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ABSTRACT
. The present investigation was carried out at the Experimental
" Farm of Rice Research and Training Center, Sakha, Kafr EL. Sheikh,
Egypt, during 2005, 2006 and 2007 rice growing seasons to study the
inheritance of some physiological and chemical characters associated
with drought tolerance in a diallel mating among eight rice Cultivars,
beside 28 F, crosses. These Cultivars were IET1444, Moroberekan,
BG-35-1, Hexi30, Gizal78, Giza 182, Sakhal01 and Sakhal04. The
characters studied were the number of days to heading , plant height,
number of tillers /plant, panicle length, leaf rolling , leaf angle , flag
leaf thickness, chlorophyll content, nitrogen content, potassium
content, relative water content ,drought susceptibility index (DSI) and
water use efficiency. The analysis of variance for all studied
characters indicated highly significant mean squares for flag leaf
angle, flag leaf area, chlorophyll content and relative water content,
while, flag leaf thickness, potassium content, nitrogen content and
water use efficiency under their combined data. Parents vs. crosses
mean squares, as an indication to average heterosis overall crosses,
were found to be highly significant for all characters studied, except
for flag leaf thickness, potassium content, nitrogen content and water
use efficiency under both environments and their combined data. The
interactions of genotypes, parents and crosses with environment were
detected to be highly significant for the studied characters, except, for
flag leaf thickness, potassium content, nitrogen content and water use
efficiency revealing that these genotypes differently behaved from one
environment to another. The interactions of parents vs. crosses with
environments were significant for the studied traits, except, for flag
leaf area, flag leaf thickness, potassium content, nitrogen content and
water use efficiency. Results indicated that the parents, [ET1444,
Moroberekan, BG35-1, Gizal78 and Sakha 104, were found to be
good combiners for most of the studied traits. The most desirable
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specu!c commeg aLILty e cts llor most op tLe stu<!!e<! cLaracters
were detected in the crosses, IET 1444 x Sakha 101, Moroberekan x
Giza 178 and BG 35-1 x Sakha 101. The most pronounced useful
heterotic effects were detected in the crosses, IET 1444 x Sakha 104,
Moroberekan x Giza 178, Moroberekan x Sakha 101 and Giza 178 x
Sakha 104 for the traits studied. Most of the crosses differed in
potence ratio from one to another.

INTRODUCTION

Drought limits the agricultural production by preventing the
crop plants from expressing their full genetic potential. Three
mechanisms; namely, drought escape, drought avoidance and drought
tolerance are involved in drought tolerance .

Various morphological, physiological and biochemical characters
confer drought tolerance. Morphological and physiological characters
show different types of inheritance pattern (monogenic and polygenic)
and gene action (additive and non-additive), whereas, the genes
responsible for biosynthesis of different compatible solutes have been
identified and cloned from plants, yeast, mouse and human. Different
breeding approaches for drought tolerance have emerged, with their
merits and demerits. Efficient screening techniques are pre-requisite
for success in selecting desirable genotypes through any breeding
program (Pantuwan et al., 2002). -

Drought is actually a meteorological event, which implies the
absence of rainfall for a period of time, long enough to cause
moisture-depletion in soil and water deficit with a decrease of water
potential in plant tissues (Staples and Kuhr, 1980). But, from
agricultural point of view, its working definition would be the
inadequacy of water availability, including precipitation and soil-
moisture storage capacity, in quantity and distribution during the life
cycle of a crop plant, which restricts the expression of full genetic
potential of the plant. It acts as a serious limiting factor in agricultural
production by preventing a crop from reaching the genetically
determined theoretical maximum yield (Begg and Turner, 1976). The
effect of drought on crop production and overall economy is well
known. Most of the crops are sensitive to water deficits, particularly
during flowering to seed development stage (Salter and Goode, 1976).
Even crops grown in arid and semi-arid regions, such as pearl millet,
sorghum and pigeon pea, are also affected by drought at the
reproductive stage.
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In genetic sense, the mechanisms of drought can be grouped
into three categories; viz., drought escape, drought avoidance and
drought tolerance (Levitt, 1972). However, crop plants use more than
one mechanism at a time to resist_drought. Drought escape is defined
as the ability of a plant to complete its life cycle before serious soil
and plant water deficis develop. This mechanism involves rapid
phonological development (early flowering and early maturity),
developmental plasticity (variation in duration of growth period
depending on the extent of water-deficit) and remobilization of
parenthesis assimilates to grain. Drought avoidance is the ability of
. plants to maintain relatively high tissue water potential, despite a
shortage of soil-moisture, whereas, drought tolerance is the ability to
withstand water-deficit with low tissue water potential. Mechanisms
for improving water uptake, storing in plant cell and reducing water
loss confer drought avoidance.

Drought avoidance is performed by maintenance of turgor
through increased rooting depth, efficient root system and increased
hydraulic conductance and by reduction of water loss through reduced
epidermal (stomatal and lenticular) conductance, reduced absorption
of radiation by leaf rolling or folding (Begg, 1980) and reduced
evaporation surface (leaf area). Plants, under drought conditions
survive by doing a balancing act between maintenance of turgor and
reduction of water loss (Shashidhar er al., 2000). The mechanisms of
drought tolerance are maintenance of - turgor through osmotic
adjustment (a process, which induces solute accumulation in cell),
increase in elasticity in cell and decrease in cell size and desiccation
tolerance by protoplasmic resistance.

In Egypt, rice is one of the major water consuming crops and
continues flooding is the only method for irrigation. Rice occupies
about 22% of the total growing area in Egypt during summer season
and it consumed about 20% of the total water resources. Because of
the water resources in Egypt are limited, in addition to increasing
population, the total water requirements for rice crop is a serious
problem because of the limited irrigation water available from the
River Nile. Some rice planted areas, especially those are located at
the end of the terminal irrigation ditales in the northern part of the
Nile Delta, 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. To overcome this problem,
ways must be found to increase the productivity of water used for
irrigation and find ways for saving more irrigation water. One of the
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important ways for saving irrjgation water is the use of short duration
* rice cultivars. It is very important to find ways for saving more water
without significant reduction in grain yield. It was started to overcome
this problem in Egypt by developing short duration cultivars, such as
Giza 177(released in 1995), Giza 178 (released in 1997), Shakha 101
(released in 1997), Sakha 102 (released in 1997), Sakha 103 (released
in 1999), Giza 182 (released in 2000) and Sakha 104 (released in
2000). The second direction for saving irrigation water is developing
drought tolerant lines to be grown in the areas affected by the shortage
of irrigation water to reduce the total water requirements. This
investigation was aimed to study the inheritance of some
physiological and shoot characters associated with drought tolerance.

MATERIALS AND METHODS

' The present investigation was carried out at the Expenmental
Farm of the Rice Research and Training Center (RRTC), Sakha, Kafr
EL-Shiekh, Egypt, during the three successive rice growing seasons,
2005, 2006 and 2007, to study the inheritance of some physiological
characters associated with drought tolerance. Eight genotypes ;
namely, IET1444, Moroberekan, BG-35-1, Hexi30, Gizal78, Giza
182, Sakhal01 and Sakhal04, were chosen, based on previous studies.
These genotypes had a wide range of variations due to their different
genetic background. The introduced cultivars, IET1444, Moroberekan
and BG-35-1, were used as drought tolerance and the cultivars,
Sakhal04 and Gizal78, were used as moderate tolerance and
Gizal82, Sakhal0l and Hexi30 were used as drought susceptible
ones.

Seeds of such cultivars were grown in three successive sowing
dates during 2005 season, with ten days intervals to overcome the
difference of heading date among them. Thirty days after sowing,
seedlings of each cultivar were individually transplanted in the
permanent field in three rows, five meters long and 20 cm among
plants and rows. One- half diallel cross was carried out among the
eight parents to produce F, hybrid seeds. Bulk emasculation method
was practiced by using hot water technique, according to Butany
(1961). In 2006 season, a total of 28 crosses, beside their parents, were
grown in a randomized complete block design (RCBD) with three
replications, each replicate consisted of five rows for each parent and
F; cross. Each row was 5 m long and contained 25 hills, with 20 cm
among rows. Weeds were chemically controlled by applying two liters
of Saturn/ feddan four days after transplanting. Nitrogen fertilizer was
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applied at the recommended rate and time of application. All
genotypes, viz., eight parents and 28 F,; crosses, were planted under
both normal and drought conditions. Drought stress was imposed by
using flush irrigation every twelve days without standing water after
irrigation. Some shoot and physiological characters; i.e. number of
days to heading , plan. neight, number of tillers /plant, panicle length,
leaf rolling (was recorded by a visual estimation, based on methods
proposed by De Data et al.,1988), leaf angle (measured at heading by
separating the main tiller from the rest of plant), flag leaf thickness
(measuring by micrometer in the medium flag leaf), chiorophyll
_ content( total chlorophyll content was determined by using
chlorophyll SPAD-502 meter), nitrogen (%) (N content in the leaves
were estimated at vegetative stage, according to Hafez and
Mikkelsen,1981), potassium content (extracted by ammonium acetate-
EDTA, according to Cottenie et al, 1982), relative water content
(determined by the method of Barrs and Weatherly 1962), drought
susceptibility index (DSI) (calculated for each line using the formula
given by Saulescu et al. (1995) and water use efficiency (measured
following Mitchel, 1978), these measurements were recorded at
different stages of rice plants. Each plant was individually harvested
to be grown in 2007 season as F, plants. In 2007 season, seeds of the
eight parents, F) and F, crosses were evaluated under both normal and
drought conditions in a randomized complete block design, with three
replications. The same technique of 2006 was used, where all
genotypes were planted (five rows for each parent and F; cross and
twenty rows for each F, population) and all recommended cultural
practices were used. :
Statistical analysis
At first, the data were analyzed by the ordinary analysis of
variance to test the significance of differences among the twenty eight
genotypes. The genotypes mean squares were found to be significant.
There was a need to proceed for further analysis followed by Griffing
(1956). The combined analysis was calculated over the two
environments to test the interaction of the different genetic
components with the two environments, as two different
environmental conditions. Homogeneity test was done, followed by
Bartlett (1937), before proceeding the computations of the combined
experiments and the error variances of the tests were homogenous.
For each trait, the heterosis of an individual cross was determined as
the increase of the F; hybrid mean over its better parent
(heterbeltiosis), according to Wyanne et al. (1970). The degree and
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nature of dominance (potence ratio) of the studied traits, in F; crosses,
were calculated. The data of each character of each F, hybrid
population (individuals) were separately analyzed by the analysis of
variance, according to Panse and Sukhatme (1957). The genetic
parameters; i.e., phenotypic variance, genotypic variance and genetic
coefficient of variation were computed, according to the formula
suggested by Burton and Devane (1952). Heritability, in broad sense,
and genetic advance upon selection, were computed according to
Johanson et al. (1955).

RESULTS AND DISCUSSION

Mean performance:

The ordinary analysis of variance indicated highly significant
differences among genotypes for all traits studied in their combined
data. Means of the traits in their combined data are shown in Table

).

For number of days to heading (Tablel), the genotypes,
Moroberekan, Giza 178, Sakhal04, IET1444 x BG35-1, IET1444 x
Sakha 101 and Moroberekan x Sakha 101, gave the highest mean
values under both environments and their combined data. While, the
parents, Hexi 30 and Giza 182, and the crosses, I[ET1444 x Giza 178,
Hexi30 x Giza 178, Hexi 30 x BG35-1 and Hexi 30 x Giza 182, were
found to be earlier than the others.

Concerning number of tillers /plant (Tablel ), the parents,
1IET1444, Moroberekan, BG35-1 and Giza 178, and the crosses, IET
1444 x Giza 178, IET 1444 x Giza 182, Moroberekan x Giza 178, BG
35-1 x Giza 178, BG 35-1 x Giza 182 and Giza 178 x Giza 182 gave
the highest mean values for this trait and the values range from 20.40
to 26.50 tillers/plant. While, the genotypes, Hexi 30, Moroberekan x
Sakha 104 and Hexi 30 x BG35-1, gave the lowest mean values and
ranged from 12.66 to 26.83 tillers /plant.

For plant height, there was a significant difference among
genotypes suggesting that the growth rates were different. IET1444,
Moroberekan, Sakha 104 as well as IET1444 x Moroberekan,
IET1444 x Giza 178, Moroberekan x Giza 182, Hexi 30 x Giza 178
and BG35-1 x Sakha 104 genotypes recorded the highest values at
both environments and their combined data, compared to the others.
The most desirable mean values towards dwarfing were obtained from
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the genotypes, Hexi 30, Giza 182, Giza 178, Sakha 101, and

Moroberekan x akhal04, BG35-1 x Giza 182,

Table 1: The genotypes mean performances of the combined data
for the characters studied (normal and drought

conditions).
N TN | No.ottlors | Pt | Torkot | PR g
Entries Iplant angle
(day) {cm) {cm) {cm)

IET 1444 104.16 19.16 100.30 22.50 28.53 Narrow
Moroberekan 108.56 20.20 120.90 26.03 4 Narrow
Hexi 30 9138 13.95 90.38 24.17 1721 Wide
BG 35-1 106.73 16.03 99.28 24.17 19.52 Wide
Giza 178 107.21 20.81 96.19 2092 25.42 Narrow
Giza 182 96.06 17.20 93.14 18.25 28.91 Narmow
Sakha 101 105.98 21.25 91.33 25.67 21.79 Wide
Sakha 104 109.91 18.93 104.20 21.50 21.96 Narrow
IET 1444 X Moroberekan 100.75 19.53 137.50 25.17 21.59 Wide
IET 1444 X Hexi 30 102.36 18.71 103.50 25.92 13.99 Wide
IET 1444 x BG 35-1 107.63 17.95 110.80 2289 29.58 Narrow

|_IET 1444 x Giza 178 100.23 22.87 122.80 26.00 26.38 Wide
| IET 1444 x Giza 182 102.43 23.00 11030 BN 20.59 Narrow
JET 1444 x Sakha 101 109.11 19.46 119.30 27.83 25.44 Narrow
IET 1444 x Sakha 104 105.71 19.90 12930 24.33 2717 Nasrow
Moroberekan X Hexi 30 101.63 19.95 113.30 19.25 15.86 Wide
Moroberekan x BG 35-1 104.33 15.50 120.20 2025 323 Narmow
Moroberekan x Giza 178 101.53 26.78 142.00 2895 26.88 Narrow
Moroberekan x Giza 182 98.90 24.96 135.90 28.33 21.14 Wide
Moroberekan x Sakha 101 111.25 14.25 134.60 2783 18.57 Wide
Moroberekan x Sakha 104 | 109.86 12,66 0030 | 1942 1627 Namow
- Hexi 30 x BG 35-1 98.68 12,75 103.80 22.17 20,31 Wide
Hexi 30 x Giza 178 95.16 19.23 128.80 25.60 2024 . Narow
Hexi 30 x Giza 182 96.00 20.16 121.40 23.00 12 Wide |
Hexi 30 x Sakha 101 103.95 20.43 102.40 19.08 19.69 Narrow
Hexi 30 x Sakha 104 102.43 19.36 109.60 2033 25.48 Wide
BG 35-1 x Giza 178 108.25 26.83 102.40 2190 29.07 Wide
BG 35-1 x Giza 182 100.83 26.40 98.25 2298 21.74 Narrow
BG 35-1 x Sakha 101 104.83 16.73 113.90 26.17 22.03 Narrow
BG 35-1 x Sakha 104 10043 15.18 128.30 21.33 27.63 Wide
Giza 178 x Giza 182 103.90 23.13 93.21 23.25 14.03 Narrow
Giza 178 x Sakha 101 102.65 24.45 97.69 23.83 29.57 Narrow
Giza 178 x Sakha 104 101.00 2371 97.04 2342 2677 Wide
Giza 182 x Sakha 101 104.00 15.93 114.30 23.50 20.68 Narrow
Giza 182 x Sakha 104 102.55 1741 12430 26.17 2546 Wide
Sakha 101 x Sakha 104 102.93 24.11 104.60 23.58 23.13 Wide
LSD(at0.05) 1.85 314 10.82 1.67 173 -
LSD (at 0.01) 247 .47 14.39 221 229 -




971 Abd Allah, A.A. et al.

TADIC L Continued

1

Water

Lu | Tlglat | Gl | PoBssis | wivogen | Retlee | uas
Entries rolling (mm) content content content content eﬂijv'enc
IET 1444 2 0.24 39.35 0.31 0.31 83.75 0.82
Moroberekan 2 0.27 41.07 0.39 0.39 91.01 0.47
Hexi 30 8 0.22 45.82 0.27 0.27 89.08 0.44
BG 35-1 3 0.26 47.12 8:31 0.31 72.8 05
|_Giza 178 3 03] 39.93 047 0.47 89.78 0.72
Giza 182 7 0.26 43,47 0.38 0.38 80.52 047
Sakha 101 3 0.24 4573 0.47 0.47 67.59 0.58
Sakha 104 71 024 1 4067 0.28 0.28 87.71 08
IET 1444 X Moroberekan 2 03| 4068 0.38 0.38 94.07 0.85
IET 1444 X Hexi 30 5 0.26 38.33 0.42 0.42 73.85 0.78
IET 1444 x BG 35-1 2 0.25 40.17 041 0.41 78.08 0.82
IET 1444 x Giza 178 5 0.29 41.62 0.54 0.54 78.93 083 |
IET 1444 x Giza 182 6 027 4135 0.32 0.32 81.87 072 |
IET 1444 x Sakha 101 5 0.26 42.12 0.5 0.5 85.64 0.67
IET 1444 x Sakha 104 4 0.24 43.98 053 0.53 74.72 0.86
Moroberekan X Hexi 30 5 0.24 45.711 0.48 0.48 73.02 1.04
Moroberekan x BG 35-1 3 0.27 -~ 40.72 04 0.4 84.71 0.47
Moroberekan x Giza 178 4 0.35 51.15 0.45 0.45 78.88 1.08
Moroberekan x Giza 182 5 0.3 44.83 0.34 0.34 82.23 0.67
Moroberekan x Sakha 101 5 0.29 43.9 0.48 0.48 84.95 0.69 |
Moroberekan x Sakha 104 4 0.22 426 0.47 0.47 53.75 0.6
Hexi 30 x BG 35-1 5 0.23 41.35 055 | 0.5 71.08 0.86
Hexi 30 x Giza 178 1 022 4295 041 | 041 70.42 0.74
Hexi 30 x Giza 182 7 0.27 45.68 0.44 0.44 79.49 0.8
Hexi 30 x Sakha 101 8 0.28 42.88 0.45 0.45 76.23 1.03
Hexi 30 x Sakha 104 8 0.24 4237 033 0.33 80.01 0.64
BG 35-1 x Giza 178 3 0.27 39.88 0.4 04 73.49 063 |
BG 35-1 x Giza 182 4 0.23 42.6 0.42 0.42 79.65 0.98
BG 35-1 x Sakha 101 s 0.25 4238 0.51 0.51 84.28 0.78
BG 35-1 x Sakha 104 4 0.23 43.55 0.39 0.39 84.35 0.72
Giza 178 x Giza 182 4 0.29 47.38 0.46 0.46 81.33 . 072
Giza 178 x Sakha 101 s 0.2 42.55 0.42 0.42 74.72 0.85
Giza 178 x Sakha 104 4 0.21 43.62 0.58 0.58 75.3 0.59
Giza 182 x Sakha 101 8 0.22 42.88 0.62 0.62 63.4 0.55
Giza 182 x Sakha 104 7 0.26 4278 0.4 0.4 58.39 082 |
Sakha 101 x Sakha 104 8 024 486 0.32 0.32 76.39 0.71
LSD (at 0.05) - | 006 3.06 0.05 0.05 14.32 0.23
LSD (at 0.01) Y 407 0.06 0.06 19.05 0.31
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Giza 178 x Sakha 101 and Giza 178 x Sakha 104. There was a highly
significant reduction in plant height under stress condition in some
rice genotypes studied. The maximum reduction was recorded by
IET1444, Moroberekan, Hexi30 and BG35-1 compared with the
control. '

With respect to chlorophyll content (Table 1), the most
desirable genotypes over the two environments and their combined
data were Hexi30, BG35-1 and Moroberekan x Giza 178.

Concering leaf rolling, the best genotypes were IET 1444,
Moroberekan, BG 35-1, Giza 178, IET 1444 X Moroberekan, IET
1444 x BG 35-1 and BG 35-1 x Giza 178, which gave the lowest

scores (1-3) . indicating that these entries could be tolerant for drought
stress. However, such values were not significantly different.

With respect to flag leaf area, Moroberekan, IET1444, Giza
182, IET 1444 x BG 35-1, Moroberekan x Giza 178, BG 35-1 x Giza
178, BG 35-1 x Sakha 104 and Giza 178 x Sakha 101 genotypes had
the highest mean values. While, Hexi 30, IET1444 x Hexi 30
genotypes gave the lowest values for flag leaf area under both
environments and their combined data. The most desirable mean
values for flag leaf area were found in Moroberekan, IET 1444 x BG
35-1, Moroberekan x BG 35-1, BG 35-1 x Giza 178 and Giza 178 x
Sakha 101 genotypes.

Concerning the flag leaf thickness, Moroberekan, Giza 182 and
Moroberekan x BG 35-1 were the best genotypes under both
environments and their combined data for this trait.

Concerning potassium content, the highest mean values were
found in the parents BG35-1, Giza 178 and SakhalO4, beside the
crosses, [ET1444 x BG35-1, Moroberekan x Giza 182, Hexi 30 x Giza
Giza 178 Giza 182 x Sakha 101 and Giza 182 x Sakha 104, under both
environments and their combined data.

Regarding nitrogen content, Table (1) shows that the highest
mean values were produced from Moroberekan, Giza 178, Sakha 101,
IET1444 x Sakha 104 , Hexi x BG35-1, Giza 178 x Sakha 104 and
Giza 182 x Sakha 101 genotypes under both environments and their
combined data. ‘

As for as the relative water content was concerned , Table (1)
indicates that the highest mean values were detected in the parents,
IET 1444 and Moroberckan, beside IET1444 x Moroberekan,
Moroberekan x Sakhal01 and BG35-1 x SakhalOQl crosses under both
environments and their combined data. On the other hand, the lowest
values of relative water content were obtained from Sakha 101 and
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Moroberekan x Sakha 104 ggnotypes in both environments and their
combined data. ’

The data presented in Table (1) showed that the highest mean
values for water use efficiency were produced from genotypes
IET1444, Giza 178, Moroberekan x Giza 178 and Hexi 30 x Sakha
101" under their combined data. On the other hand, the lowest values

“were obtained from the parent, Hexi 30, and Moroberekan x BG35-1
Cross.

Variations and interactions:

The ordinary analyses of variance and combining ability analysis
for physiological traits of the combined data are presented in Table (
2).

Environments mean squares were detected to be highly
significant for number of days to heading, number of tillers, plant
height, panicle length, flag leaf area, flag leaf angle, flag leaf area,
chlorophyll content and relative water content. While, flag leaf
thickness, potassium content, nitrogen content and water use
efficiency showed insignificant mean squares under their combined
data. Parents vs. crosses mean squares, as an indication to average
heterosis overall crosses were found to be highly significant for all
characters studied except for flag leaf thickness, potassium content,
nitrogen content and water use efficiency under both environments
and their combined data. ' _

The interactions of genotypes, parents and crosses with
environments were detected to be highly significant for the studied
characters, except, for flag leaf thickness, potassium content, nitrogen
content and water use efficiency revealing that these genotypes
differently behaved from one environment to another (Table 2).

The interactions of parents vs. crosses with environments (Table
2) were highly significant for the studied traits except for flag leaf
area, flag leaf thickness, potassium content, nitrogen content and
water use efficiency, indicating that the average hetrosis in all crosses
was inconsistent under one two to conditions. These results are in
agreenent with those of Dingkuhna ef al.(1999), Mohan et al. (2001),
‘Cabuslary et al. (2002), El-Rafaee (2002), Yogameenakashi et al.
(2003), Sheng et al. (2005), and Sibounheuanga et al. (2006).
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Table 2: Mean square estimates of ordinary analysis and
combining ability analysis for the studied characters of
the combined data (normal and drought conditions).

974

SOV o le););lsm to No.of Plant Panicle | Flag leaf Flag leaf
0. 3 tillers/ height length area
@) | pamt | (om) | (om | (emd) |
Environments 1| 143.00v | 867.70 | 198.00* | 296.97%+ | 647.90%+ | 196200°
Reps. within environments 4 | 52.04v | 26364%* | 454.00% | 6627** | 186.13%% | 360.58%*
Genotypes 35 | 11326% | 96.54%% | 98824%+ | 4470% | 154.79%% | 735.09%*
Parents 7| 2261600 | ss0avx | 477.50%% | 4lagve | 187.15%% | 701.94%%
Crosses 27 | ssoave | 102270 | 921320% | 4613 | 147.66%% | 637530
Parents vs. crosses 1| 3s0% | 232700 | 637.01% | 2886%+ | 12066+ | 360120°
Genotypes X environments | 35 | 609% | 2247** | 26352¢% | 623*¢ | 669** | 35560*
Parents X environments 7 | 701w | 17see | 7168 | 264v | 245% | 2161000
Crosses X environments | 27 | 537% | 2411% | 28066%* | 676** | 798%¢ | 39155+
Parents vs. crosses Xenvir. | 1 | 1837+ | 12.61%* | 90052¢* | 17.18** | 1674 | 364.58%*
GCA. 7 | 57610 | 27.56v | 23528+ | 753+ | 30920+ | 11250
SCA, 28 | 9a9vr | 132200 | 147.06% | 74200 | 22260 | 12422
G.C.A x environments 7 | 5926** | 37.84% | 37043%* | 966*r | a220%% | 228510
$.C.A x environments 28 | 1132%% | 2001% | 222830 | 949t+ | 24.48%+ | 242750
Error ( Me) 40 | 095 314 | 8% 1.03 L16 | 5901
GCA/SCA - 126 208 1.59 1.01 1793 | 0906

** Significant at 0.01 levels of probability.
Pot. content= Potassium content,

Chl. content= Chiorophyll content,

W.U.E=Water use efficiency .
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Table 2: continued

»

Flag

] . Nitroge | Relative
SOV I o Il I water | W.UE
conte content | content
_S (mm)
Environments 1 0045 | L8 | 2300 | 0200 | 222130 oup2
- * *
Reps. within environments 4 | oors | 18587 426.00% | gy | MSTZN ) 0009
Genotypes 35 | 0006 | 4536* | 0320 | oo4 | 16| o16
Parents 7 0005 | s6.14** | 0280 | o004 | B | a0
Crosses 21 | o007 | 021 4150 f o003 | T oum
Parents vs. crosses 1 0002 | 523+ | si40 | o026 | '8L001 oy
: _ 259.56*
Genotypes X environments 35 0.008 | 21.03** | 0.060 0.01 . 0.120
* *
Parents X environments 7 | oot | V78| 0020 | oo0or | 1220 | 0099
*
Crosses X environments 27 | 0007 | 2236+ | 0070 | oo1 |3V ouzs
*

Parents vs, crosses X.envir. 1 0003 | 7.84% | 0100 | 0001 | 7T 0143
G.CA. 7 0001 | 8s2+s | 0020 | o001 | 2291 o015
SCA. 28 | 0004 | 7204 | 0060 | 001 | 87.64% | 0.030
G.C.A x environments 7 0006 | 1107+ | 0030 | oor | 2YP% | jam

) 269.14°
5.C.A x environments 28. | 0003 | 1535** | 0080 | 001 ] 0.070
Ervor ( Me) 140 | 0001 | 351 | 13% | 139 | 7659 | 0201
GCA/SCA ; 1492 | 11828 | 030 09 | 05942 | 050

** Significant at 0.01 levels of probability.

Chl content= Chlorophyll content, Pot. content= Potassium content, W.U.E=Water

use efficiency

_Hetrosis

Data in Table (3) revealed that highly significant and positive hetrosis
was found in the crosses, Hexi 30 x Sakha 104, BG 35-1 x Giza 178, BG 35-
1 x Sakha 101, BG 35-1 x Sakha 104, Giza 178 x Sakha 101, Giza 178 x
Sakha 104, Giza 178 x Sakha 101 and Sakba 101 x Sakha 104 for flag leaf
area at both environments and their combined. However, highly significant
negative values were detected in the seventeen crosses. Similar results were
found by El-Abd (1995), Panwar et al. (1997), Hammoud (1996), Abd-Allah
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(2000), Cabuslary et al. (2002), El-Rafaee (2002), Yogameenakashi et al.
(2003), Sheng et al. (2005), Zheng et al. (2005) and Sibounheuanga et al.
(2006).

Four hybrid combinations exhibited highly significant positive heterotic
effect for flag leaf thickness in the combined data. The most pronounced
heterotic effects wer- detected in the crosses IET 1444 x Moroberekan, IET
1444 x Hexi 30, Hexi 30 x Sakha 101 and Moroberekan x Giza 178, and the
values varied from 8.33 to 18.06% (Table 3).

The crosses, [ET1444 x Sakhal04, Moroberekan x Giza 178 and Giza
178 x Sakhal04, exhibited highly significant positive heterotic effects for
chlorophyll content. The values varied from 7.27 to 24.57% at both
_ environments and their combined data. Similar results were reported by EL-

Abd (1995) Dwivedi et al. (1998) and Abd-Allah (2000).

Concerning potassium content, nineteen out of the twenty-eight
hybrid combinations exhibited highly significant positive heterotic effects
which were found to vary from 9.54 to 102.00% over their respective better-
parents. The most pronounced heterotic effects were detected in the crosses,
Moroberekan x Hexi 30, IET 1444 x Moroberekan, IET 1444 x Hexi 30, IET
1444 x Giza 182 and Hexi 30 x Giza 182 which varied from 40.9 % to
102.00% (Table 3).

With regard to nitrogen content, twelve hybrid combinations showed
highly significant positive heterotic effects, which varied from 16.30 to
64.60% over their respective better-parents at the combined data. The best
desirable crosses were IET 1444 x Hexi 30, IET 1444 x BG 35-1, IET 1444
x Sakha 104, Hexi 30 x BG 35-1, Hexi 30 x Sakha 104 and BG 35-1 x
Sakha 104(Table 3). .

Highly significant and positive heterotic effect was detected for
relative water content was observed only in BG 35-1 x Sakha 101 for this
trait in the combined data. It valve giving 15.78 % (Table 3).

Concerning water use efficiency, highly significant and positive
heterosis was found for several crosses, such as Morobereckan x Hexi 30
(121.00%), Moroberekan x Giza 178 (49.50%), Hexi 30 x Sakha 101
(77.00%), Giza 178 x Giza 182 (167.00%) and Giza 178 x Sakha 101
(216.00%) under both environments and their combined data(Table 3).

It could be concluded that the most desirable crosses, over the two
environments, as well as their combined data for flag leaf area, were BG
35-1 x Sakha 104, Giza 178 x Sakha 101 and Hexi 30 x Sakha 104; for flag
leaf thickness were IET 1444 x Moroberekan, IET 1444 x Hexi 30 and
Moroberekan x Giza 178; for chlorophyll content were Moroberekan x Giza
178, Giza 178 x Giza 182 and Giza 178 x Sakha 104; for potassium content
were IET 1444 x Moroberekan, IET 1444 x Hexi 30, IET 1444 x Giza 182
and Hexi 30 x Giza 182 ; for nitrogen content were IET 1444 x Hexi 30, IET
1444 x BG 35-1 and BG 35-1 x Sakha 104; for relative water content was
BG35-1 x Sakha 101 and for water use efficiency were Moroberekan x Hexi
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30, Giza 178 30 x Giza 182, Giza 178 x Sakha 101 and Giza 178 x Sakha

104.

Table 3: Percentages of heterosis over better-parents for the characters
studied in the combined data (normal and drought conditions).

Ng':yb::o“ No. of plant | Panicle F'afm L:af Flag Leaf

Genotypes heading tillers/ height length (cm2) thickness
(day) plant (cm) (cra) (mm)

Moroberekan 3.13% 1.94 697 | -332es | 18877 16.03%
IET 1444 X Hexi 30 11.88** 231 -5.95 044 | -58.34**  8.33*
IET 1444 x BG 35-1 3.49%* 6.32** 047 | -12.10% | -13.01%F  4.49%
IET 1444 x Giza 178 -3.62%* 9.90** 12.00* -0.12 224 645"
IET 1444 x Giza 182 7.82%* 20.04** 229 | -1040% | -3945**  256**
IET 1444 x Sakha 101 4.92%+ -8.39** 15.32%% | Gg2es | -25.19°* 833
IET 1444 x Sakha 104 2.63** 3.86** 18.57** | -.52%+ | -33.04%*  0.69%**
Moroberekan X Hexi 30 11.08** 43.01** -8.60 | -2030%* | -53.35**  -7.69%*
Moroberekan x BG 35-1 -1.53 -3.31* -8.74 | -1620%+ | 87.79**  1.92**
Moroberekan x Giza 178 2.84%* 28.70** 10.84 28670+ | 5628 1290+
Moroberekan x Giza 182 4.10** 45.16** 5459 | 2593+ | -2687**  16.03**
Moroberekan x Sakha 101 3.97*+ -32.90** 5.183 8.47*+ | 7.96**  12.82** W
Moroberekan x Sakha 104 6.66** -33.10%* | -19.40%% | -13.70%% | -5.43**  -16.03**
Hexi 30 x BG 35-1 7.85%% 20.50** 346 | -1190% | 405**  -12.82%*
Hexi 30 x Giza 178 4.007** -7.58%* 27.01%* | 596+ | -2037**  -27.96**
Hexi 30 x Giza 182 491+ 1705% | 2114w | agors | 4045**  s13e |
Hexi 30 x Sakha 101 13.61%* -3.84 11.87** | 25.60%+ | 9.63**  18.06**
Hexi 30 x Sakha 104 11.95** 2.30 2500 | -1580% | 1601**  5.07**
BG 35-1 x Giza 178 3.58%+ 28.94%* 0.114 935%s | 1439**  -1183%*
BG 35-1 x Giza 182 6.14++ 53.49%+ 279 | 4874%s | -2479%%  -10.26**
BG 35-1 x Sakha 101 -1.10 221.30** 5.60 197 1.12 -3.85%*
BG 35-1 x Sakha 104 -5.25%* -19.80%* 16.01 -11.7++ | 2583**  -1026**
Giza 178 x Giza 182 9.36** 11.16** -6.87 11.19%% | -5146**  -6.45%*
Giza 178 x Sakha 101 -1.77 15.06** 0.09 7.12%s | 1636**  -34.95**
Giza 178 x Sakha 104 -3.35%* 25.29%* -8.71 goles | S534** 3118
Giza 182 x Sakha 101 9.47** 25.00** 16.49+* | .g.42%+ | -2846** . -14.1™*
Giza 182 x Sakha 104 7.94%% -7.99%* 8967 | 21970 | -1193**  0.64*
Sakha 101 x Sakha 104 -0.07 13.49** -1.59 9.69%+ | 533** 0.001
LSD (a1 0.85 ) 18 3.07 11.00 1.631 1.69 0.058
LSD (at 0.01) 24 4.045 14.00 2.144 222 0.076
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Table 3: Continued

978

cavas T | e | | v s
PR , content
IET 1444 X Moroberekan -0.92 54 50" |- -17.50* 0.34 3.86™
IET 1444 X Hexi 30 -16.30** 40.90** 61.30" -21.20* -4.84*
IET 1444 x BG 35-1 -14.70** -15.00™ 64.60™ -16.70* 0.06
IET 1444 x Giza 178 4.22%+ -35.00" | -17.70* -15.80" 113
IET 1444 x Giza 182 4.86%* 44.80™ 26.80" -12.70 -12.40
IET 1444 x Sakha 101 -7.90%* 27.40™ -15.60* -8.65 -18.10*
IET 1444 x Sakha 104 8.17%* 11.50* 44.10™ -20.30* 5.46*

| Moroberekan X Hexi 30 0.09 102.00* | -12.00~ | -19.80~ | 121.00~
Moroberekan x BG 35-1 -13.60%* 9.92* 21.80** -6.91 -6.75"
Moroberckan x Giza 178 24.57%+ 11.70* 0.35 13.30 49.50™
Moroberekan x Giza 182 3.16%* -23.00 | -31.20+ -9.64 £.31"
Moroberekan x Sakha 101 -4.00%* 35.30™ 16.30™ -6.65 19.10"
Moroberekan x Sakha 104 3.75%+ 35.90* 427" -40.90 1.57+ T
Hexi 30 x BG 35-1 -12.20%* 4.50 4030~ | -2020" | 3230~ |
Hexi 30 x Giza 178 £.24%% 3020~ | 426" | -21.60" 250 |
Hexi 30 x Giza 182 6.41%* 65.20" -14,00" -10.80 73.00*
Hexi 30 x Sakha 101 -6.39%* 15.70* -33.70" | -14.40" 77.00™
Hexi 30 x Sakha 104 -7.52%+ 11.20™ 41.70™ -10.20 7.67
G 35-1 x Giza 178 1530%% | -1.10™ | 1130 | -1810% | -12.10%
BG 35-1 x Giza 182 9.57%* -12.00™ 34.60™ -1.08 36.10™
BG 35-1 x Sakha 101 -10.00** | -11.00~ | -16.70™ 15.78" 34.80"
BG 35-1 x Sakha 104 -1.56%* -7.00* 52.2+ -3.83 22.30*
Giza 178 x Giza 182 9.03%* -3.70* -1.77* -9.40 167.00™
Giza 178 x Sakha 101 6.95%* 9.54" -11.8" -16.80* | 216.00*
Giza 178 x Sakha 104 727+ 28.30"* 22.70* -16.10* 118.00"
Giza 182 x Sakha 101 6.22%* 41.40" 31.20 -21.30™ -5.89*
Giza 182 x Sakha 104 -1.56%* 31.50" 5.70" -33.40* 38.90"
Sakha 101 x Sakha 104 6.28%* 28.90" -31.9" -12.90 19.70**
LSD (at 0.05 ) 1.186 0.16 0.05 14.04 0.23
LSD (at 0.01) 1.559 621 0.06 18.46 030 j

General combining ability effects:
Estimates of general combining ability effects of individual
parents for physiological traits in the combined data are given in Table

4.
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With respect to numper of days to heading, the parental
cultivars Hexi 30, Giza 178 and Giza 182 showed highly significant
negative general combing ability effects, indicating that such cultivars
could be considered as good combiners for the improvement of this

“trait. Regarding number of tillers / plant, the parents, IET1444 and
Giza 178, were found to be good combiners under drought condition.

For plant height, Hexi30, BG35-1, Sakha 101 and Gizal82
cultivars showed highly significant and negative general combing
ability effects for both environments and their combined data, proving
to be good combiners and ascertained their ability of developing short
plants. For panicle length, positive general combining ability effects
were found in the genotypes IET1444, Moroberekan and SakhalO1 in
the combined data, indicating that such rice cultivars could be used as
good combiners for this trait. _

The five rice cultivars, IET 1444, Moroberekan, BG35-1, Gizal78
and Sakha 104, showed highly significant positive general combining
ability effects for flag leaf area. This result indicates that these parents
could be considered excellent combiners for this trait. IET1444 and
SakhalO1 cultivars had highly significant positive general combing
ability effects for flag leaf thickness for this trait, proving to be good
combiners for flag this trait.

Moroberekan, Hexi 30, Gizal82 and SakhalOl showed highly
significant positive general combining ability effects for chlorophyll
content under both environments and their combined data, proving to
be good combiners for this character. For potassium content, BG 35-
1, Giza 178, Sakha 101 and Sakha 104 exhibited desirable general
combing ability effects, proving to be good combiners for this trait.
Giza 178 and Sakha 101 showed desirable general combining ability -
effects for nitrogen content at the combined data, proving to be good
combiners for this character. Concerning relative water content,
IET1444 and Moroberekan showed highly significant positive values
of general combining ability effects at the two environments and their
combined data, indicating that these cultivars could be used as good
combiners for this trait.

It is of interest to note, here, that the means of some parental
cultivars agreed with their corresponding general combining ability
effects for certain physiological traits. It could be concluded that
IET1444, Moroberekan, BG35-1, Gizal78 and Sakha 104 for flag
leaf area, Moroberekan, Gizal78 and Giza 182 for flag leaf thickness,
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Moroberekan, Hexi 30, Gizal82 and SakhalGl for chlorophyil
content, BG 35-1, Giza 178, Sakha 101 and Sakha 104 for potassium
content, Giza 178 and Sakha 101 for nitrogen content, IET1444 and
Moroberekan for relative water content and Giza 178 for water use
efficiency might be considered as good combiner for physiological
traits under two environments and their combined data. Hence,
selection for improving such traits could be practiced either on mean
performance or GCA effect basis with similar efficiency. Also, this
agreement coincided the preponderance of additive genetic variance in
this case.

Table 4: Estimates of general combining ability effects for the
‘ parental cultivars in the combined data (normal and
drought conditions) for the studiedcharacters.

Days to No. of plant Panicle | FlagLeaf Flag Leaf |

Genotypes hcading( | tillers’ | height | length area thickness |
day) plant (cm) {em) (cm®  (mm) |

(ET 1444 101 0.54 0.83 0.82 1.40% 001
Moroberckan 189%¢ | 035 | 1126+ | 090 1.72%¢ 002 |
Hexi 30 440 | -192¢ | 3640 | 08 | 422%¢ | 001
BG 35-1 1204 | -143¢ | 319t | 062 123+ 001 |
Giza 178 050 | 3100 | 186 025 143¢ 002
Giza 182 260% | 077 268 | 052 | -Loss 001
—

Sakha 101 2420 | 002 157 1.09% 0.67 001 |
Sakha 104 0.88 -0.74 086 | -1.07 020 002 |
LSD at 0.05 (gi) 1.04 1.36 252 0.99 1.00 019 |
!

LSD at 0.01 (gi) 1.54 201 3712 | 146 1.49 027 |
}

LSD at 0.05 (gi-gj) 128 167 3.09 1.21 1.24 023 !
LSD at 0.01 (gi-g)) 1.90 247 458 1.80 1.83 034 |

* **= Sjonificant at 0.05 and 0.01 levels, respectively.Chlo. = Chlorophyll, Potass.
= Potassium, effici.=efficiency ‘
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Table 4: Continued -
Genotypes Chlo. Potass. Nitrogen R:,Lattg;e Water use
content confent content content effici.
(ET 1444 -2.10%* -0.10 -0.01 462+ 0.07
Moroberekan 038 001 | 001 | 252 001
Hexi 30 030 0.01 -0.02 0.61 0.01
BG 35-1 031 0.02 -0.01 072 -0.04
| Giza178 0.1t 0.05 0.04 153 0.04
Giza 182 0.65 0.01 0.01 -1.59 -0.03
Sakha 101 0.88 0.03 0.04 -2.76 -0.001
Sakha 104 0.09 0.05 0.02 -3.01 -0.03
LSD at 0.05 (gi) 134 0.31 047 2.89 0.37
LSD at 0.01 (gi) 198 0.45 0.25 428 0.54
LSD at 0.05 (gi-gj) 1.65 0.38 0.21 3.56 0.45
LSD at 0.01 (gi-gj) 2.43 0.56 0.30 5.267 0.67

* **= Significant at 0.05 and 0.01 levels, respectively.Chlo. = Chlorophyll,  Potass. =
Potassium, effici.=efficiency

Specific combining ability effects:

Estimates of specific combining ability (SCA) effects for the
hybrid combinations in the combined data for the studied traits are
given in Table (5).

Twelve, out of the twenty-eight hybrid combinations showed
highly significant negative specific combining ability effects for
number of days to heading at the combined data. The crosses, IET
1444 x Moroberekan, IET 1444 x Giza 178, Moroberekan x Hexi 30,
Moroberekan x Giza 182 and BG 35-1 x Sakha 104, were found to
show useful heterosis at the combined data (Table 5). It is of interest
to note that some of the rice cultivars which were involved in these
superior five crosses, were found to be among the best combiners,
while, others were among the poorest combiners for this trait.

For number of tillers/plant, ten hybrid combinations exhibited
highly significant and positive specific combining ability effects at the
combined data. Five of these crosses were found to show useful
heterosis for this trait. For plant height, six- hybrid combinations were
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-detected to exhibit highly significant desirable specific combining
ability effects at the combined data. Concerning panicle length, eight
hybrid combinations exhibited significant positive specific combining
ability effects at the combined data. Four crosses, namely IET 1444 x
Sakha 101, Moroberekan x Giza 178, Moroberekan x Giza 182 and
Moroberekan x Sakha 101 were found to show useful heterosis for
this trait.

For flag leaf area, seven out of the twenty eight hybrid
combinations showed highly significant and positive specific
combining ability effects at the combined data. The highest SCA
ability effects were detected from the crosses, IET 1444 x BG 35-1,
" Moroberekan x BG 35-1, Hexi 30 x Sakha 104, BG 35-1 x Giza 178,
Giza 178 x Sakha 101 and Giza 182 x Sakha 104. Four out of these
crosses showed highly significant heterosis, also, some of the parental
cultivars which involved in these crosses, were found to be among the
best general combiners for flag leaf area; i.e., IET1444, Moroberekan,
BG35-1 and Giza 178, while, the others were among the poorest
combiners for this trait.

With respect to flag leaf thickness, seven hybrid combinations
showed not significant and positive specific combining ability effects
in the combined data. -

For chlorophyll content, four hybrid combinations showed
highly significant positive specific combining ability effects for this
trait in the combined data. The highest SCA effects were detected
from the crosses, Moroberekan x Giza 178, Giza 178 x Giza 182 and
Sakha 101 x Sakha 104. Some of these seven crosses showed useful
heterotic effects (Table 5).

- Concerning potassium content, three hybrid combinations
showed significant and positive specific combining ability effects in
the combined data. The best desirable cross was Moroberekan x Giza
182. Regarding the nitrogen content, two hybrid combinations; i.e..
Hexi 30 x BG 35-1 and Giza 178 x Sakha 104, showed highly
significant and positive specific combining ability effects for this trait
in the combined data.

For relative water content, five hybrid combinations showed
highly significant and positive specific combining ability effects for
this trait in the combined data. The highest SCA effects were detected
from the crosses, IET 1444x Moroberekan, IET 1444 x Sakha 101,
Moroberekan x Sakha 101, BG 35-1 x Sakha 104, Giza 178 x Giza
182, Hexi 30 x Sakha 104 and Sakha 101 x Sakha 104. Some of these
crosses showed useful heterotic effects. Concerning water use
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efficiency, four crosses gqut of twenty-eight exhibited highly
significant and positive specific combining ability effects at the
combined data. General and specific combining ability effects could
indicate the excellent hybrid combinations obtained from crossing
good by good, good by low and low by low general combiners.
Consequently, it could be concluded that general combining ability
effects of the parental lines were, generally, unrelated to the specific
combining ability effects of their crosses.

It could be concluded that the most pronounced crosses, over
the two environments and their combined data for flag leaf area, were
IET 1444 x BG 35-1, Moroberekan x BG 35-1, Hexi 30 x Sakha 104,
BG 35-1 x Giza 178, Giza 178 x Sakha 101 and Giza 182 x Sakha
104; for flag leaf thickness were seven hybrid combinations ; for
chlorophyll content were Moroberekan x Giza 178, Giza 178 x Giza
182 and Sakha 101 x Sakha 104; for potassium content was
Moroberekan x Giza 182; for nitrogen content were Hexi 30 x BG 35-
1 and Giza 178 x Sakha 104; for relative water content were IET 1444
X Moroberekan, IET 1444 x Sakha 101, Moroberekan x Sakha 101,
BG 35-1 x Sakha 104, Giza 178 x Giza 182, Hexi 30 x Sakha 104 and
Sakha 101 x Sakha 104; for water use efficiency were Moroberekan x
Giza 178, BG 35-1 x Sakha 104, Giza 178 x Giza 182 and Sakha 101
x Sakha 104. The obtained results are in harmony with those
previously reported by El-Rafaee (2002), Yogameenakashi et al.
(2003), Shehata (2004), Sheng et al. (2005).
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Table 5: Estimates of specific combining ability effects for the
crosses at the combined data (normal and drought
conditions) for the studied characters studied.

. Fl 1
@) | plant | (em) | @m) | A |
(em’) | s (mm)
IET 1444 X Moroberckan -5.13*+ -0.39 | 11.30%* -0.14 1.20 0.03
| IET 1444 X Hexi 30 2.73%* 0.35 -8.78** | 236** -6.45%* 0.01
IET 1444 x BG 35-1 2.45%* -0.90 -3.72 -0.89 3.68** -0.01
IET 1444 x Giza 178 -3.29*+ -0.50 7.45%* 1.34 028 0.01
IET 1444 x Giza 182 1.21 1.94 -6.06** -0.55 -3.00** 0.01
IET 1444 x Sakha 101 2.44%* -0.80 10.50%* | 2.37%+ 1.44 0.01
IET 1444 x Sakha 104 1.23 0.36 15.90*+ 0.99 -2.10%* 0.01
Moroberekan X Hexi 30 6445 | s | 304 | 43850 | 490% | 002
Moroberekan x BG 35-1 -1.69* -2.46 ~3.65 -3.61** | 6.08** 0.01
Moroberekan x Giza 178 -2.88** 4.29%* 18.70%* | 4.21** 046 0.07
Moroberekan x Giza 182 S3.21%* | 4979** | 13.00** | 436%* | -2.77** 0.03
Moroberekan x Sakha 101 3.68%* 5.16-3“ 11.60%% | 225%* -5.75%+ 0.03
Moroberekan x Sakha 104 449** | -590** 20.5'0“ -4.00%* | -892%+ -0.03
Hexi 30 x BG 35-1 -1.14 -3.65** -3.25 0.06 0.04 -0.01
Hexi 30 x Giza 178 -3.00** -1.69 21.80%* | 2.62** -0.25 -0.04
Hexi 30 x Giza 182 0.14 1.50 13.20** 0.79 -0.76 0.02
Hexi 30 x Sakha 101 2.63** 2.58* 1.46 -4.73%* 1.32%* 0.05
Hexi 30 x Sakha 104 3.3%+ 228 3.73 -1.33 6.23** 0.01
BG 35-1 x Giza 178 4.53%+ 541** -148 | -131 3.14** 0.01
BG 35-1 x Giza 182 -0.58 7.30%* -3.54 0.54 -1.68* -0.03
BG 35-1 x Sakha 101 -2.04* -1.60 3.68 2,11 -1.79* 0.01
BG 35-1 x Sakha 104 -4.25%* -2.38 17.30** -0.56 294*+ | 001
Giza 178 x Giza 182 a15% | 048 | oo, | 007 | 9600 | 001
Giza 178 x Sakha 101 -2.56** 1.58 -6.20%* -1.09 5.54%¢ -0.06
Giza 178 x Sakha 104 -2.02* 1.62 -0.82%* 0.64 1.86* -0.04
Giza 182 x Sakha 101 1.09 -4.60** 6.84%* -0.66 -0.84 -0.03
Giza 182 x Sakha 104 1.83* -2.35 941 4.16** 3.07** 0.02
Sakha 101 x Sakha 104 -3.24%+ 5.00%* -2.70 -0.02 033 0.01
LSD at 0.05 1.49 2.05 3.81 1.49 1.52 028
LSD at 0.01 2.01 277 5.15 201 2.05 0.38

* ** = Significant at 0.05 and 0.01 levels, respectively.
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TubL G Conenutd

.

Relative

Genotypes Chlo. Potass. Nitrogen water Water _
content content content content use effici.
IET 1444 X Moroberckan -0.70 0.16 -0.03 9.80** 0.08
IET 1444 X Hexi 30 -2.98** 0.01 0.02 -7.28%* -0.02
1ET 1444 x BG 35-1 -0.53 0.3 0.02 -2.96 0.07
1ET 1444 x Giza 178 0.51 0.16 0.08 435 0.02
IET 1444 x Giza 182 03 0.13 0.09 1.70 0.04
IET 1444 x Sakha 101 0.23 -0.01 0.05 6.66%* -0.12
IET 1444 x Sakha 104 2.89** -0.20 0.14 4.02 0.11
Moroberekan X Hexi 30 1.98 _8.5%* 2.7 -7.80%* 0.32
Moroberekan x BG 35-1 2.47* 0.13 -0.01 4.00 0.2
Moroberekan x Giza 178 7.56** 0.05 -0.01 4.07 0.33
Moroberekan x Giza 182 0.70 0.31 -0.07 2.38 0.01
Moroberekan x Sakha 101 -0.47 0.12 0.01 6.28** -0.01
Moroberekan x Sakha 104 -0.98 0.02 0.08 -24.70%* -0.07
Hexi 30 x BG 35-1 -1.75 02 0.16 -6.50%* -0.03
Hexi 30 x Giza 178 -0.56 032 -0.03 9.41** -0.03
Hexi 30 x Giza 182 1.63 0.07 0.04 2.78 0.10
Hexi 30 x Sakha 101 -1.41 0.24 0.01 0.69 0.30
Hexi 30 x Sakha 104 -1.13 0.17 -0.05 4.72* -0.06
BG 35-1 x Giza 178 -3.02** 0.003 -0.05 -6.24+* -0.09
BG 35-1 x Giza 182 -0.85 0.001 0.01 3.05 0.33
BG 35-1 x Sakha 101 -1.30 -0.20 "0.06 8.85** 0.11
BG 35-1 x Sakha 104 0.66 20.20 0.001 9.17%* 0.08
Giza 178 x Giza 182 3.52%* -0.20 0.01 248 -0.01
Giza 178 x Sakha 101 -1.55 -0.10 -0.08 -2.96 0.10
Giza 178 x Sakha 104 0.32 0.16 0.14 213 -0.14
Giza 182 x Sakha 101 -1.76 0.24 0.16 -11.20** .14
Giza 182 x Sakha 104 -1.06 025 0.01 -15.90** 0.16
Sakha 101 x Sakha 104 4,52%+ 0.18 .12 325 0.02
LSD at 0.05 2.03 047 0.25 438 0.56
LSD at 0.01 2.74 0.63 0.34 5.91 0.75

* #+ = Significant at 0.05 and 0.01 levels, respectively.
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Nature and degree of dominance (potence ratio):

The potence ratio values for number of days to heading (Table
6) were more than unity in the crosses, IET 1444 x BG 35-1, IET
1444 x Giza 178, IET 1444 x Sakha 101, IET 1444 x Sakha 104,
Moroberekan x BG 35-1, Moroberekan x Giza 178, Moroberekan x
Sakha 101, Moroberekan x Sakha 104, BG 35-1 x Giza 178, Giza 178
x Sakha 104, Giza 178 x Sakha 101, BG 35-1 x Sakha 104, Sakha 101
x Sakha 104, indicating the presence of over-dominance for these
crosses at the combined data . Potence ratio values were less than
_ unity. in twelve crosses indicating the presence of partial dominance
for this trait. However, it was found to be inconsistent from
environment to environment and ranged from partial to over-
dominance for the crosses studied. ]

Potence ratio values exceeded unity in fifteen crosses for
plant height at the combined data, while, partial dominance was found
in Moroberekan x Hexi 30 cross, since the potence ratio value was
less than unity (-0.31), Table (6). The degree of dominance according
to potence ratio in Table 6 indicated that panicle length behaved as an
over- dominance trait, since its values were more than unity in
fourteen crosses. Partial dominance was found in the crosses, IET
1444 x Giza 182, IET 1444 x Sakha 104, BG 35-1 x Giza 182, Giza
178 x Sakha 101 and Giza 182 x Sakha 101 in the combined data,
since potence ratio values were less than unity.

The potence ratio values exceeded unity for panicle length in
fourteen crosses at the combined data where their values were more
than unity. While, five crosses; viz., IET 1444 x Giza 182,
Moroberekan x Giza 182, BG 35-1 x Sakha 104, Giza 178 x Giza 182
and Sakha 101 x Sakha 104 showed partial- dominance and the other
crosses showed inconsistent values. Five out of 28 crosses showed
over-dominance in the combined data for flag leaf area since the
potence ratio values were more than unity. While, two crosses; viz.,
BG 35-1 x Sakha 101 and BG 35-1 x Sakha 104, had partial
dominance and the remaining crosses dlffered in potence ratio from
environment to environment.

Chlorophyll content behaved as an over- dominance trait in
eight crosses, since their values were more than unity. Three crosses;
namely, IET 1444 x Giza 182, IET 1444 x Sakha 101 and BG 35-1 x
Sakha 104, had partial dominance, where, the potence ratio was less
than unity. The other crosses differed in potence ratio from
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environment to environment, where the degree of dominance was
between over- to partial dominance. Eighteen out of 28 crosses
exhibited over-dominance in the two -environments and their
combined data for chlorophyll content, since the potance ratios were
more than unity. While, partial dominance was observed in IET 1444
x BG 35-1 and BG 35-1 x Giza 182 crosses and the others differed in
potence ratio from environment to environment. Nitrogen content
behaved as over- dominance, since its values were more than unity in
thirteen crosses. The potence ratio was less than unity in six crosses at
the two environments and their combined data, indicating partial
dominance in these crosses. -

Potence ratio estimates were more than unity in eleven
crosses in both environments and their combined data for relative
water content. The three crosses, i.e., IET 1444 x Sakha 101, Hexi 30
x Sakha 101 and Sakha 101 x Sakha 104, showed partial dominance at
the combined data. While, the potence ratio differed from
environment to environment for this trait in the other crosses. Potance
ratio was more than unity in eleven out of twenty-eight crosses at the
two environments and their combined data for water use efficiency,
indicating the presence of over —dominance. While, the other crosses
differed in potence ratio from one environment to another.
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Table 6: Estimates of potence ratio for the crosses in fhe
combined data (normal and drought conditions) for the

studied character.

Genopes Doe | woor | Tl | Pmidk | [ Hagl
(day) | Uersipant (cm) | (cm) (a’c;?) (mm)
TET 1444 X Moroberekan 263 1.12 182 | os1 | -135 5.17
IET 1444 X Hexi 30 0.74 0.83 0.20 088 | -1.38 3.00
IET 1444 x BG 35-1 263 0.23 009 | -236 | 039 0.17
| IET 1444 x Giza 178 -16.07 3.50 68 | 099 |-077 043
TET 1444 x Giza 182 0.65 492 036 | 031 | 427 167
IET 1444 x Sakha 101 241 0.71 443 | 1075 | -040 3.00
IET 1444 x Sakha 104 443 7.43 1102 | 025 | 087 133
Moroberekan X Hexi 30 0.23 14.79 -0.32 492 -1.16 0.01
Moroberekan x BG 35-1 -2.62 0.64 -0.02 37 | 2?02 0.01
| Moroberckan x Giza 178 2.70 2.55 206 | 911 | -136 2.60
Moroberekan x Giza 182 -0.40 477 -1.48 3.75 20?58 -82.3
Moroberekan x Sakha 101 7.50 -0.71 142 | 238 | 040 433
Moroberekan x Sakha 104 1.75 -1.14 180 | 517 | 139  -1.78
Hexi 30 x BG 35-1 -0.01 212 023 | 49 | 168 -0.67
Hexi 30 x Giza 178 -0.44 0.54 -9.93 189 | 026  -093
Hexi 30 x Giza 182 -0.33 2.81 4522 | 061 | -1.00 1.67
Hexi 30 x Sakha 101 0.61 0.78 2358 | 177 | 009 5.33
Hexi 30 x Sakha 104 0.90 117 139 | -188 | 248 3.33
BG 35-1 x Giza 178 4.00 3.52 .07 | 039 | 206 -0.47
BG 35-1 x Giza 182 0.06 16.73 010 | 060 | -0.53 -6.33
BG 35-1 x Sakha [01 3.33 0.73 -2.40 168 | 121 0.33
BG 35-1 x Sakha 104 2.71 -1.58 782 | 113 | 565 -0.78
Giza 178 x Giza 182 0.87 229 333 276 | -150 020
Giza 178 x Sakha 101 -2.48 15.55 204 | 023 | 330 210
Giza 178 x Sakha 104 3.67 4.09 1.28 750 | 1.79 -1.42
Giza 182 x Sakha 101 0.50 -1.63 1797 | o042 | -131 2.67
Giza 182 x Sakha 104 0.89 0.75 -2.70 124 | 00l L1
Sakha 101 x Sakha 104 -1.03 347 074 | 228 | 1476 1.00

»
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Table : Lontlned

»

Genotypes Chiorophyil Potassium . Nitrogen R:;at;i\;e Watgr use
content content content content efficiency
1ET 1444 X Moroberekan 0.56 10.40 -0.71 1.24 1.18
IET 1444 X Hexi 30 -1.32 491 10.50 -1.5 0.80
1ET 1444 x BG 35-1 -0.79 0.08 423 -0.5 1.00
IET 1444 x Giza 178 6.82 -1.60 0.04 645 1.19
IET 1444 x Giza 182 -0.03 27.60 3.90 -0.8 0.44
[ET 1444 x Sakha 101 0.13 3.59 0.08 0.38 0.24
IET 1444 x Sakha 104 6.07 1.830 10.10 -5.3 1.39
Moroberekan X Hexi 30 0.98 20.40 0.22 -17.6 29.4
Moroberekan x BG 35-1 -1.11 1.50 3.13 0.31 0.04
Moroberekan x Giza 178 18.86 1.67 1.04 -18.7 346
Moroberekan x Giza 182 2.14 220 233 067 0.65
Moroberekan x Sakha 101 0.22 3.33 2.92 0.48 2.84
Moroberekan x Sakha 104 8.70 2.98 1.30 216 1.14
Hexi 30 x BG 35-1 -7.86 1.20 7.25 -121 5.61
Hexi 30 x Giza 178 0.03 2.44 0.80 .54.3 1.13
Hexi 30 x Giza 182 -0.17 6.52 0.03 <124 23.4
Hexi 30 x Sakha 101 -7.21 1.84 -0.58 02 6.96
Hexi 30 x Sakha 104 -0.34 1.52 243 -12.3 157
BG 35-1 x Giza 178 -1.01 0.70 0.33 -0.92 0.21
BG 35-1 x Giza 182 -147 0.20 4.76 0.78 3.00
BG 35-1 x Sakha 101 -5.85 20.70 0.02 542 4.36
BG 35-1 x Sakha 104 ~0.10 -1.50 11.80 0.55 3.03
Giza 178 x Giza 182 3.22 0.69 0.81 -0.82 -3.76
Giza 178 x Sakha 101 -0.10 3.79 -10.30 0.36 2.76
Giza 178 x Sakha 104 9.10 347 2.12 -13 -1.00
Giza 182 x Sakha 101 -1.51 5.52 426 -1.65 0.43
Giza 182 x Sakha 104 0.52 3.50 1.43 -7.16 4.53
Sakha 101 x Sakha 104 2.13 7.87 -0.58 -0.13 242
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