J.Agric.Chem.and Biotechn., Mansoura Univ.Vol. 9 (3): 99 - 104, 2018

Utilization of New African Rice Varieties for Breeding Egyptian Cultivars Tolerant to
Water Deficit

Elgamal, W. H."; W. F. Ghidan and A. M. Elmoghazy

Rice Research and Training Center, Field Crops Research Institute, Agricultural Research Center,

Egypt
Corresponding author's email: elgamal.rrtc@gmail.com

ABSTRACT

Feis artip,
oy o

CHECKED

against plagiarism

using
TumV
softvear,

Breeding rice for abiotic stress tolerance is very important objective for rice breeders. Significantly reduce in yield due to
drought-stress in most world countries, especially suffering from water lace as well as Egypt. Evaluating combining ability effects would
provide valuable information that can be used for developing new drought tolerant lines. This study was conducted at Sakha Agricultural
Research Station during 2014 to 2016 rice growing seasons to determine combining ability and gene action for grain yield and other
important traits to identify the superior varieties/parents and crosses under both drought and optimum conditions. Six F; hybrids were
generated by crossing four rice genotypes in a half diallel mating scheme in addition to their six F, populations after self-pollination. The
four populations (P;, P,, F; and F,) for all the six crosses were evaluated in a replicated field trial under drought and normal conditions.
Drought stress significantly decreased the mean values of all the studied traits for parents and their hybrids compared with the control
condition. Significant differences were observed among parents and their hybrids for most traits under both research conditions. General
combining ability (GCA) and specific combining ability (SCA) means squares were highly significant for grain yield and most traits
under test environments. The non-additive gene action played an important role in the inheritance of most studied traits. The parental
genotypes NERICA3 and NERICA4 appeared to be the best general combiners for earliness and grain yield. The cross combinations;
Gizal 78XNERICA3; Gizal 78<xNERICA4 and NERICA3XNERICA4 in both F, and their F, generations were distinguished as specific
combiners for grain yield and other related traits under normal and drought conditions. These results emphasized by positive heterosis
over high parents followed by high values of inbreeding depression. Hence, these hybrids would be valuable in rice breeding for

improving grain yield under drought stress condition.

Keywords: Rice, NERICA, Drought, Combining ability, Heterosis.

INTRODUCTION

Rice (Oryza sativa L.) is the main food crop for
over one-half of the world's population (Yuan, 2014). By
the year 2030, the world population is expected to reach
approximately eight billion (Fageria, 2007). Hence, it will
be necessary to increase rice production by 40% to meet
the growing world population. Drought is one of the major
constraints that effects on rice production worldwide. It is
estimated that 50% of the world rice production are
affected more or less by drought (Boumaner al, 2005).
Rice occupies about 22% of the total cultivated area in
Egypt during summer season and it consumes about 20%
of the total water resources. Due to the limited water
resources in Egypt and increasing population, the total
water requirements for rice crop caused a big problem.
Some of rice cultivated areas, especially which located at
the end of the terminal canals suffer from shortage of
irrigation water during different growth stages, which are
considered to be one of the most serious constraints to rice
production in Egypt (Abd Allah et al., 2010). Development
of new rice promising lines tolerant to drought or water
deficit is the most straightforward way to overcome this
problem.

NERICA’s rice varieties are very important
resources for biotic and abiotic stress conditions which
derived from inter-specific crossing between Oryza sativa
and Oryza glaberrima from the African Rice Center in
Bouake, Ivory Coast (Somadoer al., 2008). These varieties
have a good gene pool to improve our cultivars.
NERICA’s Genotypes are new materials and promising to
be utilized as a source for water deficit tolerance in Egypt

To design an effective breeding program for
developing drought tolerance cultivars, knowledge and
understanding the type of gene action controlling the
inheritance of different traits is important. Diallel analysis
is the choice of providing such detailed genetic information

about type of gene action (Lonnquit and Gardner 1961).
This information helps in emphasizing on the breeding
strategy, either selection when GCA effects are important;
inbreeding followed by cross breeding when SCA effects
are predominant; or selection followed by hybridization if
both are important; because GCA effects are attributed to
the preponderance of genes with additive effects and SCA
indicates the predominance of genes with non-additive
effects (Sharma, 1994). Parents of the best potentiality
transmit the high yielding ability or improved earliness and
level of drought tolerance traits to their progeny of new
combinations, are those exhibiting the highest GCA
effects. Whereas, the highest SCA effects combinations
demonstrate the exploitation of heterosis concept. Proper
choice of parents on the basis of their combining ability
status for putative drought tolerant attributes as well as
yield contributing traits and selection in a typical target
environment will help in combining complex traits such as
productivity and drought tolerance (Muthuramu et al,
2010). In view of the above, the main objectives of the
present study were to assess genetic parameters and
combining ability for agronomic, yield and yield
component characters under drought-stress and normal
conditions. In addition, to identify the most desirable
genotypes for the rice breeding program under these
conditions.

MATERIALS AND METHODS
Plant Materials and Designation:
The present study was conducted at the

experimental farm of the Agricultural Research Station,
Sakha, Kafr El-Sheikh, Egypt. During 2014to 2016
successive rice growing seasons, four rice genotypes
namely; Giza 177 and Giza 178 (Egyptian varieties
characterized as Early, semi dwarf and high yielding
varieties), while NERICA3 and NERICA4 are inter-
specific varieties derived from two following crosses CG
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14 (O. glaberrima) xWAP 450-1-B-P-28-HB (Oryza
sativa L) and CG 14 xWAP 450-1-B-P-91-HB.These
parents represented a wide range of diversity, were crossed
in a half diallel mating design to produce six Fy's in the
2014 growing season. Part of the six F,’s seeds were
sowing and transplanting during 2015 summer season for
self-pollination to getting six F, populations. All the
genotypes (four parents, six F,'s and their six F,
populations) were evaluated in two experiments in the
2016 rice growing season. The first experiment was
normally irrigated with continuous flooding (normal
condition). The second was irrigated every 12 days without
any standing water (drought-stress condition). Each
experiment was designed in a Randomized Complete
Block Design (RCBD) with three replications. Each
genotype of parents and F; was planted in three rows per
replicate, while the F, population planted in 10 rows. The
row was five meters long with the spacing 20 x 20 cm
between rows and plants within rows. All the
recommended agronomic and plant protection practices
were uniformly followed throughout the crop growth
period for raising ideal crop stand.

Traits Measurements:

Data were recorded on ten individuals guarded
plants for parents and F, plants, while 100 individuals were
observed in F, data record per replicate. The studied traits
were; days to heading (day), root thickness (mm), plant
height (cm), leaf rolling score, number of panicles/plant,
spikelet fertility (%) and grain yield/plant (g). Leaf rolling
score was recorded by visual estimation based on method
by De Dattaet al., (1988).

Data Analysis:

The analysis of variance for each experiment
(normal and stress conditions) was done according to Steel
and Torrie (1980). Combining ability analysis was
performed according to Griffing (1956) method 2 model 1.
Heterosis over high parent was estimated as a percent
increase or decrease in F;’s over the better parent
(Heterosis) as F1-BPx100/BP (Liang et al., 1971), where F,
is mean of F,’s, BP is mean of the better parent for each
cross. Inbreeding depression was expressed as percent
decrease observed in F, over F, as F,-F,x100/F,, where F,
is mean of F,’s.

RESULTS AND DISCUSSION

Analysis of variance:

Analysis of variance showed that the mean squares
due to genotypes, parents and crosses were highly significant
for all studied traits under normal conditions except for leaf
rolling score in case of Fland under drought-stress
conditions except for spikelet fertility % in case of F2 (Table
1). This indicates the presence of sufficient genetic
variability among the genotypes, which is considered
adequate for further biometrical assessment. Mean squares
due to parents vs. crosses were significant and highly
significant for the studied traits under both conditions except
for leaf rolling score in case of F2. These results revealed
good scope for the manifestation of heterosis in all the
studied traits (Jayasudha and Sharma, 2009; Rahimi et al.,
2010; El-Mowafi ef al., 2012 and Sanghera and Hussain
2012).

Table 1. Mean square estimates of both ordinary and combining ability analysis for all the studied traits under

normal and stress conditions.

Days to heading Root thickness

S.0.V df. (day) (mm) (cm)

Plant height

Leaf rolling No. of Spikelet Grain
score panicles/plant fertility (%) yield/plant (g)

N S N S N S

N S N S N S N S

F, 0233 0.700 0.002 0.000 0.533

Replications 2 733 3233 0000 0001 1408

Genotypes 9
Crosses (¢) 5

Parents (p) 3

1.300 0.70
1.758 0.533 0400 0.0583
Fy 41.76%*%72.16** 0.163%* 0.204** 195.9%* 424 4**3 052** 11.02%* 38.53%* 22.17** 185.1** 54.90** 151.8** 126.3**
F, 44.68%*53.44%* 0.147** 0.165%* 185.7** 381.9**5.185** 10.90** 30.67** 14.24** 186.0** 89.58 60.72%*70.74**
F; 12.10%*%83.46** 0.035%* 0.064** 12.35%* 172.5%* (.855 2.888** 23.38** 3.666** 89.56** 93.64** 149.1**95.55%*
F, 11.83*%23.78**0.061** 0.038** 30.03** 59.45**5.033** 3.955%* 26.83** 5.600** 39.49** 09.32 85.31**48.99**
F; 30.30%*%45.11%* 0.234** 0.286%* 114.4** 271.6** 6.75** 26.11** 34.68** 17.90** 110.9** 8.634* 36.95%*115.7**
F, 30.30%*%45.11%* 0.234** 0.286%* 114.5%* 271.5%* 6.75** 26.11** 34.68** 17.90** 110.9** 8.634 36.94**115.7**
F) 224.4%%96.80%* 0.589%* 0.648%* 1358** 2142%* 2.938** 6.422%* 125.8** 127.5%* 885.7** 0.004** 510.7**312.2**

0.533 0475 0033 1902 2025 0400 0.562
1.858 0.544 3458 3.280* 4.103

PvC.y) 1 F, 252.1%%226.7%* 0.315%* 0.440%* 1178** 2325%* 125 0.022 37.81%* 46.51** 1143** 283.7* 9.090**44.43**
GCA 3 F; 4.346%*%1.222%* 0.088%* 0.124** 22.91** 103.6**2.457** 9.333%* 23.04** 4.174** 19.26** 5.118** 25.36**75.07**
F, 1837*%11.41**0.106™* 0.105%* 44.67** 57.34**3.543** 9.630** 23.98** 7.008** 16.68** 20.73 0.386**53.66**

SCA 6 Fy 18.71%%35.47%* 0.038** 0.040** 86.52** 160.4** 0.298** 0.844** 7.748** 9.000** 82.94** 24 89** 63 25%*25.64**
F, 7.938**21.01%*0.021** 0.030%* 70.53** 162.3**0.821** 0.637* 3.346** 3.621** 84.66** 34.42 30.17**8.542%*

Error 18 F, 0418 0441 0.001 0001 0348 1263 0441 0533 0605 0478 1325 2381 0873 2.558
F, 0492 0529 0.001 0000 0584 1045 049 0548 0355 0.682 2204 4894 0.776 3.292

GCA/SCA F, 0232 0034 2315 3.100 0264 00645 8244 11.054 2973 0463 0232 0204 0400 2927
F, 2358 0054 5047 3500 0.633 0353 4315 15117 7.166 1935 0.197 0.602 0.013 6.282

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

N= Normal and S= Stress condition

General (GCA) and specific (SCA) combining
ability mean squares were highly significant for all the
studied traits under normal conditions while under drought-
stress conditions GCA and SCA mean squares were
significant and highly significant for all the studied traits

except for spikelet fertility % in case of F2. These results
would indicate the importance of both additive and non-
additive gene effects in the inheritance of such traits. The
ratio of GCA/SCA was less than unity for days to heading,
plant height, spikelet fertility % under both environments

100



J.Agric.Chem.and Biotechn., Mansoura Univ.Vol. 9 (3), March, 2018

and grain yield/plant under normal irrigation, while
GCA/SCA ratio was more than unity for root thickness, leaf
rolling, no. of panicles/plant under both environments and
grain yield/plant under drought conditions. These results
indicated that the non-additive gene effects played a major
role in the genetic expression of these traits, while the
inheritance of the expected traits was mainly controlled by
additive gene effects. This finding is consistent with those
reported for rice hybrids evaluated wunder similar
environments (El-Mowafi et al., 2005; Gaballah 2009 and
Hadifa 2012). However, these findings are in contrary with
those of Sanghera and Hussain 2012 and El-Hity
etal.,2015.

Mean performance:

Drought-stress caused great reductions in most of
the studied traits compared with normal conditions (Table
2). Moreover, rice genotypes greatly differed in their
responses under both conditions for all the studied traits.
Water stress delayed for days to heading for all studied
combinations, except Giza 178 x NERICA3 and
NERICA3XNERICA4in case of Fy. The two parents Giza
177 and NERICA 4 and the cross combinations (Giza
177*xNERICA4) and (Giza 178xNERICA 3) in both F,
and F, generations exhibited the desirable mean values
towards the earliness under both normal and water stress
conditions. Delayed flowering under drought is associated
with an apparent delay in floral development when stress
occurs between panicle initiation and pollen meiosis (from
30 to 10 days before heading) (Lafitte et al., 2004). With
respect to plant height, the two parents Gizal77 and
NERICA 3 and the two crosses (Giza 177xGizal78) and
(Gizal77xNERICA 3) scored the desirable mean values
towards dwarfing under both environments. There was
significant reduction in plant height under water stress
condition in the most of rice genotypes studied. Water
stress greatly suppresses cell expansion and cell growth
due to lower turgor pressure, the reduction in plant height
is associated with a decline in cell enlargement under water
stress (Kamoshitaer al, 2008). Concerning leaf rolling
score, the two parents NERICA 3 and NERICA 4 as well
as the crosses (Giza 177 x NERICA 4); (Giza 178 X
NERICA 4) and (NERICA 3 x NERICA 4) gave the
lowest score desirable for this trait under normal irrigation
and water stress conditions in both F; and F, generations,
indicating that these genotypes could be considered as a
good candidate for drought tolerance. For number of
panicles/plant, that all F; and F, generations for most
crosses gave the highest values compared with their
parents under normal and stress conditions. The parental
genotype Gizal 78 gave the highest mean values of number
of panicles/plant under normal condition while the parent
NERICA 4 gave the highest value under drought
conditions and the crosses (Gizal77% Gizal78); (Gizal78
x NERICA 3) and Gizal 78% NERICA 4) gave the highest
mean values for number of panicles/plant in F; and F,
generations under both normal and water stress conditions.
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For spikelets fertility %, the parental variety Gizal77
recorded the highest mean value under normal condition
while the parent NERICA4 recorded the highest value
under drought condition and the cross combinations (Giza
177 x NERICA 4); (Gizal 78 x NERICA 3) and (Giza 178
x NERICA 4) recorded the highest desirable mean values
for number of panicles/plant under both environments.
Regarding root thickness, the two parents; NERICA4 and
NERICA3 gave the thickest root values under both
conditions and the crosses (Gizal78 x NERICA 3); (Giza
178 x NERICA 4) and (NERICA 3 x NERICA 4)
recorded the highest desirable values of root thickness in F,
and F, generations under both normal and stress
conditions. The grain yield is the important trait for
breeders and producers, the values of grain yield /plant
under normal conditions showed by the parents Giza 178
and Giza 177 while, NERICA 3 and NERICA 4 gave the
high yield/plant under drought stress. All the studied
crosses gave higher values of grain yield /plant under
normal condition in both F, and F, generations while, some
of studied crosses exhibited high yielding under drought
conditions, i.e. (Giza 177 x NERICA 4); (Gizal78 x
NERICA 3); (Giza 178 x NERICA 4) and (NERICA 3 x
NERICA 4)in both F, and F, generations. These results
indicate the role of NERICA3 and NERICA4 as a donor
for yielding ability under drought or water stress conditions
with Egyptian verities combinations even in F; or F,
generations. From previous studies by Abd Allah et al,
2010; Abd El-Maksoud ef al., 2013 and Elgamal 2013 on
drought effects on traits mean values insured that drought
effects on rice traits by negative effects but the best
genotype which has a narrow variance between normal
conditions and drought stress.

General combining ability (GCA) effects:

Identification of parents for improvement of the
trait in question necessitates the assessment of GCA effects
for the studied traits, which presented in Table 3. Results
indicated that NERICA4 was the best parent for all studied
traits of the parents, which present high significant positive
values of GCA for all traits under study for both conditions
in F; and F, generations, except for leaf rolling score, days
to heading and spikelets fertility, followed by Giza 178
which recorded positive values of GCA for No. of
panicles/plant and spikelets fertility under normal and
drought conditions in addition to grain yield /plant in both
F, and F, generations under normal conditions. The parent
Giza 177 was the best general combiner for early heading
and plant height, which identified as good combiners for
developing short stature genotypes under both
environments in F; and F, generations, while the parental
genotype NERICA3 recorded high significant positive
GCA values for root thickness under both conditions in F;
and F, generations and for grain yield /plant under drought
conditions. Sharma (2006); El-Mowafi et al.,(2012) and
El-Hity et al,(2015) reported similar results during
previous studies on GCA.
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Table 2. Mean performance for parents and their F,'s and F,'s for all the studied traits under normal and stress

conditions.
Days to heading Root thickness  Plant height  Leaf rolling No. of Spikelet Grain
Genotypes (day) (mm) (cm) score panicles/plant fertility (%) yield/plant (g)
N S N S N S N S N S N S N S
Giza 177 93.67 9633 1.13 1.15 9400 6883 3.67 7.00 1533 9.00 9450 73.50 39.07 20.52
Giza 178 100.33 104.67 1.17 120 10933 86.33 1.67 567 19.67 12.67 91.00 7233 4122 21.55
NERICA3 100.00 103.67 1.63 1.68 102.83 83.83 0.67 1.67 11.83 11.33 86.96 73.00 33.37 30.89
NERICA 4 96.33 9933 1.63 173 10433 89.00 033 1.00 1333 14.83 80.33 7620 35.56 32.53
Giza 177 x  F; 10533 105.67 147 152 11400 90.67 1.67 3.67 23.67 1533 7133 66.18 40.36 24.14
Giza 178 F, 106.67 110.67 1.33 1.50  115.67 9450 1.00 5.00 2083 15.67 70.33 63.10 38.00 23.09
Gizal77 x  F; 102.67 112.00 1.67 1.63 116.00 9033 100 3.67 1733 17.00 73.14 72.00 37.87 27.93
NERICA3  F, 104.67 10933 157 165 109.67 100.00 3.67 433 15.00 1233 7633 62.67 3827 24.37
Gizal77 x  F; 102.67 10400 1.72 175 119.17 108.67 1.00 3.00 16.83 15.17 80.33 7833 40.15 34.11
NERICA4 F, 101.00 10333 162 1.65 11567 10567 1.00 3.00 1500 13.67 80.33 61.72 34.18 30.33
Giz178 x F, 10033 9567 170 177 117.00 10633 1.00 3.00 21.83 17.00 86.17 82.00 53.63 37.67
NERICA3  F, 10233 10467 165 175 12050 102.50 1.00 5.00 17.67 1533 74.67 70.83 33.43 3043
Gizal78 x  F; 10233 10633 1.77 188 114.67 99.67 100 3.00 22.00 17.33 7733 71.67 49.97 35.67
NERICA4 F, 103.67 10600 170 180 11600 9450 033 3.00 21.00 15.83 78.60 75.67 36.00 33.37
NERICA3 x F; 105.67 10433 175 190 11833 98.00 0.00 1.00 16.33 1500 74.33 7223 5235 37.96
NERICA4 F, 102.67 105.67 1.73 1.78 11450 100.67 033 233 1450 14.17 7330 7090 48.39 30.47
LSD 001 F, 1489 1529 0.111 0053 1358 2588 1.529 1.681 1.792 1.591 2.651 3.554 1.642 3.681
B F, 1615 1676 0.083 0032 1760 2.355 1.622 1.705 1372 1902 3.419 3.613 2.029 4.177
LSD 0.05 F; 0966 0993 0.071 0.034 0882 1.682 0.993 1.092 1.164 1.034 1.723 2309 1.067 2.392
T F, 1049 1088 0.053 0.020 1.143 1.530 1.048 1.107 0.891 1.235 2221 2346 1318 2715

N=Normal condition and S= Stress condition.

Table 3. Estimates of GCA effects for parental genotypes for all studied traits under normal irrigation and water

stress conditions.

Days to heading Root thickness Plant height  Leaf rolling No. of Spikelet Grain
Parents (day) (mm) (cm) score panicles/plant  fertility (%) yield/plant (g)
N S N S N S N S N S N S N S
Giza 177 Fy  -1.111%%-0.277%%-0.116**-0.151%**-2.833%**-5805%** (0.833** 1.333** -0.152 -1.125%** 1.015%* -0.868**-2.528**-4.015**
F, -1.000%*-0.972%%-0.133**-0.141%*-3.472%*%-4 388** 1.055%* 1.222** -0.097 -1.291**2.136** -2.579%** (0.361** -3.289**
Giza 178 F;  0.667** 0.167** -0.092**-0.090%** 1.527** 1.472%* 0.167** 0.777** 2.792** 0.431** 1.519%* -0.701** 2.456** -1.844**
F,  1.278%* 1.472%% -0.094**-0.083**3.166** 0.250** -0.222** 0.889** 2.791** (.791** 0.403** 0.718 0.225%*-1.513**
NERICA 3 F;  0.667** 0.556** 0.094** 0.093** 0.305** 0.361** -0.444**-0.889**-1.652** -0.097 -0.025 0.585**-0.315%*2.279**
F,  0.667** 0.861** 0.105** 0.100**-0.167** 1.444** -0.056 -0.667**-1.875%*-0.486**-0.826** 0.073 -0.361** 1.357**
NERICA 4 F;  0222%%-0.444**%0.114** 0.148** 1.000** 3.972%* -0.556**-1.222%*-0.986** 0.791** -2.508** 0.985** 0.388** 3.580**
F,  -0.944%*%-1.361**0.122%* 0.125%* 0.472%* 2.694** -0.778**-1.444**-0.819** 0.986** -1.713** 1.787** 0.101 3.446**
S. E(gi) F, 0132 0.135 0.006 0.004 0.120 0.229 0.135 0.149 0.158 0.141 0.234 0314 0.190 0.326

F, 0.143 0.148 0.007 0.002 0.156 0.208

0.143  0.151 0.121 0.168 0303 1428 0.179 0.370

*, ** Significant at 5% and 1% levels, respectively.
N=Normal condition and S= Stress condition.

Specific combining ability (SCA) effects:

Estimates of SCA in studying combinations; Fjand
F, generations of the studied traits under both normal
irrigation and drought-stress conditions are shown in Table
4. The best hybrid combinations reflected that the highest
significant values of SCA effects, the cross combinations
(Gizal78 x NERICA 3) for earliness; (Giza 177 x Gizal78)
and (Gizal77x NERICA 4)for leaf rolling, where recorded
the highest negative values of SCA effects under both
normal and drought conditions in F; and F, generations.
These results agreed with Elgamal (2007) results on other
rice combinations. On the other hand, the high positive
values of SCA effects indicate good results of some traits
such as grain yield/plant, No. of panicles/plant and spikelets
fertility (%) in addition to root thickness. The all cross
combinations showed high significant positive values for
root thickness and No. of panicles/plant except on hybrid
(NERICA 3 x NERICA 4).Four cross combinations
(Gizal77x NERICA 4); (Gizal78x NERICA3); (Gizal 78x
NERICA4) and (NERICA 3 x NERICA 4) showed good
results for grain yield/plant under both conditions in F; and
F, generations, respectively. These superior crosses would

be practical interest in breeding programs in developing new
rice varieties under water stress conditions. Most of the top
grain yield performing combinations observed to be
constituted from crosses with both or one parent exhibiting
significant GCA effects. This is consistent with the notion
that parental selection for crop improvement programs can’t
be based on SCA effects alone, but in association with GCA
effects of the parents involved (Abd El-Maksoud et al,
2013; Abd El-Hadi et al., 2014 and Elgamalet al., 2015).
Heterosis and inbreeding depression:

Estimation of heterosis over better parent values and
inbreeding depression are presented in Table 5. Out of six
crosses tested, no crosses recorded negative significant
heterosis for days to heading and plant height under both
normal and drought conditions except the cross(Giza 178 x
NERICA 3) for days to heading in case of drought
conditions with high significant negative heterosis values,
which are preferred in rice breeding. Two of six crosses
(Giza 177 x NERICA 4) and (Giza 178 x NERICA 3)
recorded positive significant heterosis for spikelets fertility
% under drought conditions due to higher genetic variation
between the parents. For root thickness all crosses recorded
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positive highly significant heterosis values under both
normal and drought conditions except the two crosses;(Giza
177 x NERICA3) and (Giza 177 x NERICA 4). For leaf
rolling all cross combinations recorded high significant
positive values under drought conditions except the two
crosses (Giza 177 x Giza 178) and (NERICA 3 x NERICA
4). Regarding to No. of panicles/plant the scored results
showed significant and high significant heterosis for the
crosses (Giza 178 x NERICA 4) and (Giza 177 x Giza 178)
under both normal and drought conditions. Three crosses
(Giza 178 x NERICA 3);(Giza 178 x NERICA 4) and
(NERICA 3 x NERICA 4) recorded significant positive
heterosis for grain yield /plant under normal and drought
conditions Mirarab et al.,(2011); El-Reface and Abdulmajid
(2011) and Elgamal (2013) got similar results when they
studied the heterosis over the better parents on rice Fy’s
under drought conditions.

For Inbreeding depression in F,'s means the results
showed high positive values for most studied traits under
both conditions following the high heterosis values, which
might be due to the dominance gene action in the inheritance
of various traits. Among the different traits highest
inbreeding depression value was observed in leaf rolling
(66%) under normal condition followed by grain yield/plant
(38.89%) under normal condition; No. of panicles/plant
(29.41%) under drought condition; spikelets fertility%o
(13.92) under drought condition and root thickness (7.53%)
under normal irrigation condition. Reddy (2004); Elgamal
(2013) and Venkannaet al., (2014) studied the heterosis in F,
followed by inbreeding depression in F, and reported the
similar results in the case of inheritance of study traits, with
the importance of non-additive gene action for grain yield
and yield components in rice.

Table 4.Estimates of SCA effects for all studied traits under normal and stress conditions.

Days to heading Root thickness
(day) (mm)

Plant height

Hybrids (cm)

No. of
panicles/plant

Grain
yield/plant (g)

Leaf rolling
score

Spikelet fertility
(%)

N S N S N S

N S N S N S N S

Giza 177 F,
xGiza 178 F,
Gizal77 x F,
NERICA3 F,
Gizal77 x F;
NERICA4 F,
Gizal78 x F;
NERICA3 F,
Gizal78 x F,
NERICA4 F,
NERICA3 F,
x NERICA4 F,

S. E(Sij) E;

-1.933*%-8256** 0.134** (0.142%* 4.133** 12.40**
-0.744%%-2.033%* (0.122%* 0.143** 7.033** 8.272%*
0.956** 3.411%* 0.181** 0.203** 1.105%* 2.122%*
2.200%* 1.522%* 0.155%* 0.168** 1.894** -0.977**
4.289%* 1.022%* -0.021** 0.036** 5.994** 1.566**
1.811** 1.800** -0.011 -0.032%* 3.727** 3.994**
0319 0328 0.016 0.011 0.291

4.844%* 2.578%* 0.112%* 0.136** 4.272%* 2.900%* -0.533**-1.711%* 2.144%* 1.544** -12.74%*-5.995%* -1 727**
5.255%% 5.800%* 0.044** 0.135%* 6.005** 6.105%* -1.167**-0.911** 1.722** 2.683** -12.84**-5.031** 0.562°**
2.178** 8.522%* (0.125%* 0.070** 7.494** 4.011** -0.588** -0.044 1.255** 3.905%* -9.390**-1.461** -2.345%*
3.866** 5.078** 0.078** 0.102** 3.838** 10.911** 1.333**
3.067** 1.522*%* 0.156** 0.131** 9.966** 18.40** -0.477**-0.378** 0.422** 1.016**
L.811** 1.300** 0.111** 0.076** 8.200** 14.82** -0.611**-0.577**-0.500** 0.489**

-0.056 0.978** 0.333** 1.544** -5.550** 0.050

-0.318
0.035
-0.658
-5.01%% 4.819%* (.732%* -1.156%*
0.280 4.472%* 0.535%* 4.526**
-0.730 -7.483%*-3330** 2.652**
3.130%* 8.372%* 9.134** 6.870**
-3.840%** 2.629**
0.188  0.178 2.644** 1.627** -3.220%*-2.361** 4.697** 3.608**

-0.022 0.555%** 0.627**

0.078 -0.156 2.144** 2.183**

-0.333** -0244 2,611** 0.572** -0.730 3.169 -2.302** 3.896**
-0.200
-0.167 0.644** 0.778** 0.100
0.556 0.328 0.361
0347 0359 0.017 0.006 0377 0505 0348 0.366 0294 0.408

-0.156 1.422%* -0.178 -4.680**-3.081** 9.919** 1.775%**
-4.790** 0953 10.874**-2.095%*
0569 0.762 0.462 0.790

0.733 3458 0.435 0.897

0.384 0341

*, ** Significant at 5% and 1% levels, respectively.
N=Normal condition and S= Stress condition.

Table 5. Estimation of heterosis over better parent (H%) and inbreeding depression (ID%) foe all studied traits

under normal (N) and stress (S) conditions.

Days to heading Root thickness Plant height  Leaf rolling No. of Spikelet fertility Grain
Hybrids (day) (mm) (cm) score panicles/plant (%) yield/plant (g)
N S N S N S N S N S N S N S

Giza177x H% 1246** 9.69%* 20.00%* 21.05%* 20.63** 33.66** 0.00 -54.49%* 13.56** 21.05%* -24.51** -9.96%¥* -1.60 12.02*
Gizal78 ID% -190 -377 753 067 -175 -556 -50.00 -66.67 1250 -6.67 411 455 500 417
Gizal77x H% 9.61** 1626** 2395 -3.070* 22.75%* 33.66** 33.00 54.49** 10.87 5147**-22.60** -2.04 -486 -9.58**
NERICA3 ID% -194 268 663 -061 517 -11.11 -50.00 -66.67 11.76 2941 -133 1600 0.00 1429
Gizal77x H% 9.61** 7.96%* 5232** 1.142 26.10%* 60.20** 67.00 66.67** 9.78 225 -14.99** 2.80* 431  5.80
NERICA4 ID% 098 096 595 571 417 275 000 000 1176 1333 000 1392 1500 11.76
Giz178 x H% 033 -7.72%F 4.117* 5.084** 13.78%* 26.84** 33,00 44.33** 593 34.21** -531** 12.33%* 3(.12%* 21.82%**
NERICA3 ID% -3.00 -947 237 1.69 -256 374 000 -3333 1000 11.76 1279 1325 3889 21.05
Gizal78 x H% 6.23%* 7.05%* 7.909%* 7.978%* 9.73** 1544** 66.00 66.67** 11.86* 16.85* -15.02%* -5.95%* 21.06%* 9.65%*
NERICA4 ID% -196 000 28 000 -087 600 6600 -50.00 455 11.11 -130 -563 2800 833
NERICA3 H% 9.69%* 5.03** 6.857**% 8.947** 15.07** 16.90** 0.00 0.00 22.50%* 1.12 -14.52%* -521** 47.22%* 16.69%*
xNERICA4ID% 283 -192 000 212 339 -306 000 0.00 1250  6.67 135 278 769 2105
LSD H% 1% 1053 1.082 0079 0037 0960 1830 1.082 1.189 1267 1260 1.875 2513 1522 2605

5% 0684 0.703 0.051 0024 0.624 1189 0.703 0.773 0.823 0.732 1218 1.636 0989 1.692

*, ** Significant at 5% and 1% levels, respectively.
N=normal condition and S= stress condition.
H%= heterosis over better parentandID= inbreeding depression.
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