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ABSTRACT

Eight local and exotic cultivars of rice were crossed to obtain 28 F1 crosses, through half diallel mating
design. The eight parents and their 28 F1s ( excluding reciprocals) were grown in a randomized block design
with three replications at the farm of Sakha Research Station, Sakha, Kafr EI-Sheikh, Egypt in 2020 and 2021
rice seasons. GCA and SCA were significant for most of studied traits. GCA/SCA ratios were found to be less
than unity for all studied traits, indicating that the non-additive type of gene action was great importance in the
inheritance of these traits. Estimates of GCA effects indicated that, the parent IET1444 was a good general
combiner for most of studied characters. The hybrid combinations IR 65600-77xNerica 9 were the best SCA
for most of studied characters. IR 65600-77xNerica 9 rice hybrid exhibited significant and highly significant
positive estimates of heterosis as a deviation from mid and better parent for root length, number of roots/plant,
root volume, root/shoot ratio, relative water content, flag leaf area, number of panicles/plant, 1000-grain weight

and grain yield/plant under water deficit conditions, except root length for better parent was insignificant.

Keywords: Rice — root traits — combining ability and heterosis.

INTRODUCTION

Drought, like many other environmental stresses, has
adverse effects on crop yield. Low water availability is one of
the major causes for crop yield reductions affecting the
majority of the farmed regions around the world. Drought
tolerance is a complex trait, expression of which depends on
action and interaction of different morphological,
physiological and biochemical traits. Rice breeders have the
common goal of identifying traits that confer an advantage
under drought. They also have worked to identify lines with
superior performance in the target environments, in order to
gradually accumulate favorable alleles in improved cultivars
and used the current knowledge about how plants grow to
hypothesize which traits might be advantageous, and have
then looked for genetic variation in those traits that can be
correlated with yield in the target environments.

Combining ability is defined as the ability of a parent
line in hybrid combinations (Kambal and Webster, 1965). It
plays an important role in selecting superior parents for
hybrid combinations and in studying the nature of genetic
variation (Duvick, 1999). The mating designs provide
reliable information about general combining ability (GCA)
and specific combining ability (SCA) of the parents and
crosses. The differences in GCA are mainly due to additive
gene action while the differences in SCA are attributed to
non-additive gene effects (Fasahat et al., 2016). Estimation
of GCA helps the breeder to identify parents with superior
combining ability which may be hybridized to exploit
heterosis, and also for development of breeding populations
from which agronomically superior lines can be selected (
Fasahat et al., 2016). Therefore, the knowledge of
combining ability provides information the nature and
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magnitude of gene effects that regulate grain yield and yield
characters hence enabling the breeder to design an effective
breeding method for genetic enhancement of grain yield and
yield components (Dar et al. 2014). The need of further
studies on combining ability, type of gene action and
heterosis for studied traits under water deficit conditions as
one of the important objectives of research for the
development of acceptable varieties. Therefore, the present
study was suggested to study, combining ability effects, the
nature of gene action heterosis for some root and vegetative
characters on a half diallel crosses of eight rice genotypes
under water deficit conditions.

MATERIALS AND METHODS

A half diallel set was made in 2020 summer season
using eight local and exotic rice genotypes viz., Sakha 108,
Sakha 104, IR 69116, Sakha 109, IR 65600-77, Nerica.9,
Sakha Super 300, and IET 1444, excluding reciprocals at the
Experimental Farm of Sakha Research Station, Sakha, Kafr
El-Sheikh, Egypt. The parents and Fis were evaluated in a
randomized complete blocks design (RCBD) with three
replications during summer 2021. Each genotype was planted
in four rows per replicate. Row was five meters in length with
the spacing of 20 x 20 cm among rows and plants, individual
seedling at 30 days old were transplanted per hill. However,
the outer two rows were used as borders, while, the inner two
rows were used for root and vegetative characters evaluation.
Normal irrigation was done every 4 days for the normal
condition. Flush irrigation was used every 12 days for the
water deficit conditions. Recommended agricultural practices
were followed for the two conditions. For root measurements,
20 rice plants from each genotype were grown in plastic bag,
one plant per bag. The bag was 20 cm in diameter and 0.5 m


http://www.jpp.journals.ekb.eg/
http://www.jpp.journals.ekb.eg/

Daher, E. M. A. et al.

in height with holes on the top and down two sides. Bags were Heterosis over the better-parent = [(F1 — BP) / BP x

placed with water deficit treated basin. The studied traits, root 100], and

length (cm), number of roots/plant, root volume (cm®) and S.E. (F1-BP) =(2Me/r)*?,

root/soot ratio, chlorophyll content, number of panicles/plant, ~ \WWhere, Me = error mean squares for parents and Fls from an

fertility percentage (%), 1000-grain weight (g) and grain individual environment; MP = mean mid-parent value = (P1

yield/plant (g) were scored according to IRRI (1996). *P2)/2; P1 = mean performance of parent one; P2 = mean
X o ) . performance of parent two; BP = mean of better-parent

Relative water content % (R.W.C): It was determined by value: r = number of replications. The phenotypic

the method of Barrs and Weatherly (1962). correlation coefficients were calculated as per the method of

Flag leaf area (cm?): It was measured at the flowering stage Dewey and Lu (1959).

I(igg;\;ing the manual method proposed by Yoshida et al. RESULTS AND DISCUSSION

Leaf rolling: It was measured as an indicator of degree of ~ Analysis of variance o _

drought tolerance on the scale of 1-9 from plant leaf. It was The ANOVA for 12 traits in 8 x 8 half diallel set

recorded by visual estimation based on method by De Datta ~ (Table 1) showed highly significant mean square estimates

etal. (1988). were recorded for genotypes, parents, crosses and the

Combining ability was analyzed according to Griffing ~ interaction among them for all root characteristics, yield and
(1956). Tests of significance for general and specific ~ Yield components under water deficit and normal conditions,
combining ability were M.S. (g)/ M.S. (€) and M.S. (s)/ M.S.  except root/shoot ratio and 1000-grain weight under both
(e), respectively, referred to Griffing (1956) as his method 2, ~ conditions and leaf rolling under normal conditions which
model I. The heterosis were estimated as the deviation of the ~ Were insignificant. These results agree with those obtained by
F1 mean value from the mid- and better-parent mean values ~ Saleem et al. (2010), El-Hity et al., (2016), Daher (2018) and
as Suggested by Matzinger et al. (1962) and Fonsecca and Sakran et al. (2022) Results also revealed that variances due
Patterson (1968), respectively. The following formulae were ~ to the general combining ability (GCA) and the specific
used for the estimation of mid-parent (MP) and better-parent ~ combining ability (SCA) were significant for all the studied

(BP) heterosis for all the traits: traits, indicating the important of both additive and non-
Heterosis over the mid-parent = [(F1— MP)/MP x additive gene action in the inheritance of all traits except root
100], fshoot ratio and 1000-grain weight under both conditions and

S.E. (F1-MP) = (3Me/ 2?2, leaf rolling for (SCA) and (GCA) under both conditions and

normal conditions, respectively.

Table 1. Mean square estimates of ordinary and combining ability analysis for root characteristics, yield and yield
components under water deficit and normal conditions.

Root Number of Root Root Relative water Flag
Source df length roots/plant volume /shoot ratio content leaf area
) N D N D N D N D N D N D

Replication 2 2.79 5.44 25.00 25.00 22.75 4,00 0.0030.002 4091 5.94 1.74 331
Genotype 35 88.02** 73.16** 6367.63** 3310.39** 956.65** 173.55** 0.21 0.28 529.99** 785.80** 645.48** 126.56**
Parent 7 54.00** 70.07** 3257.79** 1662.38** 304.23** 56.36** 0.21 0.04 556.39** 777.56** 369.01** 138.72**
Crosses 27 92.25%* 75.11** 6763.57** 3797.63** 993.98** 196.36** 0.22 0.34 483.87** 626.59** 707.73** 122.64**
Parentsvs. 1 211.88** 42.00** 17446.10** 1691.01** 4515.72** 378.00** 0.03 0.25 1590.19** 5142.02** 900.09** 147.17**
Crosses

Error 70 0.95 0.87 25.00 25.00 8.61 400 041 0004 445 4,02 0.99 1.13

GCA 7 71.39** 50.98** 4337.76** 1390.31** 411.31** 68.79** 0.08 0.07 269.77** 501.28** 439.62** 25.82**
SCA 28 18.83** 17.74** 1568.74** 1031.75** 295.78** 55.11** 0.07 0.10 153.38** 202.10** 159.05** 46.28**
Error 70 0.32 0.29 8.33 8.33 2.87 133 0.14 0003 148 1.34 0.33 0.38
GCAJ/SCA 0.38 0.29 0.27 0.13 0.13 0.12 0.087 0.074 0.18 0.25 0.27 0.05

Table 1. Continued

Leaf rolling Chlorophyll No. of panicles Fertility % 1000-grain weight, Grainyield
Source df content /plant g /plant, g
) N D N D N D N D N D N D

Replication 2 123 0.06 10.37 9.02 178 0.70 8.25 6.59 0.2 01 4.23 461
Genotype 35 022 419% 39.28* 7407 37.30** 29.77** 2502** 48942** 39 40  27353** 199.96**
Parent 7 033  552*%* 39.83** 110.70** 4457** 16.29** 67.55** 625.12** 54 33  218.95** 138.00**
Crosses 27 018  393% 3981** 61.00%* 24.94** 3354** 1284** 47200 37 42  211.33** 190.00**
Parents vs. 1 0.56 165* 21.12** 170.63** 320.38** 22.39** 56.16** 9.75** 15 33 233523 902.70**
Crosses

Error 70 089 0.18 423 451 0.98 0.99 4.03 403 01 01 402 403
GCA 7 002 2957 2139% 3219 O51** 19.05** 2185*%* 27596** 34 27  8539*%* 112.52**
SCA 28 009 101 11.02% 2282*%* 1317** 764 496™* 13493** 08 10 9263** 55.17**
Error 70 030 0.06 141 150 0.33 0.33 134 134 0.09 0.08 134 134
GCA/SCA 013 0.30 0.20 0.14 0072 0.26 057 021 440 2.80 0.092 021

*and ** significant at 0.05 and 0.01 probability levels, respectively.
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Moreover, the GCA variance was greater than the
SCA variance for all the studied traits, indicating the
preponderance of additive gene action for these traits, except
root/shoot ratio, relative water content and flag leaf area under
water deficit and number of panicles/plant, fertility% and
grain yield/plant under normal conditions. The GCA/SCA
ratio was lower than unity for all the studied traits under water
deficit and normal conditions, exhibited that predominance of
non-additive gene action was played remarkable role in the
inheritance of these traits. Similar results were obtained
previously by Rahimi et al. (2010), El-Hity et al., (2016),
Daher (2018) and Sakran et al. (2022).

Mean performance of parents and their F1 generation.

The data in Table 2 shows that the highest mean
values of root length were recorded by parent IET 1444
(31.0 cm and 33.0 cm) under water deficit and normal
conditions, respectively. Moreover, Sakha 109 gave the
lowest mean values (1550 cm) under water deficit
conditions. The parent namely, Nerica 9 under normal
conditions exhibited the lowest mean values of root length
(20.00 cm). On the other hand, the highest mean values of
root length were recorded by cross, Sakha 108 x IET 1444
(31.00, 36.00 cm) under water deficit and normal
conditions, respectively. While, the cross Sakha 104 x
Nerica 9 under water deficit and normal conditions showed
the lowest mean values of root length (13.00 cm and 16.00
cm), respectively. For number of roots/plant, the parental
genotype, IET 1444 under water deficit and normal
conditions recorded the highest mean values (130.0 and
180.00 roots/plant), respectively, while, Nerica 9 under
water deficit and normal conditions recorded the lowest
mean values of number of roots/plant. On the other hand,
the results showed that the cross namely, IR 65600-77 x
Nerica 9 (200.0 and 240 roots) under water deficit and
normal conditions, respectively recorded the highest mean
values of number of roots/plant. While, the cross, Sakha 104
x Sakha 109 (50.00 and 85 roots/plant) under water deficit
and normal conditions, respectively showed the lowest
mean values of number of roots/plant. For root volume, the
three parents, Sakha 104, IET 1444, Sakha Super 300 and
the crosses, Sakha 109 x Sakha Super 300 and Sakha 104 x
IET 1444 gave the highest mean values under water deficit
conditions. While, the genotypes, Sakha 104, Sakha Super
300 and the cross Nerica 9 x Sakha Super 300 gave the
highest mean values under normal conditions.

On the other side, the parents, Nerica 9 and IR
65600-77 under conditions as well as the crosses, Sakha 108
x Sakha 104, Sakha 108 x Sakha 109 under water deficit
conditions and Sakha 108 x IR 69116, Sakha 109xIR
65600-77 under normal conditions exhibited the lowest
mean values. Concerning to root/shoot ratio, the highest
mean values were detected by the genotypes Sakha Super
300 (0.52) under water deficit conditions and Sakha 104
under normal conditions with values of 1.16. While the
variety IET 1444 gave the lowest mean values of 0.16 and
0.28 under water deficit and normal conditions,
respectively. The results also revealed that the F1 hybrid,
Sakha 104 x Sakha 109 and IR 69116 x IR 65600-77
exhibited the highest mean values (1.37 and 1.40) for
root/shoot ratio under water deficit and normal conditions,
respectively. On the other hands, the lowest mean values
were recorded by crosses, IR 69116xIR 65600-77 and IR
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65600-77x Sakha Super 300 under water deficit and normal
conditions, respectively.

For relative water content, the varieties, IR 69116
and IR 65600-77 recorded the highest mean values (61.01
and 92.09) under water deficit and normal conditions,
respectively. While, the varieties Sakha 109 and Sakha 108
gave the lowest mean values of relative water content (18.22
and 52.07) under water deficit and normal conditions,
respectively. On the other hand, the highest mean values
were recorded by cross, Nerica 9xIET 1444 under water
deficit and normal conditions. While the lowest mean values
were recorded by crosses, Sakha 104xSakha 109 (32.13)
under water deficit and Sakha 104xI1ET 1444 (50.20) under
normal conditions. In the case of flag leaf area, data in Table
2 exhibited that among parents Sakha 104 and IR 65600-77
scored the highest mean values under water deficit and
normal conditions (34.35 and 49.10 cm?, respectively. On
the other hand, the lowest mean values were obtained by
Sakha 109 (14.02 and 15.71 cm?) under water deficit and
normal conditions, respectively. Among hybrids IR 65600-
77xNerica 9 under water deficit and normal conditions
scored the highest mean values (35.90 and 87.93 cm?),
respectively. The hybrid Sakha 104 x IR 65600-77
exhibited the lowest mean values under water deficit
conditions (15.60 cm?) but the lowest mean values under
normal conditions was observed for the hybrid Sakha
104xNerica 9 with value 22.10 cm? For leaf rolling, the
variety, Nerica 9 recorded the lowest mean value (2.00)
under water deficit conditions. While, the variety Sakha 109
gave the highest mean value of leaf rolling (6.00) under
water deficit conditions. On the other hand, the lowest mean
values were recorded by cross, Sakha Super 300xIET 1444
under water deficit conditions. For chlorophyll content,
among parents the highest mean values under water deficit
and normal conditions were obtained by IET 1444 and
IR69116 (42.10 and 51.00 SPAD), respectively, while, the
lowest mean values were recorded for the genotype Sakha
109 (23.53 and 40.23SPAD) under water deficitand normal
conditions, respectively. On the other side, among hybrids
Sakha 108 x IET 1444 recorded the highest mean values
under water deficit conditions as well as the cross IR 69116
x Sakha 109 under normal conditions with values (46.22
and 51.13 SPAD), respectively. Meanwhile, the lowest
mean values were recorded for the hybrid Sakha 104 x IET
1444 under water deficit conditions (34.43 SPAD) and the
hybrid IR 65600-77X IET 1444 under normal conditions
(32.01 SPAD). High number of panicles/plant was detected
for IET 1444 (17.0) under deficit and Sakha 104 (24.0)
under normal conditions,

The cross IR 65600-77 x Sakha Super 300 gave the
highest mean value of 19.00 and 28.00 panicle/plant, under
water deficit and normal conditions, respectively.
Moreover, High fertility % was observed for IET 1444 (97.0
and 98.22%) under water deficit and normal conditions,
respectively. While, the cross, Nerica 9 x Sakha Super 300
(94.10%) under water deficit and Sakha super 300 x IET
1444 (98.25%) under normal conditions exhibited the
highest mean values for fertility %. Nerica.9 was found the
highest mean values (30.0 g/1000 grains) under water
deficit, while, IR 65600-77 was the highest mean values
(36.0 g/1000 grains) under normal conditions.
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Table 2. Mean performance of the eight parents and their F1 generation of 8 x 8 diallel cross for root characteristics,
yield and yield components under water deficit and normal conditions.
Root Length, Number of Root volume, Root/shoot Relative water ~ Flag Ieaf2 area,

Genotype (cm) roots/plant (cm?) ratio content (cm?)
N D N D N D N D N D

1-Sakha 108 220 195 1050 950 300 150 055 025 5207 4210 2053 16.81
2-Sakha 104 220 210 1440 1000 400 250 116 021 6117 1908 4022 3435
3-IR 69116 210 170 1040 940 300 170 052 021 7414 6101 3321 17.10
4-Sakha 109 210 155 1500 1100 180 150 0.78 024 76.09 1822 1571 14.02
5-IR 65600-77 260 210 1000 820 160 120 057 036 9209 4922 4910 26.02
6-Nerica 9 200 170 80.0 480 150 120 043 038 7024 57.09 3452 26.11
7-Sakha Super 300 230 220 1350 1000 400 180 053 052 5406 4108 2340 2031
8-1ET 1444 330 310 1800 1300 300 200 0.28 016 8013 5109 36.81 17.22
9- Sakha 108 x Sakha 104 16.0 150 85.0 620 250 80 083 030 89.15 4424 4050 22.89
10- Sakha 108 x IR 69116 200 160 1200 650 150 90 064 028 8731 5006 2501 2161
11- Sakha 108 x Sakha 109 260 180 980 600 300 80 038 022 7511 6013 2930 27.69
12- Sakha 108 x IR 65600-77 280 220 1850 1150 430 280 056 024 6607 5008 4520 3047
13- Sakha 108 x Nerica 9 210 130 1700 1120 400 250 050 026 6405 5119 3132 19.95
14- Sakha 108 x Sakha Super 300 230 180 1280 880 240 200 056 022 8702 4916 3443 3288
15- Sakha 108 x IET 1444 360 310 1920 1480 510 320 068 041 7715 5407 3720 2561
16- Sakha 108 x IR 69116 260 135 910 760 300 230 037 116 7508 6015 26.02 20.68
17- Sakha 104 x Sakha 109 230 110 850 500 250 100 056 137 6122 3213 2953 17.74
18- Sakha 104 x IR 65600-77 180 150 1200 920 400 170 087 120 9032 6803 6252 1560
19- Sakha 104 x Nerica 9 160 130 1400 600 350 150 084 027 5917 5727 2210 20.11
20- Sakha 104 x Sakha Super 300 260 190 1560 1260 600 280 096 025 9102 59.02 2922 1861
21- Sakha 104 x IET 1444 270 225 1650 89.0 500 33.0 103 021 5020 4110 23.02 2122
22- IR 69116 x Sakha 109 272 180 900 700 250 130 029 025 7130 5307 2492 1841
23- IR 69116 x IR 65600-77 350 140 1800 1200 400 220 140 011 8925 39.17 5380 34.33
24- IR 69116 x Nerica 9 280 235 89.0 650 300 140 092 023 8106 77.07 3571 2620
25- IR 69116 x Sakha Super 300 250 300 1950 1200 400 210 061 020 9174 8013 4142 3530
26- IR 69116 x |IET 1444 260 210 1500 76.0 400 190 046 022 8808 6127 3940 2041
27- Sakha 109 x IR 65600-77 280 170 1200 1000 200 140 049 025 8022 7313 2590 2261
28- Sakha 109 x Nerica 9 310 210 1800 1500 800 260 036 022 6815 5711 2860 16.30
29- Sakha 109 x Sakha Super 300 292 210 1500 1250 530 350 0.63 040 6907 4815 3821 29.30
30- Sakha 109 x IET 1444 290 180 1700 1450 500 270 061 034 6908 5230 3420 3332
31- IR 65600-77 x Nerica 9 350 215 2400 2000 310 250 024 090 9507 8100 87.93 3590
32- IR 65600-77 x Sakha Super 300 260 180 1700 1180 500 120 0.8 024 9407 6123 4626 32.32
33- IR 65600-77X IET 1444 350 210 2100 1110 750 270 053 021 9425 7600 3741 2172
34- Nerica 9 x Sakha Super 300 260 190 2250 1500 900 320 0.68 046 8400 5222 7472 1822
35- Nerica 9 x IET 1444 350 140 2350 1200 600 270 091 029 9807 9807 4386 25.02
36- Sakha Super 300 x IET 1444 310 280 2100 1100 500 250 0.87 073 7213 6427 33.96 16.02
LSD :0.05 159 153 816 816 479 327 104 005 345 3.27 1.62 174

:0.01 212 203 108 108 637 434 139 007 458 4.36 2.16 2.31

*and ** significant at 0.05 and 0.01 probability levels, respectively.
Table 2. Continued

Leaf Chlorophyll No. of panicles Fertility 1000-grain  Grainyield

Genotype rolling content (SPAD) /plant (%) weight, (g) /plant, (g)
D N D N D N D N D N D

1-Sakha 108 500 4413 3415 170 140 8820 7304 280 220 4500 23.00
2-Sakha 104 133 366 4130 2863 240 130 9333 6400 270 220 49.00 24.16
3-IR 69116 400 51.00 38.21 120 100 9813 9301 280 250 30.00 26.00
4-Sakha 109 133 6.00 40.23 2353 200 100 8926 5921 270 220 4800 26.14
5-IR 65600-77 166 300 4323 3513 180 120 9425 9031 360 250 50.00 17.25
6-Nerica 9 133 200 4873 4010 150 13.0 9522 8517 31.0 30.0 3100 2408
7-Sakha Super 300 533 4513 34.11 140 110 9707 9423 270 220 46.00 20.00
8-1ET 1444 3.00 43.00 4210 200 170 9822 9700 210 190 5200 40.16

9- Sakha 108 x Sakha 104

10- Sakha 108 x IR 69116

11- Sakha 108 x Sakha 109

12- Sakha 108 x IR 65600-77

13- Sakha 108 x Nerica 9

14- Sakha 108 x Sakha Super 300
15- Sakha 108 x IET 1444

16- Sakha 108 x IR 69116

17- Sakha 104 x Sakha 109

18- Sakha 104 x IR 65600-77

19- Sakha 104 x Nerica 9

20- Sakha 104 x Sakha Super 300
21- Sakha 104 x IET 1444

22- IR 69116 x Sakha 109

23- IR 69116 x IR 65600-77

24- IR 69116 x Nerica 9

25- IR 69116 x Sakha Super 300
26- IR 69116 x IET 1444

27- Sakha 109 x IR 65600-77

28- Sakha 109 x Nerica 9

29- Sakha 109 x Sakha Super 300
30- Sakha 109 x IET 1444

31- IR 65600-77 x Nerica 9

32- IR 65600-77 x Sakha Super 300
33- IR 65600-77 x IET 1444 1.
34- Nerica 9 x Sakha Super 300

400  44.03 3967 230 100 9618 7529 280 220 54.00 26.00
533 4448 41.61 19.0 9426 56.02 250 190 44.00 18.00
433 4208 3206 210 9312 6307 290 210 56.00 24.16
366 4511 36.03 200 9301 7829 300 250 59.00 26.06
3.00 46.55 35.6 23.0 9129 6914 290 230 69.00 33.16
3.66 4745 4505  25.0 9509 9319 210 160 51.08 44.00
333 4642 46.22 220 9710 8911 250 220 65.00 30.07
3.00 47.63 4216 230 9516 8320 270 140 4500 18.06
500 4105 3716 210 9523 7232 270 210 6222 2530
400 4421 40.00 180 96.07 7427 270 220 59.00 2321
500  43.03 4040 170 96.06 8301 270 220 5511 2316
433 4525 3406 230 9626 8131 270 230 5916 3116
333 4325 2705 210 9522 8616 240 230 6411 3825
533 5113 36.07 16.0 . 8731 280 260 47.00 27.10
500 4216 3333 260 9303 9010 320 230 46.08 2216
3.66  48.65 3711 200 9732 9203 220 200 61.00 34.10
333 4010 36.07 220 9422 8612 270 250 6311 4200
2,66  45.00 4436 170 9713 4720 280 140 46.00 27.16
466 4501 3807 250 93.02 8325 270 240 49.00 39.00
233  40.26 36.63 240 96.25 5507 290 260 43.00 38.00
566 4207 3707 230 9525 8313 280 240 60.00 35.00
200  43.06 40.06 180 9730 9110 280 200 50.00 31.22
200 4521 3561 200 86.24 7416 380 320 57.06 45.00
266  36.32 3358 280 9432 9133 280 250 67.00 40.00
200 3443 3113 240 8831 8307 310 220 40.05 35.00
466  37.57 3258 210 9531 9410 270 240 69.20 36.16
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35- Nerica 9 x IET 1444 166 4.00 4521 44.01 230 170 9626 9210 200 17.0 5225 45.00
36- Sakha Super 300 x IET 1444 166 166 4210 38.20 230 150 9825 89.03 230 210 4816 37.16
LS.D :0.05 154 0.69 3.36 3.47 161 162 328 3.28 16 16 327 328

0.01 2.05 0.92 447 4.61 215 216 436 4.36 21 22 435 436

*and ** S|gh|f|cant at0.05and 0.01 probablllty ievels, respectively. D = water deficit, N = normal irrigation.
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The cross, IR 65600-77 x Nerica 9 exhibited the
highest mean values for 1000-grain weight (32.0 g, and 38.0
g) under water stress and normal conditions, respectively.
While the crosses Sakha 104 x IR 69116 and IR 69116xIET
1444 under water stress and Nerica 9xIET 1444 under
normal conditions gave the lowest mean values. Regarding
to grain yield/plant, the variety, IET 1444 recorded the highest
mean values (40.16 and 52.00 g) under water deficit and
normal conditions, respectively. While, the varieties IR
65600-77 and IR 69116 gave the lowest mean values of grain
yield (17.25 and 30.00 g) under water deficit and normal
conditions, respectively. On the other hand, the highest mean
values were recorded by cross, IR 65600-77 x Nerica 9 under
water deficit conditions and Nerica 9 x Sakha Super 300
under normal conditions. While the lowest mean values were
recorded by crosses, Sakha 108 x IR 69116 and IR 65600-
77x IET 1444 under water deficit and normal conditions
mean values of 18.00 and 40.05 (g), respectively.

General and specific combining ability effects:

Data in Table 3 show that the estimates of GCA
effects indicated that the parent IET 1444 was a good
combiner for root length and number of roots/plant under
both conditions and root volume, leaf rolling, chlorophyll
content, number of panicles/plant and grain yield/plant
under water deficit conditions and fertility % under normal
conditions. The parent Sakha Super 300 was a good

combiner for fertility % under water deficit conditions and
root volume, number of panicles/plant and grain yield/plant
under normal conditions. Moreover, the parent, IR 65600-
77 was good combiner for flag leaf area under both
conditions and relative water content under normal
conditions. Sakha 104 was a good combiner for root/shoot
ratio under water deficit conditions.

The parent IR 69116 was a good general combiner for
chlorophyll content under normal conditions. Nerica 9 was a
good combiner for 1000-grain weight under both conditions
and relative water content under water deficit conditions. In
addition, the results also revealed that among the studied
parents, highly significant and positive estimates of GCA of
root length were recorded for IET 1444 under both conditions,
Sakha Super 300 under water deficit conditions and IR
65600-77 under normal conditions, indicating that these three
parents were the greatest combiners for improving this trait
under water deficit and normal conditions. IET 1444, Sakha
Super 300, IR 65600-77 and Nerica 9 were found to be good
combiners for number of roots/plant under water deficit and
normal conditions. Highly significant and positive estimates
of GCA of root volume were recorded for IET 1444, Sakha
Super 300 under both conditions and Nerica.9 under normal
conditions. Sakha 104, IR 65600-77 and Sakha 109 were
found to be good combiners for root/shoot ratio under water
deficit conditions.

Table 3. Estimates of general combining ability (GCA) effects for root characteristics, yield and yield components

under water deficit and normal conditions.

Root Number of Root Root /shoot  Relative water  Flag leaf area,
Parent Length roots/plant volume ratio content cm?
N D N D N D N D N D N D
1-Sakha 108 -2.11%* 020  -1488** -805** -6.73** -223** 004 -010** -446** -543** -498** 016
2-Sakha 104 -39l -230%* -2068** -1655** -103* 018 021 017** -561** 973> -204** -0.76**
3-IR 69116 -059**  -040*  -2138** -14.05* -753* -273** 000 -006** 3.75** 455 -211** -019
4-Sakha 109 003 -190**  -1438** -005 -363** -193** -008 001** -483** -850** -917* -197**
5-IR 65600-77 2.19%* -0.35* 883  995%* -243* -133** -003 0.04** 988** 497 1234** 319
6-Nerica 9 031 -150*%*  1023** 325** 408> 058 -004 -001** -046 907> 595 008
7-Sakha Super 300 -0.29 230  16.73** 11.65** 9.18* 268 -001 001> 026 011 112%* 102**
8-1ET 1444 4.99%* 435  3553** 1385** 8.08** 4.78** 001 -007** 146 518 -111** -153**
LSD :0.05 0.33 0.32 171 171 1.00 068 022 0.01 0.72 0.68 0.34 0.36
:0.01 0.44 0.42 2.27 2.27 1.33 091 029 0.01 0.96 0.91 0.45 0.48
*and ** significant at 0.05 and 0.01 probability levels, respectively
Table 3. Continued
Leaf Chlorophyll No. of panicles Fertility 1000-grain Grain yield
Parent rolling content /plant (%) weight / plant
N D N D N D N D N D N D
1-Sakha 108 0.01 0.34** 1.05** 1.25** 0.05 -0.12  -146** -5A47*%* -40*%* -0.9** 151** -2.64**
2-Sakha 104 -0.06 0.21** -0.28 -1.43** 0.75** -0.95** (058 -4.13** -6.0** -1.0** 233** -4.04**
3-IR 69116 0.08 0.24** 273** 155** -1095*%* -222%% 105** 0.32 -20  -1.0** -6.10** -3.33**
4-Sakha 109 0.01 0.74** -0.88* -2.74** 015 -1.02** -0.82* -7.12** 30* 0.5** -0.99** -0.18
5-IR 65600-77 0.01 -0.39** -150** -1.36** 1.05** 0.98** -2.65** 1.41** 380** 22** 042 -0.89*
6-Nerica 9 -0.03 -0.53** 101** 1.05** -0.85** 0.35* 0.62 213** 7.0** 24** 045 2.89**
7-Sakha Super 300 0.04 0.28** -1.28** -0.68  0.65** 0.78** 118* 818** -1.20** 0.1 3.66** 3.16**
8-1ET 1444 -0.06 -0.89** -0.84* 2.36** 015 2.18** 150** 4.69** -2.60** -2.3** -0.37 5.03**
L.S.D:0.05 032 014 0.70 0.73 0.34 0.34 0.69 0.69 0.3 0.3 0.68 0.69
:0.01 043 0.19 0.93 0.96 0.45 0.45 0.91 0.91 0.4 0.5 0.91 0.71

*and ** significant at 0.05 and 0.01 probability levels, respectively.
Highly significant and positive estimates of GCA of
relative water content and 1000-grain weight were recorded
for IR 65600-77 under both conditions and Nerica 9 under
water deficit conditions. IR 65600-77 and Sakha Super 300
under both conditions and Nerica 9 under normal conditions
were found to be good combiners for flag leaf area. Highly
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significant and negative estimates of GCA of leaf rolling were
recorded for IET 1444, Nerica 9 and IR 65600-77 under water
deficit conditions, indicating that these parents were the
greatest combiners for improving this trait. IR 69116, Sakha
108 and Nerica 9 under both conditions and IET 1444 under
water deficit conditions were found to be good combiners for
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chlorophyll content. Moreover, Sakha Super 300 under both
conditions and IET 1444, Nerica 9 under water deficit and
Sakha 104 and Sakha 108 under normal conditions were the
best general combiners for grain yield/plant under water deficit
and normal conditions. Generally, IET 1444 was the best one,
since it possessed significant and desirable GCA effects for
most of the studied traits followed by Sakha Super 300, Nerica
9and IR 65600-77 under water deficit conditions, while Sakha
Super 300 and IR 65600-77 under normal conditions were the
greatest combiners for improving most of the studied traits.
The estimates of SCA of twenty-eight crosses for
twelve of root characteristics, yield and yield components are
presented in (Table 4). Significant and highly significant
positive estimates of SCA effects were recorded in eleven
crosses under water deficit and twelve crosses under normal
conditions for root length, the highest positive values were
estimated for the crosses, Sakha 108 x IET 1444 under both
conditions, IR 69116 x Sakha Super 300 and IR 69116 x
Nerica 9 under water deficit conditions, IR 69116 x IR 65600-
77 and IR 65600-77 x Nerica 9 under normal conditions.
significant and highly significant and positive estimates of
SCA effects were detected for twelve crosses under water
deficit and fourteen crosses under normal conditions for
number of roots/plant, The highest positive values were
estimated for the crosses, IR 65600-77 x Nerica 9 under both
conditions, Sakha 109 x Nerica 9 and Sakha 108 x IET 1444
under water deficit, IR 69116 x Sakha Super 300 and Nerica 9
x Sakha Super 300 under normal conditions. Significant and
highly significant positive estimates of SCA effects were
detected for eleven crosses under water deficit and fifteen

crosses under normal conditions for root volume, the highest
positive value was estimated for the crosses Sakha 109 x
Sakha Super 300 and Sakha 108 x IR 65600-77 under water
deficit and Sakha 109 x Nerica 9 and Nerica 9 x Sakha Super
300 under normal conditions.

Significant and highly significant positive estimates of
SCA effects were detected for seven crosses under water
deficit and one cross under normal conditions for root/shoot
ratio. The highest positive value was estimated for the cross
Sakha 104 x Sakha 109 and Sakha 104 x IR 65600-77 under
water deficit and IR 69116 x IR 65600-77 under normal
conditions. Highly significant positive estimates of SCA were
inventoried for twelve crosses under water deficit and fourteen
crosses under normal conditions for relative water content, the
best hybrid combinations were Nerica 9 x IET 1444 under
both conditions and Sakha 109 x IR 65600-77 under water
deficit and Sakha 108 x Sakha 104 under normal conditions.

Significant and highly significant positive estimates of
SCA effects were detected for thirteen and fifteen crosses for
flag leave area under water deficit and normal conditions,
respectively, the best crosses combinations were Sakha 109 x
IET 1444 and Sakha 104 x IR 69116 under water deficit, IR
65600-77 x Nerica 9 and Nerica 9 x Sakha Super 300 under
normal conditions. The estimates of SCA effects showed that
highly significant negative (SCA) values were recorded in
twelve, six crosses under water deficit and normal conditions
for leaf rolling, respectively, the best crosses were Sakha 109
x Nerica 9 and Sakha 109 x IET 1444 under water deficit
conditions, Sakha 108 x Sakha Super 300 and Sakha 108 x
Sakha 109 under normal conditions.

Table 4. Estimates of specific combining ability (SCA) effects for the studied traits under water deficit and normal

conditions.
Root Number of Root Root / Shoot Relative water Flag leaf area,
Genotypes length roots/plant volume ratio content cn?
N D N D N D N D N D N D
Sakhal08xSakdaldd  -4.10** -1.83** -27.98** -1568** -6.72** -1020** 003 -016** 2204** 413 1044*>* 020
xIR69116 -342%% 273** 7727  -1518% -1022** -630** 005 0.06** 10.84** -433%* -499*%* -203**
xSalhal09 196> 077 -21.28% -3418** 088 -810** -013 007 722> 1878 6.36** 5.82**
x IR65600-77 180** 322%* 4252** 1082** 12.68** 11.30** 000 -0.09** -1653** -4.72** 075 344+
xNerica9 -2.70% -463** 26.12** 1452** 318* 640> -005 002 -821** -7.71* -674** -397**
xSaSuperd0 072 -343*%* -2238* -17.88** -17.92** -0.70 -001 007 1405* 057 119* 802+
x[ET 1444 7.00%* 752** 2282** 3992** 1018 920 010 020*%* 297+ -0.95 6.20%* 3.30**
Sakhal04 x IR69116 038 437 3752 2832** 908> 730 031 -029% -1414** -31.01** 728 1162**
xSalhal09 076 -413* -2848** -3568** -982** -850** -020 081** -H52** -491** 366** -321**
xIR65600-77  -640** -168** -16.68** -3.68 398> -210* 006 060> 887> 1752 1513* -1051**
x Neficad 590** -253** 192  -2898** -752** -600** 004 -028** -1195%* 266** -18.89** -2.89**
xSdaSyprd0 408> -033 1142 2862** 1238** 490** 013 -032** 19.20** 1359** -6.95** -533**
x[ET 1444 020 1.12* 162 -1058** 348* 780 020 028 -2283** -962** -1091** -0.17
IR69116 x Sakha 109 161> 097* -22.78* -1818** -3.32* -260** -026 -008** -480** 174 089 -310**
xIR65600-77  7.28%* -458** 4402** 21.82** 1048** 580** 0.79** -026** -156 -2562** 648 765
xNetica9 2.78%* 607 -4838** -2648* -6.02** -410** 032 -009** 059 818**  -521** 264**
xShaSyprd0  -024 877 5112%* 2012** -112 0.80 -001 -0.14** 1055** 2042** 532** 10.80**
x[ET 1444 -452%* 228* -1268** -2608** 002 -330* -017 -003* 569** -373** 553 -154**
Sakhal09xIR65600-77  -0.34 -008 -2298** -1218** -1342** -300** -003 -018** -201* 2139** -14.36** -2.20**
x Nerica9 516** 507** 3662** 4452** 4008** 710 015 -0.16** -3.75** 127 -5.26%* -549**
xSdhaSpr3d0  3.31** 127 088 1112 798 1400 009 000 -354** 148 9.17*%* 657+
x[ET 1444 -214%* 378 032 2892 608 390 006 002 473 0.35 740%* 13.14**
IR65600-77XNerica ~ 7.00%* 4.02%* 7242** 8452** -10.12** 550** 033 048 846 11.70** 3255** 89o5**
xSddaSupr30 -2.02** -3.28**  -4.08 -588* 378 -960* -041 -0.19** 6.75** 1.10 -4.29%*  443**
x|ET 1444 1.70%* -233** 17.12** -1508** 29.88** 330** -007 -014** 573 1058** -1091** -3.61**
Neica9X SakdaSuprd0 048  -113** 4952%* 3282** 3728** 850> 010 007> 702 -1201** 3056** -655**
x|ET 1444 420 -818** 40.72* 062 8.38** 140 032 -002 19.89** 2855** 193** 280**
SkaSuper30XIET144 018 202*%* 922*%*  -17.78%* -6.72** -270** 026 041 -6.77** 393 -314** -7.14**
LSD 005 089 085 455 455 267 182 0058 0.03 192 183 091 097
:0.01 118 113 6.06 6.06 355 242 077 004 2.56 243 120 129

*and ** significant at 0.05 and 0.01 probability levels, respectively. D =water deficit, N = normal irrigation
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Table 4. Continued

Leaf Chlorophyll  No. of panicles Fertility 1000-grain Grain
Genotypes rolling content /plant (%) weight, g yield/plant
N D N D N D N D N D N D
Sakha 108 x Sakha 104 021 020 019 -032 148 -229% 250 434 15 16** -242* 225*
x |R 69116 059 -203* -069** 098** 018 -202** 011 -1937*% -19** -14** -398** -646**
x Sakha 109 014 582 -115** -052** 008 -322** (084 -489%* 16** -10* 291** -344*
x |R 65600-77 014 344> 032 005 -182* -022 256 181 -09* 14** 466 -083
x Nerica 9 017 -397%* 021 -059** 308 -059 -243** -806** 12** -08 1537** 249**
xSakhaSuper300 -056 802** -1.19** -0.72** 358 498** (081 993 -49* 557 665 13.05**
x |ET 1444 021 330 008 011  108* 158** 250 935 05 29** 1129** -275*%
Sakha 104 x IR 69116 053 1162* 051* -055** 448 281** -286** -1273** 03 177 019 110
x Sakha 109 021 -321* -062** 028 062 -239** (091 303> 02 09 831 091
x |R 65600-77 021 -1051** 012 041* -452** 039 358* -3855%* -37% -15%* 367 -229*
x Nerica 9 024 -289%* 041 155 -362** -109* 031 447> 06 -17 066 -6.11**
x SakhaSuper300 0.17 -533* -0.65** 008 088 081 006 -328** 13> 16** 060 161
x |ET 1444 039 -017 005 025 062 341 -142 506 03 407 946 683**
IR 69116 x Sakha 109 007 -310** -012 058 -292** 188** -068 1358** 04 41 152 0.18
x IR 65600-77 007 765 029 138 618 -312** (008 783> 09* -05 081 -4.04*
x Nerica9 011 264 025 018 208> 051 110 905> -60** -3.7% 1498** 411**
xSakhaSuper300 004 1080** -015 -095** 258 408** -257* -291** 09* 36* 1298** 11.74**
x |ET 1444 014 -154** 022 -045* -192%* 232 (002 -3835** 33** S50 -011 -497*
Sakha 109 x IR 65600-77 014 -229*%* 025 055* 308** 468> 194* 842> 46 -11* -300** 964**
x Nerica9 017 -549*% 045* -165** 398** 431** 190* -2047* 05 08 -813* 486™
xSakhaSuper300 011 657 -029 088 148 -112* 034 153  14* 10* 476 159
x |ET 1444 021 1314** -069** -162** -3.02** -152** 207* 1299** 28** -02 -121 -4.06™
IR 65600-77 x Nerica 9 017 895 061** -085** -092* 131* 173 624> 60** 51 453 1257+
xSakhaSuper300 011 443* 055** -099** 558 388> 123 120 -21** 04 1035 7.30**
x |ET 1444 046 -361** -019 -049* 208 048 -510** -357*%* 23** -02 -1257** 043
Nerica9 x SakhaSuper300 014 -655** -025 115 048 -349** -105 325 (00 08 1342 032
x |ET 1444 009 280> 001 165 298 111* 041 474> 56> -A7* 050 665
SakhaSuper300x IET 1444 016 -7.14** 005 -149** 148~ -132** 101 438~ 07 09* -769** -146
LSD  :005 091 097 042 0.39 090 091 183 183 09 09 183 183
001 120 129 055 051 120 120 243 243 12 12 243 243

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

The estimates of SCA showed that significant and
highly significant positive (SCA) values were recorded in
twelve crosses, under water deficit conditions, their
estimates were maximized in case of the crosses, Sakha 108
x Sakha Super 300 and Sakha 104 x IR 65600-77, which
appeared to be the best specific cross combinations for
chlorophyll content. While, under normal conditions, seven
crosses showed highly significant positive estimates of
(SCA) effects, the best crosses were IR 69116 x Sakha 109
and Sakha 108 x Sakha Super 300. Significant and highly
significant positive estimates of SCA effects were recorded
in eleven crosses under water deficit and fifteen crosses
under normal conditions for number of panicles/plant,

The highest positive values were estimated for the
crosses, Sakha 108 x Sakha Super 300 and Sakha 109 x IR
65600-77 under water deficit, IR 69116 x IR 65600-77 and
IR 65600-77 x Sakha Super 300 under normal conditions.
Highly significant positive estimates of SCA were recorded
in fourteen crosses under water deficit and seven crosses
under normal conditions for fertility %. The highest positive
values were estimated for the crosses IR 69116 x Sakha 109
and Sakha 109 x IET 1444 under water deficit and Sakha 104
x IR 65600-77 and Sakha 108 x IR 65600-77 under normal
conditions.  Significant and highly significant positive
estimates of SCA effects were detected for eleven crosses
under water deficit and normal conditions for 1000-grain
weight, The highest positive value was estimated for the cross
IR 65600-77 x Nerica 9 under water deficit and normal
conditions, the highest (SCA) values for 1000-grain weight
could be used in breeding program for increasing this trait.
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D = water deficit, N = normal irrigation

Significant and highly significant positive estimates
of SCA effects were recorded in eleven, twelve crosses for
grain yield/plant under water deficit and normal conditions,
respectively, the highest positive values were estimated for
the crosses, Sakha 108 x Sakha Super 300 and IR 65600-77
x Nerica 9 under water deficit conditions, Sakha 108 x
Nerica 9 and IR 69116 x Nerica 9 under normal conditions.
The results revealed that there is a preponderance of non-
additive gene action for root and some vegetative characters
in the hybrids resulted in high amount of vigor in F,
selection can be postponed to later generation. These
findings were in agreement with those of Gaballah (2009),
El-Naem (2010), El-Hity et al., (2015), Abo-Zeid (2016),
Ghazy (2017), Daher (2018) and Sakran et al. (2022).
Estimates of heterosis

The superiority of hybrids, particularly over the
better-parents, is useful in assessing the feasibility of
commercial exploitation of heterosis s and identifying the
parental combinations capable of producing the highest
level of transgressive segregants. In this study, because the
parents are highly adapted varieties, heterosis over the mid-
parent and over the better-parent has high practical
significance. Investigations about the degree of heterosis are
important for deciding the directions of future breeding
programs. In the present investigation, both mid and better
parent heterosis was determined.

The range of heterosis and number of crosses
showing significant desirable heterosis over mid-parent and
better-parent for all the twelve characters are presented in
Table 5. The highest estimated values of heterosis over mid
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and better-parent were observed for root length (53.85% and
38.24%), (52.17% and 47.62%) under water deficit and
normal conditions, respectively. Maximum heterosis over
the mid and better-parent for number of roots/plant was
207.69% and 143.90%, respectively under water deficit
conditions, 166.67% and 140.00% under normal conditions.
The highest estimated values of heterosis over mid and
better-parent were observed for root volume (113.33% and
108.33%), (384.85% and 344.44%) under water deficit and
normal conditions, respectively.

Furthermore, the highest estimated values of heterosis
over mid and better-parent were observed for root/shoot ratio
(508.89% and 470.83%), (156.88% and 145.61%) under
water deficit and normal conditions, respectively. The highest
estimated values of heterosis over mid and better-parent were
observed for relative water content (35.61% and 22.39%),
(228.17% and 220.80%) under water deficit and normal
conditions, respectively. Maximum heterosis over the mid
and better-parent for flag leaf area was 113.25% and 93.42%,
respectively under water deficit conditions, 157.98% and
116.44% under normal conditions.

The highest estimated values of heterosis over mid
and better-parent were observed for leaf rolling (-60.00%
and -44.44%), (-33.33% and -33.33%) under water deficit
and normal conditions, respectively. Maximum heterosis
over the mid and better-parent for chlorophyll content was
42.49% and 31.92%, respectively under water deficit
conditions, 12.09% and 5.19% under normal conditions.

The highest estimated values of heterosis over mid and
better-parent were observed for grain yield/plant (351.55%
and 300.00%), (197.56% and 190.48%) under water deficit
and normal conditions, respectively. Maximum heterosis
over the mid and better-parent for number of panicles/plant
was 58.33% and 46.15%, respectively under water deficit
conditions and 100.00% under normal conditions.

The highest estimated values of heterosis over mid
and better-parent were observed for fertility% (17.39% and
12.99%), (5.97% and 4.32%) under water deficit and normal
conditions, respectively. Maximum heterosis over the mid
and better-parent for 1000-grain weight was 122.00% and
90.90%, respectively under water deficit conditions,
166.70% and 55.60% under normal conditions. The highest
estimated values of heterosis over mid and better-parent
were observed for grain vyield/plant (351.55% and
300.00%)), (197.56% and 190.48%) under water deficit and
normal conditions, respectively. Results further indicated
that 3, 12, 13, 7, 6, 12, 7, 7, 1, 2 and 22 crosses had
significant positive better-parent heterosis for root length,
number of roots/plant, root volume, root/shoot ratio, relative
water content, flag leave area, chlorophyll content, number
of panicles/plant, fertility%, 1000-grain weight and grain
yield/plant under water deficit conditions while, 16, 14, 16,
4,20, 10,0, 17,0, 0 and 25 crosses under normal conditions,
respectively. 4 and 3 crosses had significant negative better-
parent heterosis for leaf rolling under water deficit and
normal conditions, respectively.

Table 5. Estimates of heterosis as a deviation from mid and better parent of the twenty eight rice crosses for root
characteristics, yield and yield components under deficit and normal conditions.

Root length

Number of roots/plant

Root volume Root / Shoot ratio

Genotypes MP BP MP

BP MP BP MP BP

N D N D N D

D N D N D N D N D

SaIBxSkel
x|RGO116
xSal 208> 286 1818* 7@
xIR6B600-77
*XNeica9 (000]
xSeSpr30 22 435% 00 A818% 66/ 9% K19 100 343% 2101 40007 1111
x|ET1444

SkalMxIR6I116 083 BB 1818 -HrI** 661 2066 B 2400
xSkal09
xIR65600-77 B0+ 2850 7+ B5r* 464 110 66~ 80 4286
xNarica9 B81** 15 2727 R0 B0 <180+

28 00 22p 18P 125 A0 56 847

202P BB 2120 2850 L3> -BA™ 4097 B0 2857 Q00 70 B0 22 I3+ 8BS D0*
4B/ 2B+ 9oF 7B US* L2 40P LB B0 LBA B0 406 19683 244 1636 1200
234 QA6 A6 A B Leer 00 Ao P 834 BIBY -1067
66> 864 T 4/ 84O 008 619 2B &% 1074 BB &6 00 2131
B 45 BB BB B4 610 17 778 &Kl BB a6 20

A1h BB
176> 9B 3B
30 AP 18 5B

9> 277 A 00 A4 35 66/ 1386 W00 286 00 Q00 6386 10000 BG4 G400

140 9 A0 80 % 828 -BI0 2B

68 IB* 4B A2 L1823/ LB KB 430 H00 F7H0 Q000 4220 T8 Bl 4083

|1 00 R0 08 2AG* B0 BB™*
273 8%

xSdaSupr 30 15567 1163 1304 1364 1183 000 8B B00* [0 0B L0 1200 1361 315 724 BIp

x|ET1444 18
IR69116xSekda10 237

x|R65600-77

xNaica9 B+ BUA* BB BAU* 3B 8b

xSHaQper30 13 BHE* 80 BB I8 87 M4 D00 149

x[ET1444 30 1250 221 B> 563¢ 14 1667 A BB+ 20
SkalOxIREEE0D77 1915 65 760 -19B* 40 417 00 90

XNerica9

xSdaSyper30 B 1200 631

x|ET1444 74> 2B 42127 A9 3B 0B BB 114 1B AN @6 B 150 000
IR65600-77X Nerica9

xSaSper 30 612¢

x|[ET1444 1864 1923* 606~ B O™ 472 1667 14627 2609 BB 15000 B A7l BRI

A346™ 818 27 186 260 83 LA 286 A6 B0 P00 488 1361
077 237> 58 013 33 00 BB 417 A85* 66 BEF BB 1N @8 417
B> B A BB AP BB B 2766 BA 5L BB 04T 15683 6140 14061 044
142> PFH* BB* 34/ 00

1063 000

1766 BB 203 B6R* -P4F*
00 1667 1683 LA™ B2 G4
BB* 50 B0 A2 1A 6D
" 30 1N 66r ZA Ae6re 3718F 0B

2000

SI22 023% A7 853 62 887 D0 B3I BAH DI AP 3B Q050 7B -BB3EB 4123*
4% 8% 9B 00 1B 6 11212 P I~ 3 56 198 -8B

240 46

AP+ 1316 A 238 16567 20769 14000 14390 10000 10833 B/ 10833 -B200* 14324* 5780 13684
1628 000 818 4468%* 206/ BB 1800 7B5H* -00F B BB 6720 A0 B B2

@ B89

Nerica9xSdaSupr 300 08 256 1304 1364 10030 1270 @67 5000 22727 11333** 1800 7778 4167 B2 8 1A

x[ET1444 2B 46/ 606* BHABP™ Arr AP P 7B 16667 6875 10000 B[O 15634 471 11163 4423
SKHeQ3OXETI44 1071 56 606 988 BB* 4P 166/ 1538 L% 31/ B0 B0 1431 B3> 6415 B3
LSD 0® 3 12 1 18 707 70/ 86 86 45 28 40 3 00 0™ 14 0B

o WM 1s 22 28 90 9 105 0% 52 3/ 6F 43HA 1 0B 1P A

*and ** significant at 0.05 and 0.01 probability levels, respectively.
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Table 5. Continued

Relative water content Flag leaf area, cm? Leaf rolling Chlorophyll content
Genotypes MP BP MP BP MP BP MP BP
N D N D N D N D N D N D N D N D
SeIBxSHeIs 1910 2187~ L™ 268~ BFH™ 108> 071 -BHF* 00F 70 00> 90 3B ALB* 0B 4~
xR&A116 0T > BIO* RAP* BLF T UM BRT BB BR BB BR* 648 BE* 2B 8D
xSnl0 0T B3 TBAD A9WB L2 R 7= GA™ D0 2121 B0 38 04 1WIgF 46 610
xIRER0077 18 A1 BB 3R o LB T 709+ 90 8B N0 22 37 4B om 257
xNaicad De~ 6207 WIS AP B T 92 BB 000¢ 14D 0% B0+ 05 411 48 112*
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Table 5. Continued
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*and ** significant at 0.05 and 0.01 probability levels, respectively.

It is clear from Table 5 that most of the studied
hybrids were superior for root length; their estimated values
of heterosis were highly significant with positive direction
for this trait, out of them, IR 69116 x Sakha Super 300 and
IR 69116 x Nerica 9 under water deficit, IR 65600-77 x
Nerica.9 and Sakha 109 x Nerica 9 under normal conditions.
Moreover, highly significant positive estimates of heterosis
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for mid and better-parent were recorded in IR 65600-77 x
Nerica 9 and Nerica 9 x Sakha Super 300, rice genotypes
for number of roots/plant under both conditions.

On the other hand, Nerica.9 x Sakha Super 300
under both conditions, Sakha 109 x Sakha Super 300 under
water deficit, Sakha 109 x Nerica 9 under normal conditions
rice hybrid exhibited either highly significant positive
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estimates of heterosis for root volume. Highly significant
positive estimates of heterosis for mid and better-parent
were recorded in Sakha 104 x Sakha 109 and Sakha 104 x
IR 69116 under water deficit, IR 69116 x IR 65600-77 and
Nerica 9 x IET 1444 under normal conditions, rice
genotypes for root/shoot ratio under both conditions. On the
other hand, Nerica 9 x IET 1444 and IR 65600-77 x Nerica
9 under water deficit, Sakha 104 x Sakha 109 and Sakha 104
x Sakha Super 300 under normal conditions rice hybrid
exhibited either highly significant positive estimates of
heterosis for relative water content.

Highly significant positive estimates of heterosis for
mid and better-parent were recorded in Sakha 109 x IET
1444 and IR 69116 x Sakha Super 300 under water deficit
Nerica.9 x Sakha Super 300 and IR 65600-77 x Nerica 9,
rice genotypes for flag leaf area under normal conditions.
Moreover, Sakha Super 300 x IET 1444 and Sakha 109 x
IET 1444 under water deficit, Sakha 108 x IR 69116 and
Sakha 108 x Sakha Super 300 under normal conditions rice
hybrid exhibited either highly significant negative estimates
of heterosis for leaf rolling.

Highly significant positive estimates of heterosis for
better-parent were recorded in Sakha 104 x Sakha 109 and
Sakha 108 x Sakha Super 300, rice genotypes for
chlorophyll content under water deficit conditions. High
estimated values of mid and better parent heterosis were
recorded in IR 656-77 x Sakha Super 300 under water
deficit and normal conditions, IR 69116 x Sakha Super 300
under deficit and IR 69116 x IR 65600-77 under normal
conditions exhibited highly significant and positive
estimates of heterosis for number of panicles/plant.

On the other hand, among 28 crosses, only two,
crosses namely, IR 65600-77 x Nerica 9 and Sakha 109 x
Sakha Super 300 recorded significant positive mid and
better parent heterosis for 1000-grain weight under water
deficit conditions.

The cross Sakha 104 x Sakha 109 exhibited highest
positive heterosis for fertility % measured as a deviation from
mid-parent and better parent under water deficit conditions.
Onthe other hand, IR 65600-77 x Sakha Super 300 and Sakha
108 x Sakha Super 300 under water deficit, IR 69116 x
Nerica 9 and Sakha 108 x Nerica 9 under normal conditions
rice hybrid exhibited either highly significant positive
estimates of heterosis for grain yield/plant. These results were
in harmony with that observed by Abd El-Lattef and Mady
(2009), EI-Naem (2010), EI-Gamal (2013), EI-Naem (2014),
Ghazy (2017), Daher (2018) and Sakran et al. (2022).
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