.49++ 0.27 2.30%* -7.14%* -0.02 0.02 0.10 0.10
GAB-A/PRS -3.24%* 138 0.02 -122%* 4 65+ -2.15* -0.04 0.04 0.01 0.01
GAB-A/PRE 1.20* 12,83+ 0.27%* 0.67°* -2.31** B.03*= 0.10 0.10 -0.10 -0.10
GAB-A/GZ9399 -0.38 -2.28 0.20* 0.28 -4 pB** 1.25 -0.04 0.04 -0.01 -0.01
L5.D. 0.05% 1.01 246 0.15 0.39 112 1.66 0.15 0.28 0.31 0.22
0.01% 145 3.55 0.22 0.56 1.61 2.39 0.21 0.40 0.44 0.32
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Regarding to sodium and potassium content the hy-
brids combinations have positive and negative values for
SCA effects without any significant under normal and
salinity conditions. The current finding are in agreement
with those reported by Latha et al. (2013), Ramesh et al.
(2018), ElI Mowafi and AbouShousha (2003), Negm
(2012 and 2016) and ElI Mowafiet al., (2019 and 2022)
who found that GCA and SCA effects were highly sig-
nificant for spikelets panicle-1 and 100-grain weight, in-
dicating the relevance of both additive and non-additive
effects in the inheritance of these traits as well as the
greater importance of non-additive gene action.

3.4 Genetic variance components, contribution of line
and testers:

The results' in Table7 showed that dominance ge-
netic variance (62D) was more than additive genetic var-
iance for pant height, number of panicles/plant, spikelet
fertility%, 1000-grain weight, Grain yield/plant, sodium
and potassium content under normal and salinity condi-
tion besides, Panicle weight under salinity condition, in-
dicating that non-additive gene action was played an im-
portant role in the inheritance of this trait. Meanwhile,
Days to heading and Panicle length under both condition
besides, panicle weight under normal condition showed
that dominance genetic variance (62D) less than additive
genetic variance for these traits, indicating that the addi-
tive gene action played an important role in the inher-
itance of this traits.

Heritability estimates in broad sense (h2b) were high
for days to heading, plant height, and number of panicles
plant-1, spikelets fertility, 1000- grain weight and grain
yield under normal and salinity condition, besides pani-
cle weight under normal condition, indicating the most
of variability in these traits was due to ge-netic variation.
Also, it could notice that the heritability estimates in nar-
row sense were relatively high for panicle weight under
normal condition, due to additive genetic variance. The
proportional contribution of lines, testers and their inter-

action for seen characters studied are presented in Table7.

It could be noted that the contribution of lines was
more than testers in days to heading under both condi-
tions and three traits under normal condition i.e. panicle
length, panicle weight and 1000-grain weight, indicating
that the lines played a great role in developing and im-
proving these characters through lines x testers' method
in developing cross containing plants tolerant to normal
condition. On the other hand, for number of pani-
cles/plant and sodium content under both conditions, be-
sides, Spikelet fertility%, Panicle length, Panicle weight
and 1000-grain weight under salinity condition and
Grain yield/plant under normal condition. It revealed
preponderance influence for these traits the contribution
of tester was more than So, the tester played a great role
in developing and improving these traits through lines x
testers' method to obtain high tolerant cross to salinity
conditions. The interaction line x tester; were found im-
portant for the characters potassium content and plant
height under two studied condition moreover, spikelet
fertility% under normal condition and grain yield per
plant under salinity condition were high for the

interaction between lines and tester contribute in these
traits. Heritability was classified as low (below30%),
medium (30-60%) and high (above 60%) (Babuet al.,
2012).

Heritability estimates in narrow sense (h2n) were
relatively low for most studied traits and these results
suggested that a major part of phenotypic variance for
these traits was due to dominance genetic variance and
environmental effects. Moreover, heritability was rela-
tively moderate for panicle length under normal condi-
tion and days to heading under both studied condition,
indicating the importance of both additive and domi-
nance genetic variance (EI-Mowafi et al.,2019 and 2022).
As shown in Table7 heritability estimates in broad sense
(h2b) were high for days to heading, plant height, num-
ber of panicles plant-1, spikelets fertility, 1000- grain
weight and grain yield under normal and salinity condi-
tion, besides panicle weight under normal condition, in-
dicating the most of variability in these traits was due to
genetic variation.

Also, it could notice that the heritability estimates in
narrow sense were relatively high for panicle weight un-
der normal condition, due to additive genetic variance.
On contrary, Hammoud (2004) found that narrow sense
heritability estimates were lower than of broad sense for
most traits studied indicating the im-portance of non-ad-
ditive genetic variance in the inheritance of vegetative
traits, subsequently selection procedures are preferred in
the late generation.
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Table 7: Estimates of genetic parameters for studied

traits.
Genetic Parameter Days to heading (day) | Plant beight (cm | Number of panicles'plant | Panicle length (tm) | Pamicle weight (g)
N 5 il 5 il 5 N 5 N 5
Additive variance (7 4) 130 110 0.1 1il 01l 031 0.08 0.30 0.09 0.030
Dommant variznce (g~ O} 003 1.7 131 | 445 114 2004 .04 013 0.0 0121
Broad zense herinhility (h'h) % 1173 1103 8803 | 830l fi.48 R 3488 116 B18 [ TIA2
Harmow sense heritability (hn) % 3583 i 10 335 idl 1.3 38.03 1.4 f2.01 1413
Contrifution of lines 250l 1176 I L 26.91 B34 171 345 7147 | MR
Comtribution of festers .73 1134 il | 61 38.66 £33 1114 3434 8 [ 3045
Comtribution of line 3 tester 430 ER 9B | ELTD 3441 4131 7.14 10.50 387 RN
Cenetic Parameter Spikelet fertility Y 1000-zrain weizht (=) irain vield plant (z) Na” K
] 3 bl 5 N 5 l ] il 5

Additive varimes (v 4) 130 335 .03 010 R L& Q01 | 040 | 001 | o
Domimant variznce (5~ O] 1554 13330 |0l 0.43 683 4335 aar | 002 | 003 | adl
Broad sense heritability (h'h) % pi02 9354 74l 11 3318 9374 TA0 | 3489 3004 [ ME2
Marmow sense heritability (hn) % 830 49 W1 1L.70 1114 4.01 1000 ) 357 | 033 | 08
Contribution of lines 0.9 14M 7333 139 1333 1265 [ 3043 [ 3748 | 1LE7 ) 12RO
Contribution of festers 1521 430 a1 7156 36.73 NE | 450 ) 4852 ) M| 1
Comtribution of line 3 tester T304 00 1745 2113 PR 36.33 13.02 ) 1300 | 6709 | £512

3.5 For heterosis over the mid-parents (HM.P.%):

Data arranged in Table 8 showed that the values of
heterosis of all studied traits were positively or nega-
tively highly significant. For days to heading the most
desirable hybrid combinations were G46A/PR6 under
normal and salinity conditions; G46 A/GZ9399 under sa-
linity condition. In case of plant height, the best cross
was G46A/PR5. Regarding for panicles plant-1,

G46A/PR5, G46A/PRS, IR69625A/PR6 and
IR69625A/PR5 under normal condition; and GAB-
AJ/PRG, G46A/GZ9399, G46A/PR5 and

IR69625A/GZ9399 under salinity condition were the
best crosses. Concerning panicle length and panicle
weight most crosses were exhibited the favorable posi-
tive and highly significant heterotic effects under nor-
mal and salinity conditions. With regard to spikelets fer-
tility percentage, G46A/GZ9399 and G46A/PR5 un-der
normal condition; most hybrids have a positive and
highly significant desirable heterosis under salinity con-
dition except one cross. In the case of 100-grain weight,
IR69625A/Gizal79, GAB-A/PR6, GAB-A/GZ9399 and
IR69625A/PR6 under normal condition were the best-
crosses. Furthermore, all crosses were have the positive
value of heterosis and all of them were highly signifi-
cant heterosis except the cross G46A/Gizal79, indicat-
ing the highly improvement and introduce the 1000-grain
weight in the crosses under salinity condition. For
grain yield plant-1, the highly values and highly signifi-
cant heterosis based on mid-parents for grain yield plant-
1 were observed for the crosses GAB-A/PR5, GAB-

A/PR6, GAB-A/GZ9399, G46A/GZ9399, G46A/PR6
and G46A/PR6 under both conditions.  Concerning so-
dium content, the most desirable hybrid combinations
were IR69625A/Gizal79, IR69625A/PR5,
IR69625A/GZ9399 and G46A/PR5 under normal condi-
tion and salinity condition. In the case of potassium
content, the most desirable highly significant positive hy-
brid combinations were IR69625A/PRS6,
IR69625A/GZ9399,  G46A/Gizal79, G46A/PRS,
G46A/GZ9399 and GAB-A/Gizal79 under normal and
salinity conditions.
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Table 8: Heterosis over mid parent estimates (%) in rice

Crosses.
Crossas Day: to heading (day) Plant beight No. paniclez/plant Panicle length (cm) Panicle weight (=)
IRGRG25A/Gizal TR 148 0.54 5.8 24744 12.36+* 13.75%= 7.0 34154 3137 G064+
IRf625AFPRE 1.81 154 2.08%+ 14544 20.02** 0.00 11.08%= 14.20%= 20.0]e= G.81%*
IRf625APRG 1.16 0.54 4.06%* 213 48+ 20.61** 0.04 11.06** [ 3033 -11.70%=
IRARG25A /GO390 1.00 -1.20 [ 3107+ 1161 33.00%= 10.75%= 2125+ 21 56+ T.RE*
G46AGizalT? 0.33 -1.40 B.21** 10.06*= 4,484 -17.50% 14.06+= 24774 56,74 -12.90%=
G4§ATRE -1.03 324 §.734+ -12.3[#= 21.60+* 33734 13.35+= -7.00% 60.30+= -23.00%=
G46ATRA -1.13% -1.80* B.17#+ 20.10+= 21.60+* §.70% 14.05%= -11.774= §1.744= -1.45%
G46AGTI3R0 118 -1.10* B4 22,06+ 13.18*= 3705 16.75+= 21584 5318 G144+
GAB-A/Gizal 7? 0.73 0.36 5054 10,82+ 0.6 -19.20%* 1140+ 17,95+ 30,76+ =743
GAB-AFRS 144 §.27+ 5.334+ 5.21%+ ElE -1.82 14.77%= 14.06%= 37114 16.00%=
GAB-AFRA 3.2 25T+ §.14%+ 5. 20w 5,784 117.0%= 11.45%= 5.81** 58.554= 30.13%=
GAB-A/GZII0R 381+ 5.08%+ 1254+ 17.77+= 75T 20 TR= 12.08*= B.71** 40,23+ 23.05**
LED 0.05% 1.83 180 1.48 233 108 241 043 187 0.14 0.33
0.01% | 2.46 241 1.28 341 143 3.2% 0.61 231 013 0.48

Crosses Spikelet fertility 10{00-gram weight (2) (Grain yield/plant (g) Hat+ E+
TRA2625 4 Gizal 70 L 50+ ENEE 2274 0.37%* 34874 33.48%= =383 -13.15%* 3,404 433
IRAI625AERS N 256 16544+ 15,62+ 43.07%= 11.82%= =3280 -13.774* 1.14%* 1.47%=
TRA2625ABRSE 0.73 -1 E0** 2104+ 12.16** 3019+ 13,154 RS 1.51%* B14%* 10.77**
TRA2625AFE0300 S 11.60%= 0,084 13.80%= 47.00%= 11.85%= -5 7T -107 5,204 5,914
G464/ Gizal 78 RS 10.00+= 0,084 0.16 N 078 B.o44+ 290+ 5,734+ T4
G4EATES 4.30ee 117.0+= -1.34%* 10.19%= 35884 B3.05e= -5.35% -1.95% 2254 2,004
G4EATES L B3+ B1.40+= N 0354 361+ 23374 3333 11.2+* S.E1** 7584
G4EA/GE0399 4444 4020+ REIS 12.19%= 56,50 50.34+= 3333 112+ Q304+ 12,13+
GAB-A/Gizal 72 =300+ TETH R 4,444+ 43,864 408 13.334+= 4.80%* 10.86+* 14.07*=
GAB-APES B 100 0+= 0.5 2874 5861 §3.33+= 0.00 0.00 =56 O
GAB-ATRE -1.02 132 0+= 2134+ 1313+ 4510+ 1131+ BG.GT*= ET L% =526
GAB-A/GZRI00 -1.14 4580+ 2124+ 12.65%= 3081 G418+ 33.353* 12.00+= 2.5 3764
LED 0.05%% 148 B 0.0 0.37 1.43 143 0.0 041 043 032

0.01% 1.99 4388 0.27 0.77 221 320 0.27 0.54 0.61 .43

5. Conclusions

Finally based on this investigation the following
genotypes could use in breeding program and expected
improvement in such traits under normal and saline con-
dition, G46A, PR6, GZ9399, Gizal79 and GAB-A as a
good donor. G46A/PR6, G46A/PR5, GAB-A/ PR6 and
IR69625A/Gizal79 could use as a good cross.
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