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ABSTRACT

Rice is a major staple food crop worldwide, but its production is greatly affected
by water deficit. Therefore developing rice drought tolerant genotypes is essential,
especially, under current water shortage conditions. The present investigation was
carried out at the Experimental Farm of Rice Research Department, Sakha Agricultural
Research Station, Kafr El-Sheikh, Egypt during 2017 and 2018 summer seasons using
seven diverse rice genotypes. All possible cross combinations excluding reciprocals were
made among the seven genotypes, giving 21 F1 crosses. The seven parental genotypes and
their 21 F1 crosses were evaluated in two separate experiments under normal and water
deficit conditions. Randomized complete block design (RCBD) with three replications
was used for each experiment. The objective was to estimate combining ability, heterosis
and nature of gene action for nine traits under normal and water deficit conditions. The
results indicated that water deficit significantly decreased the means of all studied traits
for parents and their hybrids. Highly significant differences were found among
genotypes, parents and crosses for all the studied traits under normal and stress
conditions. Mean squares due to parents vs. crosses (average heterosis) were significant
for all the studied traits. General (GCA) and specific (SCA) combining ability mean
squares were highly significant for all the studied traits under both normal and stress
conditions. The non-additive gene action played an important role in the inheritance of
the majority of the studied traits. The parents Sakha 102 and Sakha 106 showed the best
desirable GCA effects for earliness, whereas the parents Giza 178, Sakha 104 and IET
1444 appeared to be the best general combiners for grain yield/plant and some of its
components. The seven crosses (Giza 178 x Sakha 102), (Sakha 104 x IET 1444), (IRAT
170 x IET 1444), (IRAT 170 x Moroberekan), (Moroberekan x Sakhal06) and
(Moroberekan x Sakhal02) had the best SCA effects for grain yield/plant as well as one
or more of its components under both conditions. Moreover, the three crosses (Sakha 104
x |[ET 1444), (IRAT 170 x IET 1444) and (Moroberekan x Sakhal02) showed significant
and desirable better parent heterosis (heterobeltiosis) for grain yield/plant under both
conditions. Hence, these hybrids would be valuable in rice breeding for improving
yielding ability under normal and water deficit conditions.
Key words: Rice, Water deficit, Combining ability, Heterosis, Type of gene action.

INTRODUCTION

Rice (Oryza sativa L.) is one of the major important cereal crops
consumed by more than one-third of the world’s population (Oladosu et al
2018). The production of rice is severely affected by several constraints,
including drought or water deficit (Sahebi et al 2018). It is estimated that
50% of the world rice production is affected by drought (Boumanet et al
2005). Water deficit stress reduces the growth and development of rice
plants and severely affects different traits (Wang et al 2019). These involve
reduction of plant height, panicle length, leaf area, increased spikelet



sterility, decreased photosynthetic capacity and reduced number of panicles
per unit area (Yue et al 2006, Serraj et al 2009 and Farooq et al 2010). The
reduced biomass at the vegetative stage and lower number of filled grains at
the reproductive stage under drought stress severely reduce the final yields
(Fukai 1999 and Verulkar et al 2010). It has been reported that grain yield
of various rice genotypes is tremendously reduced by more than 50% under
drought condition (Pantuwan et al 2002). This reduction depends on
duration, timing and severity of the water stress (Kumar et al 2014).
Increasing scarcity of water resources makings today objective of rice
breeders in Egypt is developing new highly yielding varieties with efficient
water use to save more water without significant fall in rice grain yield.

The development of such genotypes requires a good knowledge of
the type of gene action controlling the inheritance of the contributing traits
to drought tolerance. Diallel analysis is commonly used to gain information
on gene action controlling traits of interest, and the combining ability of the
parents (Griffing, 1956). The genetic parameters general (GCA) and specific
(SCA) combining ability are necessary for selection of suitable parents for
hybridization and identification of promising hybrids (Muthuramu et al 2010).
The GCA and SCA are primarily attributed to additive and non-additive
effects, respectively. In this concern, El-Refaey et al (2009), El-Hity et al
(2016) and Farid et al (2016) found that the additive genetic effects play a
major role in inheritance of grain yield/plant. On the contrary, Muhammad et
al (2010), Sedeek et al (2012), Hasan et al (2015), Sathya and Jebaraj (2015),
Elgamal et al. (2018) and El-Sayed et al (2018) reported that the non-additive
gene effects were more important in the inheritance of rice grain yield and
most of its components under normal and water deficit conditions.

The objectives of the present study were to: (1) evaluate the
performance of seven rice genotypes and their F1 crosses under normal and
water deficit conditions (2) estimate combining ability, heterosis and type of
gene action of the studied traits (3) identify the superior parents and F1
crosses to be used in rice breeding programs under target environments.
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MATERIALS AND METHODS
The present study was carried out at the Experimental Farm of Rice
Research Department, Sakha Agricultural Research Station, Kafr EI-Sheikh,
Egypt, during 2017 and 2018 growing summer seasons. Seven rice (Oryza
sativa L.) genotypes which represented a wide range of diversity were used
as parents in this study (Table 1).

Table 1. Name, parentage, origin and type of the seven rice genotypes used
in the present study.

Name Parentage Origin Type
Giza 178 Giza 175 / Milyang 49 Egypt Indica/Japonica
Sakha 104 GZ 4096-8-1/GZ4100-9-1 |Egypt Japonica
IRAT 170 IRAT13/Palawan Cote dlvoire Indica
IET 1444 TN 1/CO 29 India Indica
Moroberekan IR 8-24-6- (M307 H5) Guinea (West Africa) |Tropical japonica
Sakha 106 Gizal77/Hexi30 Egypt Japonica
Sakha 102 GZ4096/Gizal77 Egypt Japonica

In 2017 season, the parental genotypes were sown at three different
sowing dates in order to overcome the differences in flowering time. All
possible cross combinations (excluding reciprocals) were made among the
seven genotypes, to obtain seeds of 21 Fi crosses. Bulk emasculation
method was practiced by using hot water technique according to Jodan
(1938) and modified by Butany (1961). In 2018 season, the 28 entries
(seven parents and 21 F1 hybrids) were evaluated in two separate irrigation
experiments. The first experiment (normal condition) was irrigated normally
with continuous flooding. The second was irrigated every 12 days without
any standing water (water deficit condition). The parents and their F1
crosses were sown in the nursery on the first week of May and the seedlings
were transplanted individually after 30 days. The two experiments were
designed in a randomized complete block design with three replications.
Each plot consisted of three rows of each parent and Fi cross in each
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replication. Each row was 5.0 m long and spaces between rows were 20 cm
with 20 cm between plants. All other agricultural rice practices were applied
at the proper time according to Rice Research and Training Center (RRTC,
2016). The studied characters were days to heading (day), plant height (cm),
flag leaf area (cm?), chlorophyll content (SPAD unit) measured by Hand-
held chlorophyll meter (SPAD-502; Minolta Sensing Co., Ltd, Japan), No.
of panicles/plant, panicle length (cm), spikelet fertility %, 100-grain weight
(g) and grain vyield/plant (g). Analysis of variance for each experiment
(normal and stress conditions) was done according to Snedecor and Cochran
(1989). Combining ability analysis was performed according to Griffing’s
(1956) method 2 model 1. Heterosis percentages relative to better parent
(heterobeltiosis) were calculated according to Mather and Jinks (1982).
RESULTS AND DISCUSSION

Analysis of variance

Analysis of variance (Table 2) showed that the mean squares due to
genotypes, parents and F1 crosses were highly significant for all studied
traits under both normal and water deficit conditions. This indicates the
presence of sufficient genetic variability among the studied genotypes,
which is considered adequate for further biometrical assessment. High genetic
divergence among rice parents and their F1 crosses for different characters
under normal and water deficit conditions was reported by EI-Hity et al
(2015), Farid et al (2016), Elgamal et al (2018) and El-Sayed et al (2018).

Mean squares due to parents vs. crosses were significant or highly
significant for all the studied traits under both conditions, suggesting the
presence of significant heterosis for all the studied traits.

Results in (Table 2) showed that both general (GCA) and specific (SCA)
combining ability mean squares were highly significant for all the studied traits
under normal and water deficit conditions. These results would indicate the
importance of both additive and non-additive gene effects in the inheritance
of these traits. The ratio of GCA/SCA was less than unity for all the studied
traits, except plant height under both conditions and No. of panicles/plant
under water deficit condition, indicating that these traits were predominantly
controlled by the non-additive type of gene action.
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Table 2. Mean squares from ordinary and combining ability analysis
for all the studied traits under normal and water deficit

conditions.
Days Plant height Flag leaf area
SOV df to heading (cm) (cm?)
Normal Stress Normal Stress Normal Stress
Replications 2 1.25 1.65 2.33 3.54 0.68 0.88
Genotypes (G) 27 99.54** | 107.09** | 356.81** | 270.16** | 139.26** | 133.69**
Parents (P) 6 149.51** | 157.05** | 675.39** | 291.31** | 16.30** | 30.87**
F1 Crosses (C) 20 89.35** | 95.39** | 275.21** | 266.03** | 178.10** | 164.99**
Pvs.C 1 3.38* 41.36%* 77.29%* | 225.89** | 100.17** | 124.73**
GCA 6 357.30** | 389.38** | 1051.46** | 717.99** | 233.57** | 208.92**
SCA 21 25.89** | 26.43** | 158.33** | 142.21** | 112.32** | 112.20**
Error 54 0.57 0.97 151 1.58 0.54 0.34
K2GCA/K?SCA 1.57 1.69 0.74 0.57 0.23 0.21
Chlorophyll No. of Panicle length
SOV df content (SPAD) panicles/plant (cm)
Normal Stress Normal Stress Normal Stress
Replications 2 0.62 0.82 1.34 2.25 0.62 0.74
Genotypes (G) 27 52.99** | 55.04** 28.22** 27.84** 10.30** | 16.14**
Parents (P) 6 19.60** | 22.64** 21.37** 34.21** 3.92** 12.85**
F1 Crosses (C) 20 65.49** | 67.39** 31.563** 27.15** | 12.66** | 17.82**
P vs. C 1 3.25** 2.46* 3.03* 3.41* 1.37* 2.31*
GCA 6 79.54** | 88.48** 82.69** 95.68** | 13.63** | 25.91**
SCA 21 45.40** | 45.48** 12.65** 8.46** 9.35*%* | 13.35**
Error 54 0.32 0.57 0.74 0.81 0.32 0.37
K2GCA/K3SCA 0.20 0.22 0.76 1.38 0.16 0.22
Spikelet fertility 100-grain Grain
SOV df %) Weight (g) yield/plant (g)
Normal Stress Normal Stress Normal | Stress
Replications 2 1.19 175 0.03 0.05 1.55 2.13
Genotypes (G) 27 132.08** | 87.33** 0.10** 0.10** 66.76** | 54.72**
Parents (P) 6 15.72%* | 47.77** 0.07** 0.08** | 100.09** | 20.91**
F1 Crosses (C) 20 121.52** | 85.23** 0.12** 0.10** 54.29** | 67.09**
Pvs. C 1 1041.51** | 366.78** 0.06* 0.22** 116.38** | 10.10*
GCA 6 122.27** | 176.50** 0.15** 0.13** 188.04** | 89.05**
SCA 21 134.88** | 61.86** 0.09** 0.09** 32.12** | 44.91**
Error 54 0.91 1.08 0.01 0.02 1.29 151
K2GCA/K2SCA | 0.10 0.32 0.20 0.18 0.67 0.22

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
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These results are in general agreement with those obtained by
Muhammad et al (2010), Saidaiah et al (2010), Abd El-Hadi et al (2014),
Hasan et al (2015), Sathya and Jebaraj (2015), Elgamal et al (2018) and El-
Sayed et al (2018). For the exceptional traits, the ratio of GCA/SCA was
more than unity, indicating the preponderance of the additive gene action in
controlling the inheritance of these traits. Similarly, EI-Hity et al (2016)
recorded predominance of the additive gene effects in controlling the
inheritance of plant height and number of panicles/plant.

Mean performance

Mean performance of the seven parents and their 21 F1 crosses under
normal and water deficit conditions for all the studied traits are shown in Table 3.
The results revealed that rice genotypes greatly differed in their responses
under both conditions for all the studied traits. Moreover, water deficit
caused great reductions in all the studied traits compared with normal
irrigation. These results are in good agreement with those reported by Abd
Allah et al (2010), Sedeek et al (2012) and Elgamal et al (2018).

For days to heading, the parents Sakhal02, Sakhal06 and Gizal78
and the cross combinations (Giza 178 x Sakha 102), (Sakha 106 x Sakha
102), (IRAT 170 x SakhalO6) and (IET 1444 x Sakhal02) exhibited the
desirable mean values towards the earliness under both normal and water
deficit conditions.

Regarding plant height, Giza 178, IET 1444 and Sakha 106 were the
shortest parents while, Moroberekan and IRAT 170 were the tallest ones
under both normal and water deficit conditions. The three crosses (Sakha
104 x Sakha 106), (IRAT 170 x Sakhal06) and (IET 1444 x Sakhal02) had
the lowest desirable mean values towards dwarfing under both conditions.

Meanwhile, the two crosses (IRAT 170 x Moroberekan) and (IET
1444 x Moroberekan) expressed the highest mean values under stress and
non-stress conditions. A significant reduction in plant height was observed
under water deficit condition in all of the studied rice genotypes compared
to normal condition. The reduction of plant height in response to water
deficit agree with previous results of Henry et al (2016) and El-Sayed et al
(2018).
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Table 3. Mean performance of the seven parental rice genotypes and
their 21 F1 for all studied traits under normal and stress
conditions during 2018 season.

Days to Plant height | Flag leaf area | Chlorophyll
Genotypes heading (cm) (cm?) content (SPAD)

Normal| Stress |Normal| Stress [Normal| Stress |Normal| Stress

Giza 178 104.30 | 102.90 | 10050 | 9363 | 3090 | 2750 | 44.92 | 4050

Sakha 104 106.43 | 10450 | 10560 | 96.60 | 31.80 | 2430 | 4160 | 39.72

IRAT 170 106.89 | 103.20 | 12850 | 11030 | 3526 | 2810 | 39.81 | 36.37

IET 1444 107.88 | 101.30 | 10450 | 90.80 | 31.14 | 2413 | 4102 | 3580
Moroberekan 11595 | 11080 | 13960 | 11630 | 3460 | 2932 | 4570 | 41.47
Sakha 106 9760 | 9320 | 10230 | 9200 | 3514 | 3012 | 4304 | 3523

Sakha 102 9450 | 89.30 | 11070 | 9650 | 2953 | 2133 | 3882 | 34.93

Giza 178 x Sakha 104 | 10520 | 104.00 | 11230 | 9860 | 37.63 | 30.32 | 46.50 | 43.04
Giza178 x IRAT 170 | 10250 | 101.30 | 109.30 | 9640 | 21.10 | 1630 | 4642 | 42.83
Gizal78 x IET 1444 | 10520 | 10350 | 122.70 | 105.70 | 2154 | 1381 | 4041 | 37.80
Giza 178 x Moroberekan| 112.00 | 110.60 | 117.60 | 10280 | 19.70 | 1273 | 49.80 | 4352
Giza 178 x Sakha 106 | 100.80 | 96.30 | 11880 | 10040 | 20.73 | 14.73 | 3857 | 36.07
Giza 178 x Sakha 102 9420 | 9300 | 11330 | 9460 | 1921 | 1312 | 3343 | 3047
Sakha 104 x IRAT 170 | 110.40 | 108.80 | 106.00 | 100.30 | 30.21 | 23.70 | 37.20 | 32.90
Sakha 104 x IET 1444 | 105.10 | 104.00 | 110.73 | 10256 | 3260 | 2652 | 4322 | 38.40
Sakha 104 x 11130 | 109.20 | 12684 | 11576 | 3432 | 2780 | 4240 | 35.10
Sakha 104 x Sakha 106 | 10060 | 9850 | 9720 | 9150 | 2740 | 20.70 | 4050 | 37.04
Sakha 104 x Sakha 102 | 10040 | 97.00 | 11086 | 10656 | 3754 | 3062 | 3740 | 34.20
IRAT 170 x IET 1444 | 102.30 | 102.80 | 115.70 | 10500 | 3097 | 2820 | 47.03 | 4050
IRAT 170 x Moroberekan| 104.60 | 10350 | 132.00 | 122.30 | 4030 | 3360 | 49.30 | 4552
IRAT 170 x Sakhal06 | 9850 | 95.00 | 10260 | 91.00 | 4180 | 3320 | 50.26 | 46.60
IRAT 170 x Sakhal02 | 103.60 | 100.70 | 115.60 | 10040 | 3223 | 2758 | 4093 | 3531
IET 1444 x Moroberekan| 113.20 | 111.43 | 13000 | 121.00 | 3092 | 24.02 | 4390 | 34.20
IET 1444 x Sakhal06 | 106.00 | 101.60 | 12050 | 11050 | 24.30 | 19.10 | 40.80 | 3270
IET 1444 x Sakhal02 | 100.10 | 98.30 | 10300 | 9500 | 1992 | 1323 | 3940 | 3257
Moroberekan x Sakhal06| 110.80 | 10850 | 12820 | 11580 | 43.03 | 36.00 | 4440 | 36.90
Moroberekan x Sakhal02| 109.52 | 108.03 | 122,00 | 10200 | 3220 | 2462 | 36.70 | 30.82
Sakha 106 x Sakha 102 | 94.60 | 9360 | 10639 | 89.75 | 3450 | 2540 | 4570 | 37.27

LSD 0.05 124 161 201 206 121 0.95 093 124

LSD 0.01 165 2.14 2.68 2.74 161 127 124 1.65
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Table 3. Cont.

No. of Panicle length | Spikelet fertility| 100-grain | Grain yield/plant

Genotypes panicles/plant (cm) (%) weight (9) g
Normal |StressNormal| Stress [Normal| Stress |Normal| Stress| Normal | Stress
Giza178 2230 [2057| 2360 [ 2270 9410 | 87.83 | 238 | 222 | 4319 | 3350
Sakha 104 2150 [19.15| 2392 (1800 9570 | 8470 | 272 | 263 | 4650 | 3130
IRAT 170 1512 [1260| 2392 |2071| 91.90 | 8480 | 255 | 230 | 37.60 | 29.82
IET 1444 1950 [17.12| 2303 | 1970 | 91.60 | 8558 | 268 | 252 | 3680 | 3050
Moroberekan 1670 |14.50| 2520 | 2330 89.80 | 7950 | 276 | 262 | 2960 | 2530
Sakha 106 2122 [1670] 2152 [ 1832 9470 | 7880 | 272 | 227 | 4450 | 2024
Sakha 102 1832 [11.30| 2280 1920 9575 | 7750 | 282 | 232 | 4183 | 2754
Gizal78x Sakha104 | 2523 |2080| 27.03 | 2280 | 9220 | 8370 | 283 | 268 | 4700 | 3341
Gizal78x IRAT170 | 1650 (1420 24.70 | 21.00| 88.70 | 81.60 | 279 | 264 | 3961 | 3671
Gizal78x IET 1444 | 2480 [2052| 2370 | 2025| 9358 | 8380 | 245 | 235 | 4190 | 30.73
Giza 178 x Moroberekan| 17.80 |14.90| 26.04 | 2350 85.30 | 8280 | 261 | 244 | 3854 | 3260
Gizal78x Sakha106 | 2362 |19.04] 2430 | 2070 | 7650 | 7720 | 276 | 245 | 4570 | 3220
Gizal78x Sakha102 | 22.80 |17.20] 2370 | 21.30| 8040 | 7583 | 292 | 273 | 4853 | 3380
Sakha104 x IRAT170 | 2154 [1850| 2400 |20.80 | 9250 | 8360 | 289 | 275 | 3952 | 3120
Sakha104 x IET 1444 | 2459 [20.78| 2389 | 2252 | 94.87 | 8756 | 291 | 260 | 4891 | 3850
ﬁi’:gﬁelrg“k;n 1850 [1560| 20.70 | 1830 | 87.50 | 80.80 | 278 | 257 | 41.90 | 3050
Sakha104 x Sakha 106 | 21.60 [17.54| 21.12 | 1750| 9053 | 69.70 | 292 | 261 | 4784 | 2884
Sakha104xSakh102 | 2053 [1250| 1882 | 1540 | 8880 | 69.60 | 288 | 265 | 4754 | 27.80
IRAT 170 x IET 1444 | 2082 [1560| 1870 | 1353 8150 | 7750 | 251 | 225 | 4162 | 3661
&Eﬁ;ﬁ;‘n 1720 |1290| 2270 | 19.10| 8070 | 7820 | 288 | 264 | 37.20 | 3080
IRAT 170 x Sakhal06 | 2050 |15.80| 2321 | 22.30| 81.80 | 7156 | 273 | 260 | 4360 | 2294
IRAT 170 x Sakha102 | 1580 |12.60| 21.80 | 1860 | 7250 | 70.40 | 230 | 217 | 3294 | 1953
IET 1444 x Moroberekan 1671 |13.30| 24.60 | 2010 | 8020 | 7750 | 256 | 244 | 3950 | 30.80
IET 1444 x Sakhal06 | 1833 [1450] 22.90 | 1922 8250 | 7850 | 270 | 259 | 4230 | 2830
IET 1444 x Sakhal02 | 1520 [11.92] 2312 [ 2050 7450 | 7070 | 230 | 218 | 3892 | 2262
Moggmgel'(‘g”x 1752 |1260| 2461 | 2160 | 87.70 | 8123 | 294 | 274 | 4253 | 3392
MO;;&S';Z“X 1510 |1342| 2350 | 2082 | 8820 | 7990 | 270 | 259 | 4460 | 29.79
Sakha106 x Sakha102 | 1850 [11.82| 2263 | 17.90| 89.40 | 7312 | 280 | 264 | 4694 | 2682
LSD 005 141 |[147] 093 | 099 | 156 | 170 | 019 | 022 | 186 | 201
LSD001 188 |196| 124 | 132 | 208 | 227 | 025 [ 030 | 247 | 268
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This reduction might be associated with a decline in cell division and
expansion under water deficit conditions (Kamoshita et al 2008)

With respect to flag leaf area, the parents IRAT 170, Sakha 106 and
Moroberekan as well as the crosses (Moroberekan x Sakhal06), (IRAT 170
x Sakhal06) and (IRAT 170 x Moroberekan) gave the highest mean values
under both normal and stress conditions. Conversely, the parent Sakha 102
and the cross Giza 178 x Sakha 102 recorded the lowest mean flag leaf area
under both conditions.

The two parents Morobreakeon and Giza 178 as well as the three
crosses (IRAT 170 x Sakhal06), (Giza 178 x Moroberekan) and (IRAT 170
x Moroberekan) had the highest mean values of chlorophyll content under
normal and stress conditions. Water deficit decreased chlorophyll content in
the leaves of all the tested genotypes. The reduced chlorophyll is constantly
correlated with the deficiency of photosynthesis. Huang et al (2004)
reported that drought stress decreased chlorophyll content and affected the
photosynthetic rate in rice.

For number of panicles/plant, the three parents Giza 178, Sakha 104
and Sakha 106 as well as the three crosses (Giza 178 x Sakha 104), (Giza
178 x IET 1444) and (Sakha 104 x IET 1444) under both normal and water
deficit conditions produced the highest number of panicles/plant. As shown
in Table (3), among the parents IRAT 170 under normal condition, Giza 178
under stress condition and Moroberekan under both conditions showed the
longest panicles. Moreover, the cross Giza 178 x Sakha 104 under normal
condition and the cross Giza 178 x Moroberekan under stress condition had
the longest mean panicle length. For spikelet fertility %, the parents Sakha
102 and Sakha 104 under normal condition and Giza 178 and IET 1444
under stress condition recorded the highest fertility mean values. Also, the
highest mean values were obtained from the crosses (Sakha 104 x IET
1444) and (Giza 178 x IET 1444) under both conditions. Concerning 100-
grain weight, results showed that the parent Sakha 102 under normal
condition, Sakha 104 under stress condition and Moroberekan under both
conditions showed relatively high mean values for such trait. Meanwhile,
the parent Giza 178 showed the lowest mean values under both conditions.
Regarding the crosses performance it is apparent that the crosses
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(Moroberekan x Sakhal06), (Sakha 104 x Sakha 106) and (Giza 178 x
Sakha 102) gave the heaviest grains under both conditions.

For grain yield/plant among the parents Sakha 106 under normal
condition, IET 1444 under stress condition and Sakha 104 and Giza 178
under both conditions exhibited the highest mean values for this trait.
Moreover, the crosses (Sakha 104 x Sakha 106) and (Giza 178 x Sakha
102) under normal condition, (Giza 178 x IRAT 170) and (IRAT 170 x IET
1444) under stress condition and (Sakha 104 x IET 1444) under both
conditions had the highest grain yield/plant. These parents and crosses could
be used in rice breeding programs for improving grain yield under such
conditions. These results are in harmony with those reported by El-Hity et al
(2016) and EI-Sayed et al (2018).

General combining ability (GCA) effects
Estimates of general combining ability (g, ) effects of the seven parents

under normal and stress conditions are presented in Table 4. High positive
values of (g,) effects would be of interest for all studied traits in question,

except days to heading and plant height where high negative values would be
useful from the breeder point of view. The parental cultivar Giza 178 showed
highly significant and negative ( g,) effects for days to heading under normal
condition and plant height under both conditions. Moreover, it showed
significant and positive (g,) effects for chlorophyll content, number of
panicles/plant, panicle length, spikelet fertility and grain yield/plant under
both normal and stress conditions. This indicates that this parent could be
considered as a good combiner for earliness and high grain yield/ plant. The
parent Sakha 104 gave highly significant and negative (g, ) effects for plant
height and showed highly significant and positive ( g, ) effects for flag leaf area,

number of panicles/plant, spikelet fertility, 100-grain weight and grain
yield/plant under both normal and stress conditions. The parental genotype
IRAT 170 exhibited highly significant and positive (§,) effects for flag leaf

area and chlorophyll content under both conditions. However, it gave
significant undesirable or insignificant (g, ) effects for other traits.
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Table 4. General combining ability (g, ) effects of the seven parents for
all the studied traits under normal and stress conditions.

Parent

Days to heading

Plant height (cm)

Flag leaf area (cm?)

Normal Stress Normal Stress Normal Stress
Giza 178 -0.78** -0.13 -2.57** -3.62** -4.91*%* -4.26**
Sakha 104 1.14** 1.65*%* 477 -1.09%* 1.94** 1.55**
IRAT 170 0.01 031 2.23%* 1.97%* 2.36™* 2.72%*
IET 1444 1.34** 0.95** -0.72** 034 -2.59** -2.35%*
Moroberekan 6.42** 6.35** 13.08** 10.44** 2.65** 257**
Sakha 106 -3.23** -3.97** 442+ -3.93** 1.80** 1.67**
Sakha 102 -4.90** -5.16** -2.84%* -4.11%* -1.24** -1.90**
LSD 0.05 (ai) 0.27 0.35 044 045 0.26 0.21
LSD 0.01( ai) 0.36 047 0.58 0.60 0.35 0.28
LSD 0.05 (gi-ai) 041 054 0.67 0.69 040 0.32
LSD 0.01( 0i-0i) 054 071 0.88 091 053 042

Parent Chlorophyll content (SPAD)| No. of panicles/plant | Panicle length (cm)
aren

Normal Stress Normal Stress Normal Stress
Giza 178 0.58** 171** 2.09%* 252** 1.23** 167+
Sakha 104 -1.04** 0.08 2.05** 2.10** -0.25* -0.73**
IRAT 170 1.22** 1.89%* -1.55%* -1.15%* -0.30** -0.35**
1ET 1444 -0.33** -1.29%* 0.32* 0.64** -0.30** -0.49**
Moroberekan 2.01** 1.07** -2.26%* -1.49** 0.77** 1.12%*
Sakha 106 0.73** -0.26 0.66** -0.05 -043** -045**
Sakha 102 -3.17%* -3.21** -1.33** -2.56™* -0.72%* -0.78**
LSD 0.05 (ai) 0.20 0.27 031 032 0.20 022
LSD 0.01( i) 0.27 0.36 041 043 0.27 0.29
LSD 0.05 (ai-ai) 031 041 047 049 031 0.33
LSD 0.01( gi-gi) 041 0.55 0.62 0.65 041 044

Spikelet fertility (%0)

100-grain weight (g)

Grain yield/plant (g)

Parent

Normal Stress Normal Stress Normal Stress
Giza 178 0.75** 3.13** -0.06** -0.04 1.26** 2.76**
Sakha 104 4.41*%* 1.33** 0.11** 0.12** 3.26%* 1.25**
IRAT 170 -1.85*%* 0.00 -0.05* -0.03 -2.96** -0.46*
IET 1444 -0.86** 1.59** -0.10** -0.06* -1.06** 0.77**
Moroberekan -0.99*%* 0.78** 0.04* 0.06* -3.65** -0.29
Sakha 106 -0.03 -2.61*%* 0.07*%* 0.01 2.40** -1.12%*
Sakha 102 -1.42** -4.21*%* -0.01 -0.06* 0.76** -2.91**
LSD 0.05 (gi) 0.34 0.37 0.04 0.05 041 044
LSD 0.01( gi) 045 050 0.05 0.07 0.54 0.58
LSD 0.05 (gi-qi) 0.52 057 0.06 0.08 0.62 0.67
LSD 0.01( 0i-0i) 0.69 0.76 0.08 0.10 081 0.89

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




The parental genotype IET 1444 expressed highly significant and
negative (g,) effects for plant height under normal condition. Also, it gave

highly significant and positive (g,) effects for panicle length under both

conditions as well as spikelet fertility and grain yield/plant under stress
condition. The parental genotype Moroberekan seemed to be suitable
combiner for flag leaf area, chlorophyll content, panicle length under both
conditions and spikelet fertility under stress condition, since it had positive
and significant (g,) values for these traits. The parent Sakha 106 showed

highly significant and negative (§,) effects for days to heading and plant

height under both conditions and gave highly significant and positive effects
for flag leaf area under both conditions as well as chlorophyll content,
number of panicles/plant, 100-grain weight and grain yield/plant under
normal condition. The parent Sakha 102 exhibited highly significant and
negative (§,) effects for days to heading and plant height under both

conditions and showed positive and significant (g,) effects for grain

yield/plant under normal condition. Such results indicated that these parents
possess favorable genes and that improvement in respective traits may be
attained if they are incorporated in rice hybridization program. It is worth
noting that the parents which possessed high (g,) effects for grain yield

exhibited desirable (§,) effects for one or more of the traits contributing to

grain yield. These results are in agreement with those reported by Sedeek et
al (2012) and Abd El-Hadi et al (2014).
Specific combining ability (SCA) effects

Estimates of specific combining ability (s,) effects of the 21 Fi
crosses for all the studied traits under normal and stress conditions are
presented in Table (5). For days to heading, ten and six cross combinations
had highly significant and negative (s,) effects under normal and stress
conditions, respectively. The highest estimated negative values were
recorded by the crosses (Giza 178 x Sakha 102), (Sakha 104 x Sakha 106),
(IRAT 170 x Moroberekan) and (IRAT 170 x SakhalO6) under both
conditions. These crosses could be utilized in rice breeding program for
improving earliness.
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For plant height, the data showed that the eight crosses (Giza 178 x
IRAT 170), (Giza 178 x Moroberekan), (Sakha 104 x IRAT 170), (Sakha
104 x Sakha 106), (IRAT 170 x Sakhal06), (IET 1444 x Sakhal02),
(Moroberekan x Sakhal02) and (Sakha 106 x Sakha 102) under both
normal and stress conditions expressed highly significant and negative (s,)
effects towards shortness.

Regarding flag leaf area, the two crosses (IRAT 170 x IET 1444)
and (IRAT 170 x Sakhal02) under stress and the seven crosses (Giza 178 x
Sakha 104), (Sakha 104 x IET 1444), (Sakha 104 x Sakha 102), (IRAT 170
x Moroberekan), (IRAT 170 x Sakhal06), (Moroberekan x Sakhal06) and
(Sakha 106 x Sakha 102) under both conditions exhibited highly significant
and positive (s,) effects. Therefore, these crosses are considered as good
specific combiners for improving this trait under such conditions. The eight
crosses (Giza 178 x Sakha 104), (Giza 178 x IRAT 170), (Giza 178 x
Moroberekan), (Sakha 104 x IET 1444), (IRAT 170 x IET 1444), (IRAT
170 x Moroberekan), (IRAT 170 x Sakhal06) and (Sakha 106 x Sakha 102)
had highly significant and positive (s,) effects for chlorophyll content
under both normal and stress conditions. Concerning number of
panicles/plant, the results indicated that highly significant and positive (s,)
effects were observed in the three crosses (Giza 178 x Sakha 104), (IRAT
170 x IET 1444), (IRAT 170 x Moroberekan) under normal condition, the
cross (Moroberekan x Sakhal02) under stress condition and the six crosses
(Giza 178 x IET 1444), (Giza 178 x Sakha 106), (Giza 178 x Sakha 102),
(Sakha 104 x IRAT 170), (Sakha 104 x IET 1444) and (IRAT 170 x
Sakhal06) under both conditions. These crosses could be used in rice
breeding program to improve number of panicles/plant under such
conditions. For panicle length, the three crosses (Giza 178 x IRAT 170),
(IET 1444 x Moroberekan), (Sakha 106 x Sakha 102) under normal
condition and the seven crosses (Giza 178 x Sakha 104), (Giza 178 x
Moroberekan), (Sakha 104 x IRAT 170), (Sakha 104 x IET 1444), (IRAT
170 x Sakhal06), (IET 1444 x Sakhal02) and (Moroberekan x Sakhal06)
under both normal and stress conditions had significant and positive (s, )

effects.
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Table 5. Estimates of specific combining ability (éi,-) effects of the 21 F:
crosses for all the studied traits under normal and stress

conditions.
Days to Plant height Flag leaf area Chlorophyll
Cross heading (cm) (cm?) content (SPAD)
Normal | Stress | Normal | Stress | Normal | Stress | Normal | Stress
Giza 178 x Sakha 104 040 | 052 | 488 | 102 | 987** | 874** | 449* |383**
Giza 178 x IRAT 170 -LA7% | 084 | 543 | A24%% | -700%* | -645%* | 2.15%* | 1.81%*
Giza 178 x IET 1444 020 | 072 | 11.22%% | 669** | -1.69** | 387 | 231* | 0.04
Giza 178 x Moroberekan 1920 | 242%* | 768%* | -631** | 877 | 987 | 474 | 332+
Giza 178 x Sakha 106 037 |-155%%| 11.03** | 566** | -689** | -698** | -5.21** |-2.80**
Giza 178 x Sakha 102 -456** |-367*%| 394* | 004 | 537** | 502 | 645 |-545**
Sakha 104 x IRAT 170 480 | 488** | -6.22** | 286** | -482%* | -486™ | -545** |-650**
Sakha 104 x IET 1444 -1.83** | 056 | 146™ | 102 | 252 | 303** | 212 |2.18**
Sakha 104 x Moroberekan | -0.71* | 076 | 377** | 412 | -1.00™ | -061* | -105** |-347**
Sakha 104 x Sakha 106 -176% | -113% | 837 | 577 | 707 | -681%* | -166** | -0.21
Sakha 104 x Sakha 102 028 |-144%*| 371% | 947 | 611** | 668 | -086™ | 010
IRAT 170 x |ET 1444 -350** | -042 | -058 041 047 | 355** | 367 |248**
IRAT 170 x Moroberekan | 528** |-512**| 1.92** | 761** | 456™ | 403** | 359 |5.14**
IRAT 170 x Sakhal06 273 |-330%%| -997** | 933 | 691** | 452** | 584+ | 7550
IRAT 170 x Sakhal02 405** |359%*| 144* | 026 038 | 247 | 041 |-080*
IET 1444 x Moroberekan | 099 | 217**| 287 | 793" | 013 | -048 | -026 |-300**
IET 1444 x Sakhal06 344% | 2.66™ | 10.88** | 11.80** | 564 | -451** | 207 |-317**
IET 1444 x Sakhal02 0.78* | 055 | -821** | 352 | -698** | 681** | 043 | -0.35
Moroberekan x Sakhal06 | 317+ | 416%*| 478 | 700 | 785** | 747 | -081** |-1.33**
Moroberekan x Sakhal02 | 356** | 485 | -301** | -6.62** | 007 034 | -461* |-446™*
Sakha 106 x Sakha 102 -1.71% | 078 | -141* | -450%* | 321%* | 134** | 568 |3.32**
LSD 5% (si) 067 | 087 | 109 111 0.65 051 050 | 067
LSD 1% (si) 089 | 116 | 145 148 0.87 068 067 | 089
LSD 5% (i-Sik) 117 | 152 | 190 1.94 1.14 0.90 088 | 117
LSD 1% (Si-Sik) 155 | 202 | 252 259 151 119 117 | 155
LSD 5% (si-Sk) 109 | 142 | 177 1.82 1.06 0.84 082 | 109
LSD 1% (si-Sk) 145 | 189 | 236 242 142 112 109 | 145
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Table 5. Cont.

No. of Panicle length Spikelet 100-grain Grain

Cross panicles/plant (cm) fertility (%) weight (g) |yield/plant (g)

Normal| Stress [Normal| Stress [Normall Stress [Normal| Stress [Normal| Stress

Gizal178 x Sakha104 | 152** | 054 | 2.85* |187**| -022 | 019 | 007 | 009 | 044 | -080
Gizal78 x IRAT170  |-361**|-281**| 057* | -031 | 253** | 059 | 0.19** | 0.20** | -0.73 |4.21**
Giza 178 x |[ET 1444 2.82%* | 1.72**| 043 |-092**| 643** | 003 | -0.10* | -006 | -0.34 |-3.00**
Giza 178 x Moroberekan | -1.60** | -1.77**| 0.84** | 0.72** | -1.72**| 016 | 007 | -009 | -1.11* | -0.07
Giza178 x Sakha106 | 1.30** | 093* | 030 | -051 |-11.48*%-237**| 004 | -003 | 000 | 036
Gizal78 x Sakha102 | 247** | 160** | -001 | 042 |[-6.19%*|-2.14**| 0.29%* | 0.31** | 447** | 3.75**
Sakha104 x IRAT 170 | 147** | 1.91** | 1.34** | 1.89** | 2.67** | 322 | 0.12* | 0.14* |-283**| 021
Sakha104 x |[ET 1444 | 2.65** | 240™* | 1.23** | 3.75** | 406™* | 550** | 0.19** | 012 | 4.67** | 6.28**
Sakha 104 x Moroberekan | -0.86* | -065 |-3.02**|-2.08*|-318**| 036 | -007 |-013*| 025 | -0.66
Sakha 104 x Sakha106 | -068 | -015 |-141**|-1.31**| -111* |-807**| 003 | -003 | 014 |-149**
Sakha 104 x Sakha 102 024 |-268**|-342**|-308**|-145**|-657**| 008 | 007 | 148**| -0.74
IRAT170x IET 1444 | 248 | 047 |-391**|-562**|-305** |-314**| -005 |-0.17**| 3.60** | 6.10**
IRAT 170 x Moroberekan | 1.44** | -010 |-0.97**[-166**|-3.73**|-163**| 0.19** | 010 | 1.77**| 1.35*
IRAT 170 x Sakhal06 | 1.82** | 1.35** | 0.73** | 3.11** | -359** |-488**| 000 | 011 | 212** |-567**
IRAT 170 x Sakhal02 | -089* | 067 | -039 | -026 |-1149**|-445**|-0.34**|-0.26**|-6.90** |-7.30**
IET 1444 x Moroberekan | -093* |-149**| 0.92** | -052 |-521**|-392**| -009 | -007 | 217 | 011
IET 1444 x Sakhal06 | -2.23**|-173**| 042 | 017 |-387*| 047 | 002 | 0.13* | -1.07* |-155**
IET 1444 x Sakhal02 | -3.36** | -1.79** | 0.93** | 1.78** |-10.48**| -5.73**| -0.30™* | -0.21** | -281** | -545**
Moroberekan x Sakhal06 | -046 |-150**| 1.06** | 0.94** | 1.46™* | 401**| 0.13* | 0.16** | 1.74** | 5.13**
Moroberekan x Sakhal02 | -0.88* | 1.83** | 025 | 048 | 3.35** |4.28**| 003 | 007 | 545 279
Sakha 106 x Sakha102 | -040 |[-121**| 057* |-086**| 359** | 089 | 0.04 |018**| 175 | 0.65
LSD 5% (sj) 076 | 079 | 050 | 053 | 084 | 092 | 010 | 012 | 100 | 109

LSD 1% (sj) 101 | 106 | 067 | 071 | 113 | 123 | 013 | 016 | 134 | 145

LSD 5% (Si-Si) 133 | 139 | 088 | 093 | 147 | 161 | 018 | 021 | 175 | 190
LSD 1% (Si-Si) 177 | 18 | 117 | 124 | 19 | 214 | 023 | 028 | 233 | 252
LSD 5% (Sj-Su) 124 | 130 | 082 | 087 | 138 | 150 | 016 | 020 | 164 | 177
LSD 196 (Sj-Su) 166 | 173 | 110 | 116 | 184 | 200 | 022 | 026 | 218 | 236

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

Concerning spikelet fertility %, the three crosses (Giza 178 x IET
1444), (Sakha 106 x Sakha 102) and (Giza 178 x IET 1444) under normal
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condition as well as the four crosses (Sakha 104 x IRAT 170), (Sakha 104 x
IET 1444), (Moroberekan x Sakhal0O6) and (Moroberekan x SakhalO2)
under both normal and stress conditions exhibited highly significant and
positive (s,) effects. For 100-grain weight, the two crosses (Sakha 104 x
IET 1444) and (IRAT 170 x Moroberekan) under normal condition and
other two crosses (IET 1444 x Sakhal06) and (Sakha 106 x Sakha 102)
under stress condition manifested significant and positive (s) effects. In
addition, significant and positive (s,) effects were obtained by the four
crosses Giza 178 x Sakha 102, Sakha 104 x IRAT 170, Moroberekan x
Sakhal06 and Giza 178 x IRAT 170 under both environments. Thus, these
crosses are considered to be promising for improving this trait.

Regarding grain yield/plant, the data showed that the four crosses
(Sakha 104 x Sakha 102), (IRAT 170 x SakhalO6), (IET 1444 x
Moroberekan) and (Sakha 106 x Sakha 102) under normal condition, the
cross (Giza 178 x IET 1444) under stress condition and the six crosses (Giza
178 x Sakha 102), (Sakha 104 x IET 1444), (IRAT 170 x IET 1444), (IRAT
170 x Moroberekan), (Moroberekan x Sakhal06) and (Moroberekan X
Sakhal02) under both conditions exhibited significant and positive (s, )

effects. It is notable that the crosses that showed high (s,) effects for grain

yield/plant also showed high SCA effects for one or more traits of yield
components.

It could be concluded that the previous crosses might be of interest
in rice breeding programs as most of them involved at least one good
combiner for the traits in view. Also, these crosses might be of interest to
develop new cultivars or produce pure lines under drought stress condition.
These results are in agreement with those reported by El-Hity et al (2016)
and Elgamal et al (2018)

Heterosis

Estimates of heterosis relative to the better parent (heterobeltiosis)
for all the studied traits under normal and stress conditions are presented in
Table (6). Favorable heterobeltiosis in the studied crosses was considered
negative for days to heading and plant height and positive for the rest of the
studied traits under both conditions.
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Table 6. Estimates of heterosis (%) relative to the better parent
(Heterobeltiosis) for all the studied traits under normal and
stress conditions.

Days to Plant height | Flag leaf area Chlorophyll
Cross heading (cm) (cm?) content

Normal | Stress | Normal | Stress | Normal | Stress | Normal | Stress
Giza 178 x Sakha 104 0.86 107 | 11.74%* | 530** | 18.33** | 10.25** | 352** | 6.27**
Giza 178 x IRAT 170 -173% | -155 | 8.76%* | 295%* | -40.16** | -41.99** | 3.34** | 575**
Giza 178 x IET 1444 086 | 217*%* | 22.09** |16.41**| -30.83** | -49.78** | -10.04** | -6.67**
Giza 178 x Moroberekan 7.38% | 7.48%F | 17.01** | 9.79** | -43.06™* | -56.57** | 897** | 4.94**
Giza 178 x Sakha 106 3.28** | 3.33**| 1821** | 9.13** | -41.01** | -51.10™* | -14.14** | -10.94**
Giza 178 x Sakha 102 -032 | 4.24%* | 1274% | 103 | -37.83** | -52.29%* | -2558** | -24.77**
Sakha 104 x IRAT 170 3.73** | 543**| 038 |383**|-14.32**|-1566™** | -1058** | -17.17**
Sakha 104 x IET 1444 -1.25% | 267 | 596** |12.95%* 252 9.14* | 389*%* | -3.32*
Sakha 104 x Moroberekan | 458** | 450**| 20.11** 19.83** -081 | -518** | -7.22** | -15.36**
Sakha 104 x Sakha 106 307** | 569%* | -4.99** | -054 |-2203** | -31.27** | -590** | -6.75**
Sakha 104 x Sakha 102 6.24** | 862%* | 498** |10.42**| 18.05** | 26.01** | -10.10** | -13.90**
IRAT 170 x IET 1444 -429% | 148 | 10.72%* |15.64**| -1217**| 0.36 14.65** | 11.36**
IRAT 170 x Moroberekan | -2.14** | 029 | 2.72*%* (10.88**| 14.29** | 14.60** | 7.88** | 9.77**
IRAT 170 x Sakhal06 092 | 193*| 029 | -1.09 | 1855%* | 10.23** | 16.78** | 28.13**
IRAT 170 x Sakhal02 9.63** |12.77%*| 443** | 404**| -859** | -1.85 2.81* -291
IET 1444 x Moroberekan 493** |10.00%*| 24.40** |33.26**| -10.64** | -18.08** | -3.94** | -17.53**
IET 1444 x Sakhal06 861** |901** | 17.79** |21.70**| -30.85** | -36.59** | -520** | -8.66**
IET 1444 x Sakhal02 593 110.08**| -144 |4.63**|-36.03**|-4517*| -3.95** | -0.02**
Moroberekan x Sakhal06 | 13.52** |16.42**| 25.32** |25.87**| 22.45** | 1952** | -2.84** | -11.02**
Moroberekan x Sakhal02 | 15.89** |20.94**| 10.21** | 5.70** | -6.94** | -16.03** | -19.69™* | -25.68**
Sakha 106 x Sakha 102 011 |[4.82*%*| 400** | -245*| -182 |-1567**| 6.18<* | 579**

1823



Table 6. Cont.

No. of Panicle length |Spikelet fertility| 100-grain Grain
Cross panicles/plant (cm) (%) weight (g) | yield/plant (g)
Normal| Stress |[Normal| Stress |[Normal| Stress |Normal| Stress [Normal| Stress
Giza 178 x Sakha 104 1314*%*| 113 [1302**| 044 |-366**| 471 | 404 | 19 | 108 | 027
Giza178 x IRAT 170 -2601**|-30.96** 326 |-749*| 574**| -7.10** | 941* | 1046* | -8.29** | 9.58**
Giza178 x |ET 1444 1121*%*| 023 | 042 |[-10.79** -055 | -459** | -858* | 675 | -298 |-827**
Giza 178 x Moroberekan -20.18**|-2755** 333 086 |-935*| 573** | 543 | 687 |-10.76**| -2.69
Giza 178 x Sakha 106 592 | -742* | 297 |-881**|-19.22**| -12.11**| 147 793 270 | -388
Giza 178 x Sakha 102 224 |-16.37** 042 |-617**|-1603**|-1367**| 355 |[17.67**|1237**| 090
Sakha 104 x IRAT 170 019 | -339 | 033 | 043 |-334**| -142 625 | 456 |-1501**| -0.32
Sakha 104 x IET 1444 1437+*| 851* | 013 |1431**| -087 | 231* | 699 | 228 | 518* |2300**
Sakha 104 x Moroberekan ~ |-13.95**|-18.54**|-17.86**|-21.46** -857** | -460** | 072 | -228 |-9.89**| -256
Sakha 104 x Sakha 106 047 | -841* [-11.71**| -448 | 540** | -17.71**| 7.35* | 0.76 288 | -7.86*
Sakha 104 x Sakha 102 451 |-34.73%%-21.32**|-19.79**| -7.26™* | -17.83** | 2.13 0.76 224 |-11.18**
IRAT 170 x IET 1444 6.77 | -8.88* |-21.82**|-34.67**|-11.32**| -944** | -6.34 |-10.71* | 10.69** | 20.03**
IRAT 170 x Moroberekan 299 |-1103* | -992** |-18.03**|-12.19**| -7.78** | 435 | 076 | -106 | 329
IRAT 170 x Sakhal06 -339 | -539 | 297 | 7.68** [-1362**| -1561**| 037 | 879 | 202 |-2307*%
IRAT 170 x Sakhal02 -1376**| 0.00 |-8.86** |-10.19**|-24.28**| -16.98** |-18.44**| -921 |-21.25**|-34.51**
IET 1444 x Moroberekan -14.31%%|-22.31%* 238 [-13.73%%|-1245%*| Q44* | -1.25% | 687 | 7.34* | 098
IET 1444 x Sakhal06 -13.62**|-15.30** 056 | -244 |-12.88**| -827** | 0.74 278 | 494* | -1.21*
IET 1444 x Sakhal102 -22.05**|-30.37** 0.39 406 |-22.19%*| -17.39™* |-18.44**|-13.49**| -6.96** |-25.84**
Moroberekan x Sakhal06 ~ |-17.44**|-2455** -234 |-7.30%*|-7.39**| 218* | 652 | 458 | -443* |1601**
Moroberekan x Sakhal02 ~ |-17.58**| -745 | -6.75** |-10.64** -7.89** | 050 426 | -115 | 6.62** | 817*
Sakha 106 x Sakha 102 -12.82%*|-2922%* 075 | 6.77* | 663** | -721** | 071 |1379**| 548* | -8.28*

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

For days to heading, only four crosses (Giza 178 x IRAT 170),
(Sakha 104 x IET 1444), (IRAT 170 x IET 1444) and (IRAT 170 x
Moroberekan) under normal condition expressed significant and negative
heterotic values towards earliness. Significant and negative heterosis for
earliness in rice were reported by Hassan et al (2016) and El-Sayed et al
(2018).

Regarding plant height, the cross (Sakha 104 x Sakha 106) under
normal condition and the cross (Sakha 106 x Sakha 102) under stress
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condition showed significant and negative heterotic effects towards
shortness. Therefore, these hybrids could be of practical interest in rice
breeding program for the short stature plant. For flag leaf area, the cross
(Sakha 104 x IET 1444) under stress condition and the five crosses (Giza
178 x Sakha 104), (Sakha 104 x Sakha 102), (IRAT 170 x Moroberekan),
(IRAT 170 x Sakhal06) and (Moroberekan x SakhalO6) under both
conditions exhibited significant and positive heterotic effects. Significant
and positive heterotic effects relative to the better parent for flag leaf area in
rice crosses were reported by El-Sayed et al (2018).

For chlorophyll content, the two crosses (Sakha 104 x IET 1444)
and (IRAT 170 x Sakhal06) under normal condition and the seven crosses
(Giza 178 x Sakha 104), (Giza 178 x IRAT 170), (Giza 178 x
Moroberekan), (IRAT 170 x IET 1444), (IRAT 170 x Moroberekan), (IRAT
170 x Sakhal06) and (Sakha 106 x Sakha 102) under both conditions
expressed significant and positive heterosis over the better parent. Moreover,
Significant and positive heterotic effects were recorded by the two crosses (Giza
178 x Sakha 104) and (Giza 178 x IET 1444) under normal condition and the
cross (Sakha 104 x IET 1444) under both conditions for number of panicles/plant.

Concerning panicle length, the cross (Giza 178 x Sakha 104) under
normal condition and the two crosses (Sakha 104 x IET 1444) and (IRAT
170 x Sakhal06) gave highly significant and positive heterotic effects over the
better parent. Only the two crosses (Sakha 104 x IET 1444) and (Moroberekan
x Sakhal06) under stress condition exhibited desirable and significant heterosis
over the better parent for spikelet fertility percentage. With regard to 100-grain
weight, significant and positive heterotic effects were detected by the crosses
(Sakha 104 x IET 1444) and (Sakha 104 x Sakha 106) under normal condition,
(Giza 178 x Sakha 102) and (Sakha 106 x Sakha 102) under stress condition
and (Giza 178 x IRAT 170) under both conditions.

With respect to grain yield/plant, the three crosses (Giza 178 x
Sakha 102), (IET 1444 x Moroberekan) and (Sakha 106 x Sakha 102) under
normal condition and the two crosses (Giza 178 x IRAT 170) and
(Moroberekan x SakhalO6) under stress condition had significant and
positive heterotic effects. Moreover, the three crosses (Sakha 104 x IET
1444), (IRAT 170 x IET 1444) and (Moroberekan x Sakhal02) under both
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conditions expressed significant and positive heterotic effects for this trait.
In this concern, Ushakumari et al (2014), El-Sayed et al (2018) and Elgamal
et al (2018) reported positive and significant heterotic effects for grain
yield/plant and some of its components in rice crosses under normal and
water deficit conditions in their respective studies.
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