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ABSTRACT

The present study was carried out at the Experimental Farm of Sakha Agricultural Research Station,Sakha,Kafr EL-
Sheikh Governorate and El-Sirw Agriculture Research Station, Dammietta Governorate, Egypt, during 2016 and 2017 growing
seasons to study the inheritance of some growth traits, yield and its components under normal and saline soil conditions and to
study the relationship between some growth characters and yield and its components by estimating correlation coefficient
between studied characters.Results showed that location mean squares were found to be highly significant for all growth
characters and yield and its attributes, indicating wide differences between the stress and non-stress conditions.Salinity condition
has a negative effect on all studied traits for all genotypes compared with that of normal conditions.The interactions of
genotypes,parents and crosses with locations (Sakha and El-Sirw) were detected to be highly significant for grain yield and its
component except for harvest index, indicating that the genotypes behaved differently from non-stress to stress conditions.The
parents Giza 178 and GZ9057 recorded the highest mean values of grain yield under normal and saline conditions as well as their
combined data,while the parent Sakhal06 gave the lowest mean value under the same conditions.Grain yield/plant was highly
significant positively correlated with each of plant height, number of tillers/ plant, 1000-grain weight, panicle length, number of
filled grains/panicle and harvest index.The results revealed that the studied genotypes were expected to similarly a broad
spectrum of variability and confirmed the detected significant among these parents. Euclidean distance was ranged from 17.59
between (GZ6296 and Sakha 106) to 71.23, between (Giza 178 and Sakha 105) under stress conditions.
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INTRODUCTION

Rice is the most important food crop in the world
since it is the staple food for more than 50% of the
world population. Rice is considered the most popular
and important field crop in Egypt for several reasons: as
a staple food after wheat for the Egyptian population,as
a second exporting crop after cotton,as a land
reclamation crop for improving the productivity of the
saline soils widely spread in North Delta and coastal
area, and finally it is a social crop in which all farmers
family member could gain money during its growing
season.Salinity is the most widespread and prevalent
problem in the irrigated  agriculture.Genetic
improvement for salt tolerance in major crops has
become an urgent task in dealing with salinity problems
in agricultural production.In traditional plant breeding
for salt tolerance,overall agronomic characters such as
seedling growth, survival and grain yield are usually the
main selection criteria.Unfortunately, very limited
success has been achieved from the previous efforts in
plant breeding selecting on these characters for salt
tolerance (Flowers and Yeo, 1997).The low success of
breeding rice (Oryza sativa L.) for salt tolerance is at
least partially,due to the low selection efficiency using
overall agronomic traits, lack of effective evaluation
methods for salt tolerance among genotypes, and the
complexity of salinity tolerance phenotypes among
genotypes. Differential salinity sensitivity at various
growth stages is one of the factors affecting salt
tolerance phenotypes. Generally, rice vegetative growth
is moderately sensitive to salinity at young seedling
stages and less sensitive at reproductive stages (Flowers
and Yeo, 1981and Lutts el al., 1995). Early reproductive
stage and panicle initiation are the most salinity
sensitive growth stages affecting the formation of yield

components and grain yield. On the other hand, rice
plant is more tolerant to salinity at germination stage as
compared with other rice stages (Heenan et al.,
1988).The objectives of the present investigation are to
study the inheritance of some growth characters,yield
and its components under normal and saline soil
conditions and to study the relationship between some
growth characters and yield and its components by
estimating  correlation  coefficient between the
mentioned characters.

MATERIALS AND METHODS

The present study was carried out at the
Experimental Farm of Sakha Agricultural Research
Station,Kafrelsheikh ~ and  EL-Sriw  Agricultural
Research Station,Damietta, during 2016 and 2017
seasons. In 2016 growing season, grains from each of
the parental genotypes (Table 1) was sown at a various
planting dates in order to overcome the differences in
time of heading,all possible parental combinations
without reciprocal were made among the six genotypes
producing 15 crosses. In 2017 season,30 days old
seedling of the parents and their 15 F1 hybrids were
individually transplanted in randomized complete block
design with three replications, at two locations Sakha as
a normal soil and El-Sirw as a saline soil. Each replicate
consisted of three rows of each parent and F1 cross. The
rows were five meters long with 20 cm between rows
and comprised 25 hills each of a single plant/hill. All
agronomic practices were done as recommended with
rice crop during growing seasons of the study.The data
were recorded on an individual plant basis for parents
and F1 generation.

Table 1. Name, pedigree and origin of evaluated Egyptian parental genotypes.

No. parent Pedigree Types Reaction to salinity
1 GZ1368-5-S-4 IR 1615 X BY 94 Indica Tolerance
2 GZ9057-6-1-3-2 GZ 1368 X GZ 6296 Indica/Japonica Tolerance
3 Giza 178 Giza 175/ Milyang 49 Indica/Japonica Tolerance
4 GZ6296-12-1-2-1-1 AC 1225 x Hua lien 202 Indica/Japonica Sensitive
5 Sakha 105 GZ 5581x GZ 4316 Japonica Sensitive
6 Sakha 106 Giza 177 x Hexi 30 Japonica Moderate
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Soil analysis:

Four sites (from 1-4) were randomly chosen
within El-Sirw Agricultural Research Station to
represent the area under study.The chemical analysis
was carried out using the soil extract 1:5 to estimate the
soluble anions, cations and salinity level according to
Black et al.(1965) .Some chemical characters of soil and
water of the experimental site at Sakha and El-Sirw
location in 2016 season are given in Table 2.The
following traits were measured i.e., number of days to
heading (days),plant height (cm),flag leaf area (cm?2)

Table 2. Soil chemical analyses of experiment sites.

,number of tillers per plant, number of panicles/plant,
1000-grain weight, panicle length, number of filled
grains/panicle, spikelets fertility(%),grain yield/plant
and harvest index(%) according to IRRI (1996). Salinity
tolerance index % (SI) for each character was calculated
by the formula of Dwivedi et al. (1991) as follows:-

Value of each character under saline situation

Salinity Index= x 100

Value of each character under normal situation

Location Ece Anions( meq.L-1) Cations( meq.L-1) micronutrients ( ppm)
ds.m-1 CO3= HCO3- CI- SO4-- Cat+ Mg+t K+ Na+ Fe Mn Zn

Sakha 333 - 5.56 9.04 1833 10.01 5.00 16.30 1.88  4.55 3.10 1.50

El Sirw 6.79 -- 8.0 27.0 25.1 9.0 12.0 4.0 38.7 - -- --

Estimates of phenotypic Correlation:

The relationship among the important characters
under this study were assessed statistically through
simple correlation as reported by Gomez and Gomez
(1984), using SPSS (Statistical Package for Social
Sciences) version 10 for windows.The phenotypic
correlation coefficients (rp) between all possible pairs of
the characters were estimated by rising the combined
data of the two environments by using the Gomez and
Gomez (1984).

Multivariate technique:

Multivariate technique was used to asses the
similarities among varied genotypes to evaluate
morphological parameters contributing the
variation.Principal components analysis were used
according to Hair er al. (1987).This analysis was
calculated from a matrix bases on correlation between
the contributed traits from all genotypes. The principal
components of the contributed traits were expressed as
given value, latent roots, and manifested in principal
component analysis was also plotted in a joint plot
diagram.Hierarchical clustering procedure was carried
out using word's minimum method, which minimize
within group sum of squares a cross all partitions.The
procedure used a method performing a disjoint cluster
analysis in the basis of Eaclidean distances as out
lined.The principal components (PC) associated with all
genotypes were expressed as Eigen value and
manifested Eigen vector for all the studied characters in
each PC axis.Results from principal components
analysis and cluster analysis were presented in graphical

and dendrogram presentations.These computations were
performed by using SPSS computer procedure.

RESULTS AND DISCUSSION

1. Growth characters:
Variation and interaction:

Results indicated that location mean squares
were found to be highly significant for all growth
characters studied, indicating that over all wide
differences between the stress and non-stress conditions
table 3.Genotypes, parents and their F1 crosses variance
were found to be highly significant for all growth
characters studied in both locations and their combined
data indicating that over all wide environments
differences among these populations.Parent vs crosses
mean squares,as an indications to average heterosis over
all crosses,were found to be highly significant for all
growth characters under investigation at the salinity
level and their combined data. Also, this indicating that
the average heterosis over all crosses of these traits was
inconsistent from environment to the other.The
interaction of genotypes, parents and crosses with
locations (Sakha and EI-Sirw) were detected to be
significant and highly significant for growth traits
studied except for plant height, indicating that the
genotypes behaved differently from non-stress to stress
conditions.The interaction of parent vs crosses with
environments were highly significant for all studied
traits.Such results indicated that the tested genotypes
varied from each other, and ranked differently from
location to another (normal to saline soil)

Table 3. Observed mean square from analysis of variance for growth traits under normal (Sakha), saline soil

(EL-Sirw) and their combined data.

S0V d.f Days to heading (day) Plant height (cm) Flag leaf area (cm2) Number of tillers / plant
Sin _com N N comb N comb N S comb N S comb
Replications 2 5.33 15.19 19.50 6.644 0.778 0.57 0.25
Location 1 171.5%* 8769.34%* 7364.96%* 1582.45%
Rep. / Location 4 6.69%* 10.85 3.71 0.13
(Genotypes) 20 20 53.50%%  45.70%* 95.7%%  700.60%* 540.18%* 1112.68** 110.38** 71.65%* 124.66%* 28.26%* 28.95%* 48.4]1**
Parents 5 5 59.60%*  71.60%* 1254%* 150.48%* 177.07** 312.27** 33.10%* 57.88%* 29.42%*  30.38%* 44.01%* 70.07**
Crosses 14 14 47.95%%  37.90%* 83.83** 716.72** 462.90*%* 1095.1 88.92%*  R0.73** 131.30** 10.55%* 20.59** 22.32%*
Parent vs crosses 1 1 100.80%*  26.00%* 113.4*%*% 32255%* 1607.46%* 4693.53** 797.28%* 13.21%* 507.86%* 265.66** 70.81** 305.38%*
(Genotypes x 20 3.5% 67.59%* 57.37% g.81%+
Location)
Parents x Location 5 5.8%* 15.28 61.56%* 4.32%
Crosses x Location 14 2.03%+* 84.57** 38.35%* 8.82%*
Parent vs cross x 1 12.6%* 139.46%* 302.62%* 31.08%*
Location
Error 40 80 0.78 2.06 0.72 3.95 2.64 3.30 9.00 1.45 5.23 1.36 1.50 1.53

*, ** significant and highly significant at 0.05 and 0.01 probability levels, respectively. N=normal soil (Sakha location), S=salinity soil

(E1-Sirw), comb= combined data.
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Mean performance:

The mean performance of growth characters
i.e.days to heading, plant height, flag leaf area and
number of tillers / plant in both environments and their
combined are presented in Table (4).The results of
number of days to heading suggested that dominant
effect was variable and depends on the cross itself.
Some crosses were tended towards the early parents,
while the others were found to be closed to the late
parents. However the two parents involved, indicating
presence of partial or no dominance effect. For days to
heading, the desirable mean values towards the earliness
were obtained from parent GZ9057, the crosses
(GZ9057 x GZ6296), (Gizal78 x GZ 6296) and
(GZ9057 x Gizal78) ranged from 117 to 121 days
under both environments and their combined data.The
results in Table 4 indicated that salinity conditions had a
negative effect on the days to heading, where it
decreased under saline soil (EI-Sirw) for all genotypes
as compared with that normal soil (Sakha).Concerning
plant height, the parents GZ9057 and GZ6296, the
crosses (GZ9057 x Gizal78), (GZ9057 x GZ6296) and
(Gizal78 x GZ6296) recorded the desirable mean
values towards dwarfing for this trait at the two
locations and their combined data.Highly significant
reduction in plant height under stress condition in the
most of rice genotypes studied. The differences in plant
height among rice genotypes may be due to mainly
genetic background of genotypes environmental effect
and nature of soil. These results are in agreement with
those reported by Purendu et al.(2004). With respect to
flag leaf area, the crosses (GZ9057 x Sakha 105) and
(GZ6296 x Sakha 105) gave the highest values (56.45
and 52.60 cm2), respectively, while the parent Sakha
105 and the cross (GZ9057 x Gizal78) recorded the
lowest values (34.21 and 34.84 cm?2) respectively, under
normal soil. The rice genotype Giza 178, the crosses
(GZ1368 x Giza 178) and (GZ9057 x GZ6296) gave the
highest values of flag leaf area (25 and 25.76cm?2)
respectively, under saline soil.On the other hand, the
crosses (GZ9057 x Sakha 106) and (GZ1368 x Sakha
106) gave the lowest values of flag leaf area (15.91 and
18.74 cm2), respectively under the same condition. On
the other side, the parents Giza 178 and GZ9057 gave

the highest values of flag leaf area (30.95 and 32.83
cm?2), respectively under combined analysis, while the
crosses (GZ9057 x Sakha 105) and (GZ6296 x Sakha
105) recorded the highest values (39.26 and 37.14 cm2),
respectively under the same condition. Generally, the
flag leaf area reduced significantly when the rice
genotypes grown under saline soil indicating that the
adverse effect of salinity on the genotypes and their
traits.For number of tillers/plant among parents, Giza
178 showed the highest mean value under normal and
saline soil as well as their combined data (30, 26 and
28), respectively. While, Sakha 106 gave the lowest
values for no. of tillers/plant under the same conditions,
(21, 16 and 19), respectively. The crosses (GZ1368 x
Giza 178) and (GZ9057 x GZ6296) showed the highest
values under both environments and their combined
data Table 4. Whereas, the lowest mean values belonged
to (GZ 9057 x Sakha 106) under normal and saline
conditions and their combined data (27, 16 and 21),
respectively.For the vegetative characters, the results
related to salinity effects showed that flowering was
delayed due to salinity effect as a result of slowed
elongation of the panicle and supporting tissues Lafitte
et al. (2004). Vegetative stage under salinity is relation
to timing of plant growth and developing. Also, plant
height was affected by salt stress that caused plant
dwarfness than normal condition (Kamoshita et al.
2008). Salinity stress resulted in reduction of number of
tillers / plant due to plant weakness growth. Flag leaf
area is an important trait for photosynthesis and salinity
stress reduces it and reflects on the photosynthesis
processes. Results in Table 4 showed that most
favorable combiners for vegetative characters under
salinity stress were GZ9057, Giza 178 and GZ6296.
Regarding to the behavior towards the salinity stress we
expected that GZ9057 will be the worst parent under
salinity condition but if we considered that GZ9057 has
some of desirable vegetative traits such as days to
heading, plant height and number of tillers per plant and
these traits gave the superiority to be the first of the
ranking and Giza 178 had the same pattern. Concerning,
(GZ9057 x GZ6296) and (Giza 178 x GZ6296) were
the most superior crosses for vegetative traits under
salinity conditions.

Table 4. Mean performance of growth traits for six parents and their F1 crosses in both environments and

their combined data.

Days to heading(day) Plant height (cm) Flag leaf area (cm2) Number of tillers/plant

NO_Genotypes N S Comb. N S Comb. N S Comb. N S Comb.
1 GZ1368 131 130 131 114.53 87.33 108.85 37.50 19.20 28.35 26 19 23
2 GZ9057 123 121 122 97.20 91.83 92.27 4387  21.78 32.83 25 22 23
3 Gizal78 135 131 133 103.66 80.16 97.75 35.89  26.00 30.95 30 26 28
4 GZ6296 125 123 124 97.76 91.21 88.97 38.25 17.00 27.63 25 17 21
5 Sakha 105 126 120 123 107.33 95.10 99.27 34.21 17.11 25.66 23 17 20
6 Sakha 106 126 121 124 111.33 87.33 103.22 39.34 1578 27.56 21 16 19

Over all parents 128 124 126 105.30 91.47 98.39 38.18 19.48 28.83 25 20 22
7 GZ1368 x GZ9057 133 129 131 123.66 109.33 116.50 47.54  20.00 33.77 31 20 26
8 GZ1368 x Giza 178 126 126 126 119.33 102.33 110.83 4583  25.00 35.42 31 25 28
9 GZ1368 x GZ6296 132 128 130 124.99 102.33 113.67 4149 2033 30.91 28 20 24
10 GZ1368 x Sakha 105 127 125 126 144.44 115.10 129.77 4898 2333 36.16 31 23 27
11 GZ1368x Sakha 106 127 125 126 141.21 125.99 133.61 49.10 18.74 33.92 28 19 24
12 GZ9057 x Giza 178 121 119 120 104.99 93.55 99.28 34.84  22.00 28.42 32 22 27
13 GZ9057 x GZ6296 120 119 120 91.10 82.99 87.05 46.48  25.67 36.08 32 26 29
14 GZ9057 x Sakha 105 124 123 124 125.66 107.77 116.72 56.45  22.07 39.26 27 22 25
15 GZ9057 x Sakha 106 121 120 121 119.22 111.33 115.28 47.83 15.91 31.87 27 16 21
16 Giza 178 x GZ6296 120 117 119 95.99 73.55 84.77 37.68  19.67 28.68 29 20 24
17 Giza 178 x Sakha 105 127 125 126 117.55 106.33 111.94 47.58  24.20 35.89 27 24 25
18 Giza 178 x Sakha 106 122 120 121 117.44 88.553 103.00 4797  24.67 36.32 29 25 28
19 GZ6296 x Sakha 105 123 119 123 135.66 116.86 126.26 52.60  21.67 37.14 30 22 26
20 GZ6296 x Sakha 106 126 125 126 138.55 111.66 125.11 42.53 21.67 32.10 31 22 26
21 Sakha 105 x Sakha 106 124 121 123 117.32 92.053 104.69 4379 2244 33.12 28 22 25

Over all cresses 116 114 115 121.14 102.65 111.90 46.05 21.82 33.94 29 22 26

Over all genotypes 122 119 121 111.68 94.88 103.38 43.80 21.15 32.48 27 21 24
L.S.D. 0.05 0.72 1.17 0.69 1.62 1.33 1.48 2.45 0.98 1.87 0.95 1.00 1.01
L.S.D. 0.01 141 230 136 3.18 2.60 291 4.80 1.93 3.66 1.87 196 1.98

N=normal soil (Sakha location), S=salinity soil (EI-Sirw), comb= combined data.
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2. Yield and its component:
Variation and interaction:

Results indicated that location mean squares
were found to be highly significant for all yield and its
component traits, indicating over all differences
between the stress and non-stress conditions
table5.Genotypes, parents and their F1 crosses mean
squares were found to be highly significant for all grain
yield and its components in both locations and their
combined data indicating that over all wide differences
among these population. Parent vs. crosses mean
squares, as an indications to average heterosis over all
crosses, were found to be highly significant also for all
yield characters under investigation at the two
environments and their combined data. This indicating
that the average heterosis over all crosses of these traits

was inconsistent from environment to the other. The
interaction of genotypes, parents and crosses with
locations (Sakha and EI-Sirw) were detected to be
highly significant for grain yield and its component
studied traits except for harvest index, indicating that
the genotypes behaved differently from non-stress to
stress conditions. The interaction of parent vs crosses
with environments was highly significant for all studied
yield characters except for harvest index. Such results
indicated that the tested genotypes varied from each
other, and ranked differently from location to another
(normal to saline soils). The current results are in
agreement with the results of EL-Mowafy (2001), EL-
Refaee (2002) but Negm (2011).foun that mean square
values of parent vs crosses were insignificant for 1000-
grain weight.

Table 5.0bserved mean square from analysis of variance for grain yield and its components traits under
normal (Sakha), saline soil (EL-Sirw) and their combined data.

S.0.V d.f Number of panicles/plant  1000-grain weight (g) Panicles length (¢cm) Number of filled grains/panicle
T sin Com N S comb N S comb N S comb N S comb
Replications 2 0.54 4.02 1.20  1.89 0.03 0.17 4.67 1.86
Location 1 1370.56** 194.88** 412.86%* 46482.10%*
Rep. / Location 4 6.99 1.54 0.10 3.28
(Genotypes) 20 20 24.39%* 18.05** 43.69%* 58.38%*35.45%* 85 14%* 17.89%* 13.27** 26.69** 1880.20** 1765.10%* 3121.17**
Parents 5 5 22.92%F 65.19%* 80.07*%* 37.19%* 27.33%* 63.36%* 10.67** 5.34%* 10.99** 560.32** 2064.60** 2188.06**
Crosses 14 14 10.72%% 11.44%* 19.08%* 52.83** 27.26%* 68.20%* 13.52%* 12.27** 21.43** 245580** 1767.60** 3668.56**
Parent vs crosses 11 223.15%% 125.04** 206.32%% 242.05%* 190.68** 431.20%* 115.2%* 66.93** 178.86** 425.00** 234.10%* 123.10**
(LGen".types X 20 6.46* 8.69%* 4475 524.15%*
ocation)
Parents x Location 5 8.04%* 1.17%* 5.02%* 436.82%*
Crosses x Location 14 3.09 11.88%* 4.37%* 584.83%*
Eare“? VS Cross x 1 45.73%+ 1.53%* 3.25% 111.20%
ocation
Error 40 80 2.10 1.52 2.90 022 054 038 0.62 031 046 48.28 33.34 40.81

*, ** significant and highly significant at 0.05 and 0.01 probability levels, respectively. N=normal soil (Sakha location), S=salinity soil (El-

Sirw), comb= combined data.

Table 5. Cont.

S.0.V d.f Spikelet fertility % Harvest index% Grain yield/plant (g) Salinity index %
T sin _com N S comb N S comb N S comb comb
Replications 2 25.99 0.87 1.63 0.19 6.92 1.97 15.29
Location 1 3019.97** 353.07** 15101.80%* -
Rep. / Location 4 1.81 091 4.45 -
(Genotypes) 20 20 447.66** 708.50%* 964.83%* 49.16%* 54.04** 102.14** 348.90** 263.95%* 514.4]1** 326.80**
Parents 5 5 23.98 101.89%*  68.50* 12.50** 10.94** 22.96** 11530** 34.86** 128.53** 4234
Crosses 14 14 462.27%% 75530*%*% 924.48** 62.31** 69.30** 130.27** 285.08** 177.46** 329.79** 353.60%*
Parent vs crosses 1 1 2012.40%* 3037.40%* 5423.09%** 48.37** 5597** 104.21** 2410.50** 2620.20** 5028.49**  1374.00%*
(Genotypes x Location) 20 220.43%%* 1.06 98.44%* -
Parents x Location 5 57.37** 0.48 21.62%* -
Crosses x Location 14 293.09%* 1.34 132.75%* -
Parent vs cross x 1 18.48%* 0.14 2218 -
Location
Error 40 80 1.78 1.81 1.60 0.78 0.70 0.74 8.51 6.92 7.719 33.96

*, ** significant and highly significant at 0.05 and 0.01probability levels, respectively. N=normal soil (Sakha location), S=salinity soil (El-

Sirw), comb= combined data.

Mean performance:

The mean performance of the yield and its
components varied from combination to other table
6.The parent Giza 178 and GZ9057 recorded the highest
mean values of yield and yield components under
normal and saline conditions as well as their combined
data, while the parent Sakhal06 gave the lowest mean
value of them under the same conditions. On the other
hand, the crosses (GZ9057 x GZ6296), (GZ1368 x
Gizal78) , (GZ1368 x Sakha 105) and (Gizal78 x
Sakha 106) gave the highest mean values of number of
panicles/plant under both environments and their
combined under normal conditions all entries showed
mean values higher than under saline soil for this trait.
For 1000-grain weight (g) among parents GZ1368 and
GZ6296 showed the highest mean value under normal

and saline soil as well as their combined data. On the
other side, Giza 178 gave the lowest values for 1000-
grain weight (g) under the same conditions, which
values were (22.50 , 20.67 and 21.58, respectively ), the
crosses (GZ6269 x Sakha 106), (Sakha 105 x Sakha
106), (Gizal78 x Sakha 106), (GZ9057 x GZ6296) and
(GZ1368 x Sakha 106) showed the highest values
under both environments and their combined data
(Table 6).The lowest mean values belong to (GZ 1368x
Gizal78) under normal and saline conditions and their
combined data(22.03 ,21.30 and 21.67, respectively
).Regarding panicle length, among parents GZ 1368 and
Giza 178 showed the highest mean value under normal
and saline soil as well as their combined data.On
contrary, Sakha 105 gave the lowest values for panicle
length under the same conditions,which values were
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(21.50, 19.67 and 20.58, respectively).The crosses
(GZ6296 x Sakha 106), (GZ1368 x Giza 178),
(GZ1368x GZ9057) and (GZ1368 x GZ6296) showed
the highest mean values under both environments and
their combined data Table 6. The lowest mean values of
(Giza 178 x Sakha 106) under normal and saline
conditions and their combined data (25.44, 18.83 and
22.14 respectively).With respect to number of filled
grains/panicle , Giza 178 showed the highest mean
value under normal and saline soil as well as their
combined data (153, 146 and 150, respectively).The
crosses (GZ9057 x Giza 178), (GZ1368 x GZ6296),
(GZ6296 x Sakha 106) and (GZ1368 x Giza 178) gave
the highest values, while the parent Sakha 105 recorded
the lowest mean values of filled grain/panicle(138,95
and 116 in normal, saline and combined data,
respectively). While the cross (GZ9057 x Sakha 106)
recorded the lowest values (93, 64 and 79 grains,
respectively) under normal and saline soil as well as
their combined. For spikelet fertility %, the desirable
mean values were obtained from parents Sakha 106,
Sakha 105 and GZ6296 and the crosses(GZ9057 x
GZ6296), (GZ1368 x GZ6296) and (GZ9057 x
Gizal78) and ranged from 90.55% to 97.57 under both
environments and their combined data. The results in
Table (6) indicated that salinity conditions have
negative effect on the spikelet fertility %, where it
decreased under saline soil (EI-Sirw) for all genotypes
compared with normal soil.Sinha (198 Zayed et al.
(2017) 6).Under normal and soil salinity found that
spikelets sterility was highly affected by soil salinity in
all evaluated rice genotypes.Concerning harvest index,
the parents Sakha 106 and Sakha 105 and the crosses
(GZ6296 x Sakha 106), (Gizal78 x GZ6296) and
(GZ1368%x GZ6296) recorded the desirable mean
values for this trait at the two locations and their
combined data. There was highly significant reduction
in harvest index under stress conditions in the most of
studied rice genotypes studied. For grain yield/plant,
the desirable mean values were obtained from parents

Giza 178 and GZ1368 and the crosses (GZ1368 x
GZ6296), (Gizal78 x GZ6296) and (GZ1368 x
GZ9057), and ranged from 51 to 74 (g) under both
environments and their combined data. Hassan (2003)
and Zayed et al (2016) indicated that increasing salinity
levels caused significantly reduction in spikelets
sterility, panicle weight, 1000-grain weight and grain
yield per plant.Regarding to salinity index%, the crosses
GZ6296 x Sakhal06, GZ1368 x Sakhal06 and GZ9057
x Sakhal06 gave the highest values (82, 77 and 74%,
respectively) under normal soil at Sakha ,while the cross
as SakhalO5 x Sakhal06 and GZ9057 x Giza 178
recorded the lowest values (41.33and 49.04%) of
harvest index under the same condition. Zayed et al.
(2017) reported that an average salinity can reduce rice
grain yields, which was quite lower than current
guidelines indicating that salinity affects rice yield at or
above 3.0 dSm-1. Salinity had negative impacts on a
number of yield components, including stand
establishment, numbers of panicles and spikelets per
plant. Khatun et al. (1995) studied the effects of salinity
on the reproductive stage of rice genotypes also reported
that salinity reduced the number of productive tillers,
number of fertile florets panicle-1, grain weight and the
grain yield. Effects on grain yield were more severe
than on vegetative growth. There was genotypic
variation in the response of these characters to
salinity.Regarding to the behavior towards the salinity
stress we expected that Giza 178 and Sakha 105 was the
worst under salinity condition but if we considered that
Giza 178 has some of desirable yield and its component
traits such as number of panicles / plant, panicle length
(cm) and no. of filled grains / panicle and those traits
gave it the superiority to be in the first of the ranking, in
the same trend Giza 178 was behaved.Concerning,
(GZ6296 x Sakha 106) and (GZ1368 x GZ 6296) were
the most superior crosses for grain yield and its
components traits under salinity conditions In fact, for
the previous two crosses that gave the highest mean
values under salinity stress.

Table 6. Mean performance of grin yield components traits for six parents and their F1 crosses in both

environments and their combined data.

Number of 1000-grain weight Panicle length Number of filled
NO Genotypes panicles/plant (3] (cm) grains/panicle
S Comb. N Comb. N S Comb. N S Comb.
1 GZ1368 25 18 21 30.97 29.03 30.00 26.78  21.55 2417 161 131 146
2 GZ9057 23 20 22 25.73 24.83 25.28 24.67 19.89 2228 167 131 149
3 Gizal78 28 23 26 22.50 20.67 21.58 23.00 22.66 22.83 153 146 150
4 GZ6296 23 16 19 32.13 28.53 30.33 22.33 19.33  20.83 137 100 119
5  Sakha 105 22 16 19 28.20 26.07 27.13 21.50 19.67 20.58 137 78 107
6  Sakha 106 20 15 18 28.83 26.40 27.62 23.17 19.67 21.42 138 95 116
Over all parents 23 19 21 28.06 25.92 26.99 23.58 2046 22.02 149 113 131
7 GZ1368 x GZ9057 28 18 23 32.53 28.27 30.40 27.67 2455 2611 154 116 135
8 GZ1368 x Giza 178 30 23 27 22.03 21.30 21.67 29.77 2455 27.16 167 131 149
9  GZ1368 x GZ6296 26 18 22 34.30 29.93 32.12 25.66 2433 2500 170 141 155
10 GZ1368 x Sakha 105 29 22 26 28.27 27.37 27.82 29.77  23.66 2672 169 103 136
11 GZ1368x Sakha 106 26 19 22 32.60 31.63 32.12 28.89 2355 2622 154 96 125
12 GZ9057 x Giza 178 30 21 25 31.60 28.10 29.85 2455 2322 2389 204 145 175
13 GZ9057 x GZ6296 31 23 27 34.13 31.63 32.88 24.17 2033 2225 163 122 142
14 GZ9057 x Sakha 105 26 20 23 32.73 29.53 31.13 2550  23.55 2453 112 86 99
15 GZ9057 x Sakha 106 25 16 21 36.40 29.27 32.83 2722 21.44 2433 93 64 79
16 Giza 178 x GZ6296 27 20 23 31.90 28.77 30.33 23.77  20.67 2222 165 79 122
17 Giza 178 x Sakha 105 25 21 23 26.50 30.47 28.48 27.55 2400 2578 137 120 128
18 Giza 178 x Sakha 106 29 22 26 33.37 32.77 33.07 25.44 18.83 22.14 102 83 93
19 GZ6296 x Sakha 105 26 20 23 38.57 31.00 34.78 27.44 2433 2589 142 107 125
20 GZ6296 x Sakha 106 29 20 24 37.10 33.87 35.48 2789  24.67 2628 153 137 145
21 Sakha 105 x Sakha 106 27 21 24 33.97 32.70 33.33 23.22 19.44 2133 144 105 125
Over all cresses 28 20 24 32.40 29.77 31.09 26.57 22774 24.66 158 116 137
Over all genotypes 26 19 23 31.16 28.67 29.92 25.71 22.09 2390 153 115 134
1.s.d 0.05 2.32 1.97 2.73 0.75 1.18 0.98 1.26 0.89 1.09 11.12 9.24 10.22
1.s.d 0.01 3.05  2.60 3.59 0.98 1.55 1.30 1.66 1.17 1.43 1464 12.16  13.46

N=normal soil (Sakha location), S=salinity soil (El-Sirw), comb= combined data.
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Table 6. cont.

Spikelet fertility % Harvest index Grain yield/plant (g) Salinity

NO_ Genotypes N S Comb. N S Comb. N S Comb. index%
1 GZ1368 97.12  81.22 89.19 35.05 31.93 33.49 52.66 3033 41.50 57.72
2 GZ9057 9433  79.26 86.80 34.19 31.22 32.71 58.33 3500 46.67 60.03
3 Giza 178 90.55  88.18 89.36 37.38 33.32 35.35 55.27 30.00 42.64 54.31
4 GZ6296 97.41  90.51 93.96 38.44 34.33 36.39 49.27 28.00  38.64 57.12
5 Sakha 105 9342 9141 91.92 38.55 34.90 36.73 40.50 25.00 32.75 61.70
6 Sakha 106 97.61  94.19 95.90 39.15 36.34 37.75 53.48 2733 4041 51.38

Over all parents 9520  87.38 91.19 37.10 33.67 35.40 51.59 29.28  40.44 57

7 GZ1368 x GZ9057 96.44  57.57 77.01 44.26 39.90 42.08 69.16 51.76  60.47 74.86
8 GZ1368 x Giza 178  94.16  61.28 77.72 37.52 33.27 35.39 65.55 44.00  54.78 67.37
9 GZ1368 x GZ6296 93.66 9136 92.51 43.39 41.05 4222 73.72 5270  63.21 71.75
10 GZ1368 x Sakha 105 79.34  67.40 73.29 38.94 36.01 37.48 63.33 41.66  52.50 65.74
11 GZ1368x Sakha 106 ~ 71.26  88.27 79.77 32.38 28.58 30.48 62.33 48.00 5517 77.05
12 GZ9057 x Giza 178~ 97.57  90.55 94.56 39.37 38.40 38.89 90.51 4433 6743 49.04
13 GZ9057 x GZ6296 9524 9451 94.87 35.52 32.73 34.13 66.94 4840  57.67 72.46
14 GZ9057 x Sakha 105 65.23  58.49 61.86 35.27 32.15 33.71 57.33 32.13 4473 56.01
15 GZ9057 x Sakha 106  65.57  54.76 60.17 36.00 31.06 33.53 4533 33.66  39.50 74.37
16 Giza 178 x GZ6296  94.13  87.74 90.93 47.60 44.17 45.88 70.95 51.66  61.31 72.89
17 Giza 178 x Sakha 105 75.71  61.58 68.65 35.13 31.15 33.14 67.66 45.00 5633 67.43
18 Giza 178 x Sakha 106  67.13  56.27 61.70 33.47 30.18 31.83 57.99 39.80 48.90 68.48
19 GZ6296 x Sakha 105 77.58  64.33 70.96 42.53 39.05 40.79 60.00 41.70  50.85 69.54
20 GZ6296 x Sakha 106  70.51 56.00 63.26 44.42 41.55 42.99 62.00 51.03  56.52 82.34
21 Sakha 105 x Sakha 106 92.88  87.91 82.73 40.17 37.14 38.66 66.38 27.43 4691 41.33
Over all cresses 81.67  69.57 76.67 39.06 35.76 37.41 65.28 43.55 5442 67.38
Over all genotypes 85.52  74.66 80.82 38.51 35.16 36.84 61.11 39.21 50.16 64.42
L.S.D. 0.05 2.14 1.66 2.15 1.41 1.33 1.37 4.67 4.21 445 9.33
L.S.D. 0.01 2.81 2.19 2.83 1.86 1.76 1.81 6.15 5.54 5.85 12.28

N=normal soil (Sakha location), S=salinity soil (El-Sirw), comb= combined data.

Phenotypic correlation coefficients:

High yield at the salinity conditions has been
attributed to the salinity tolerance nature of the
genotypes association analysis reveals that the
relationship between the various independent yield
contributing characters with the dependent variable of
interest, the grain yield. Also, yield improvement in
salinity conditions is difficult without understanding the
association of secondary and putative traits of salinity
tolerance with grain yield. In the present study the
association has been done to identify the nature of
association among important yield contributing
vegetative, yield and its component traits of salinity
tolerance with grain yield in F1 generation of rice.
Observation values were recorded on 16 yield
contributing and salinity tolerance characters viz, days
to heading, plant height, flag leaf area, number of
tillers/plant, number of panicles/plant,1000-grain
weight,panicle length,no. of filled grains/panicle,
harvest index and grain yield /plant. Data in Table (7)
showed that grain yield/plant was highly significant

positive correlated with each of plant height, number of
tillers/ plant, 1000-grain weight, panicle length, number
of filled grains/panicle and harvest index. As for
number of filled grains/panicle gave highly significant
positive correlation coefficient with number of days to
heading (days) (0.536) and number of tillers per plant
(0.472). In the same time, grain yield had significant
correlation with number of of panicles/plant (0.411).For
panicle length, results showed that highly significant
positive correlation coefficient between this trait and
number of days to heading with value (0.532) and gave
significant with plant height (0.724), flag leaf area
(0.360).Flag leaf area is concerned, positive significant
and highly significant correlation coefficient estimates
were found between this trait and number of days to
heading and plant height with values 0.397 and 0.438,
respectively.For plant height only number of days to
heading showed significant positive correlation
coefficient with plant height with value (0.405).Similar
findings were obtained by Negm,(2011).

Table 7. Estimates of correlation coefficients between all studies traits under salinity stress conditions.

PH FLA NT N.P_ 1000.G  P.L N.F.G S.F H.I H.P M.P HR G.L G.W GY
D.H 0.405%* 0.397** 0.165 0.223 -0.282* 0.532** 0.536** -0.154 -0.062 0.433** -0.18 0.417** -0.279* -0.256* 0.079
PH 0.438** -0.077 -0.067 0.214 0.724** -0.027 -0.508** -0.074 0.380** 0.176 0.072 -0.176 -0.243 0.397**
F.LA -0.015 -0.094 0.096 0.360** -0.097 -0.568** -0.082 0.414** 0.02 0.04 -0.133 -0.283* 0.123
N.T 0.811** -0.071 0.251* 0472** -0.202 -0.123 0.114 0.054 0.044 0.114 -0.285* 0.388**
N.P -0.225 0219 0411**  -0.1 -0.059 0.156 -0.013 -0.058 0.016 -0.304* 0.167
1000.G -0.015 -0.232 -0.163 0.118 -0.042 0.12 -0.319* -0.052 0.09 0.392%*
P.L 0.431* -0.411** 0.242 0.324* 0.065 0.228 -0.202 -0.554** 0.578**
N.F.G 0.17 0.176 0228 -0.144 0.374** -0.036 -0.23 0.394**
S.F 0.114 -0.416** -0.105 -0.019 -0.037 0.370** -0.211
H.I -0.179 -0.082 0.036 -0.213 -0.035 0.384**
H.P 0.026 0.124 -0.021 -0.065  0.038
M.P -0.307* 0.128  -0.13 0.245
H.R -0.027 -0.053  -0.003
G.L -0.051  0.024
G.W -0.574%*
D.H. Numberof Days to heading (day:N.T  Number of tillers perplant. P.L Panicle length (cm). HI Harvestindex (HI %). ~ H.R Head rice percentage. G.Y Grain yield per plant (g).

PH.  Plant height (cm).

FLA  Flagleafarea (o). 1000.G. 1000-grain weight (g).

N.P Number of panicles/plant., ~ N.F.G Number of filled grains/panic H.P
S.F - Spikelets fertility (%).

Hilling percentage G.L. Grain length

MP. Milling percentage . ~ G.W. Grain width

122



J. Plant Production, Mansoura Univ., Vol. 9 (1), January, 2018

7- Multivariate analysis and genetic divergence of
rice genotypes under stress conditions:

Genetic divergence studies on rice have been
revealed some interesting features of differentiation and
adaptability. Such analysis can provide useful additional
information, studying interrelationships of genotypes
and giving graphical assessment of genetic variability.
The present approach for studying genetic divergence in
rice based on vegetative traits, yield and its components
of the parents and F1 hybrids under salinity stress

conditions. These information could be useful in
identifying optimal breeding strategies for rice
improvement.

A-Multivariate analysis:

Multivariate techniques which used principal
components analysis were performed on sixteen
agronomic traits to extract important component to
obtain the initial factor solution using some values.
These values could measure the explained variance
associated with each factor and variable (Hair et al.,
1987).In an analysis with sixteen variable traits as well
as sixteen axes were existed. However, only those traits
which exhibited high multivariate variations were
considered for stress conditions. The relative magnitude
of the coefficient of each traits relating to the first five
principal components from the component analysis can
often provide an interpretation for each component axis
Table 8. The sign of the coefficient is irrelevant, and in
fact arbitrary, though negatively correlated traits will
generally have opposite sign on the given axis. Though
clear guidelines do not exist to determine the
significance of a trait coefficient, on role of thumb is to
treat coefficient < 0.5 as having a large enough effect to
be considered important (Hair et al., 1987). Each trait
was an important source of variation, at least, one
principal component axis. Some traits may have greater
importance in determining plant phenotypes than others
(Brown,1991).The principal components analysis Table
8 showed that panicle length (cm) , number of days to

heading , grain yield per plant, and spikelets fertility
(%).As most of these traits deal with yield and its
components traits which correlated with yield. Thus, we
have essentially a component, or an axis, dealing with
yield traits (weight axis), and giving negative loading
with axis.This trend was changed in the PC2 axis since
earliness traits i.e. number of panicles/ plant, 1000-grain
weight (g) and number of filled grains/ panicle. An
inter-correlation is implied among traits with high
coefficients on the same axis, all these traits had
positive loading with axis. Similarly for PC3, number of
tillers per plant followed by milling exhibited the largest
coefficients on this axis with positive loadings.The rest
PC axes deals with harvest index, PC4, and grain length,
PC5 Table 8. Zulqarnain et al (2013) reported that yield
per plant by plant height and delay in heading time was
a primary source of variation on the first PC axis with
the largest coefficient. Span length had the largest
coefficient in the second axis. However, Sinha and
Mishra (2013) found that the most important traits were
panicle length and 100 grain weight in the PC1, 50%
heading (days) for PC2 and grain length (mm) for
PC3.Each component score is a linear combination of
the trait similar to an index,the maximal amount of
variance is shown on the first PC and second
maximal on the second PC, etc.Thus the two
dimensional distance between genotypes might reflect a
summary of differences based on all traits measured to
the extent that the first two PC axes, are effective in
capturing the combined variance of all traits (Hair et
al.,1987).Therefore, the first two PC axes were used for
presentation of the six parents and 15 F1 hybrids as
shown in Fig. 1. It is clear that the first PC axis
separated most F1 hybrids with some original parents.
However PC2 axis separated most parental genotypes.
In this connection Abdel-Salam et al. (2010) separated
nine parents into 6 groups by using principal
components analysis.

Table 8. Principal component factor analysis of traits associated with 21 rice genotypes under salinity stress

conditions.

. PC axis
Variable PCI PC2 PC3 PC4 PCa Communality
Number of Days to heading (days). 0.707 0.266 -.502 0.043 -.101 0.83
Plant height (cm). 0.622 -.541 -.216 0.039 -.004 0.727
Flag leaf area (cm2). 0.528 -481 -316 -177 -111 0.654
Flag leaf area (cm2). 0.482 0.448 0.573 -.298 -.330 0.958
Number of tillers per plant. 0.441 0.573 0.469 -.252 -.358 0.934
Number of panicles/plant. -.087 -.625 0.274 0.206 -.345 0.634
1000-grain weight (g). 0.878 -.120 0.02 0.302 0.104 0.888
Panicle length (cm). 0.532 0.646 0.079 0.218 0.059 0.757
Number of filled grains/panicle. -.564 0.493 0.005 0.347 0.1 0.692
Spikelets fertility (%). 0.041 0.008 0.141 0.823 0.077 0.704
Harvest index (HI %). 0.633 -.099 -.336 -.398 0.018 0.682
Grain yield per plant (g). 0.099 -411 0.544 -.190 0.275 0.587
Milling percentage. 0.417 0.461 -.466 0.072 0.402 0.771
Head rice percentage. -.151 0.022 0.351 -.508- 0.634 0.806
Grain length -.668 0.072 -.338 -.042 -219 0.615
Grain width 0.556 -212 0.566 0.411 0.166 0.871
Eigen value 4.335 2.632 2.232 1.794 1.124 12.117
Var % 27.094 16.449 13.951 11.21 7.026 75.73
Comulative% 27.09% 43.54% 57.49% 68.70% 75.73% 75.73%

b- Hierarchical clustering analysis:
This procedure, which using disjoint cluster
analysis on the basis of Euclidean distance, provides
visual idea about variability’s presented in the studied
rice genotypes, in addition to assuring the continued
genetic improvement.
Diversity among parental genotypes:
The estimates of Euclidean
coefficient between the six parental

dissimilarity
genotypes

corresponding to the 15 possible comparisons are given
in Table 9. These estimated that treated as Chi-square
values, showed that about 80 of values were significant.
These results indicated that the studied genotypes were
expected to similarly a broad spectrum of variability and
confirmed the detected significant among these parents.
Euclidean distance were ranged from 17.59 between
(GZ6296 and Sakha 106) to 71.23, between (Giza 178
and Sakha 105) under stress conditions. In this regard,
these results are in agreement with Chakravarthi and
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Naravaneni (2006) they reported low similarity
coefficient between Japonica type and Indica type’s
genotypes, and Kanawapee et al. (2011) they reported
relatively high level of similarity between closely
related genotypes. Genetic divergence based on
Euclidean distance between the six parental genotypes
are presented in Fig. 2. All genotypes clearly grouped
into four major clusters. The first cluster represents
Sakha 105, Sakha 106 and GZ6296 as salt sensitive
cluster in most of the characters, but showed the GCA
in the number of filled grains / panicles. On the other
hand clusters 3 and 4 include the parents Gizal78 and
GZ9057. They were superior for plant height, number of
panicles/plant, number of filled grains/panicles and
spikelets fertility %. Cluster analysis provided with a
complete view of the variation present among the six
rice genotypes and it might be used for the plant
breeders for the genetic improvement of rice under
saline soil. El-Malky et al. (2007) reported that the
ability of SSR makers to divide the genotypes into two
groups, one included the Indica genotypes and the other
included the Japonica genotypes. Also, Zeng et al.,
(2004) found that, all genotypes clearly grouped into
two major branches in the dendrogram with less than
10% similarity based on Jaccard similarity index, one
branch represented the subspecies Japonica rice and the
other branch represented the subspecies Indica or the
hybrids between Japonica rice and Indica rice.Machado
et al.(2002) noticed that in order to obtain the best
combination, choose parents which have greatest
genetic divergence. However, not only the genetic
divergence might be used to choose parents for
crossing, but also the performance of parents and their
Fl,s. as well as GCA and SCA effects are more
informative than performance El-Mansy 2014).It is
interesting to note that crossing genotypes from
genetically distant clustered populations may result in
the expression of more heterosis in F1 generation and
wider genetic variability in the selected on the basis of
large inter cluster distance for isolating useful
recombinants in the segregating generations under
salinity stress conditions.

Divergence between parental genotypes and their F1
progenies:

Based on relative dissimilarity among the
genotypes the 21 rice genotypes (15 F1 hybrids and six
parents) were grouped into eight major clusters as
presented in Fig. 3. The relative distribution of parental
genotypes and their F1 heterozygous in dendrogram
reflects a broad parallelism between divergence distance
and principal component analysis as well as general and
specific combining ability. Cluster 1 contained two F1

hybrids. Both of them between closely related parents
and gave desirable significant values for spikelets
fertility% traits, GZ9057 and Sakha 105 as a common
parent with Giza 178 and Sakha 106 under stress
conditions. Cluster 2 contained one F1 genotype having
divergent distance with other genotypes and clusters.
This genotype was the best hybrid for SCA effect for
grain yield. The parents in this hybrid were distantly
related parents. Most combinations which had good
specific combining ability were having one or two
parents of either good x good or good X poor general
combiner for example, the cross combinations (Giza
178%x (GZ6296) surpassed all crosses for most earliness
character. The crosses which included one good and one
poor general combiners, could produce desirable
transgressive sergeants if fixable gene complexes
(additive) in good combiners and complementary
epistatic effect in poor combiners acted in the same
direction to maximize the desirable attributes. Cluster 3
consisted of three genotypes. Three of them were
parental. The genotypes in such cluster were the best
GCA for spikelets fertility% trait. In contrast cluster 4
contained two F1 hybrid. On the other hand, cluster 5
consisted of five genotypes (two F1 hybrids and three
parents). Cluster 6 and cluster 7 contained one F1
genotype having divergent distance with other
genotypes and cluster 8 consisted of six F1 hybrids.
Agrama et al., (2007) studied association mapping of
yield and its components in rice cultivars. Cluster
Analysis grouped 92 accessions in eight clusters
according to geographic region. Rashid et al. (2008),
Akter et al., (2009), Seetharam et al, (2009) and
Vanniarajan et al., (2012).

Data in Table 10 showed that the largest intra
cluster distance between clusters 2, 6 and 7 also cluster
land cluster 3 and cluster S8closely related. The
distribution pattern of the F1 heterozygous were more or
less influenced by their parents as expected on the basic
of close affinity between the parents and their F1
progenies.It is evident that crossing of distantly related
parents may give hybrids which surpassed their parents
in most trait and should produce higher variance in
segregating generation rather than crossing between
nearly related parents, which agree with Al-Akheder
(2007) and EI-Mansy et al (2014).Grouping of
genotypes by multivariate methods in the study is of
practical value for the rice breeder. Representative
genotypes may be chosen from the particular groups for
hybridization  programs  with  other  approved
cultivars.This will aid in identification, selection and
combining genotypes to obtain important characters in
one line with a broad genetic base.

Table 9. Euclidean dissimilarity coefficients among six parental rice genotypes under salinity stress

conditions.

Euclidean Distance

Case 1:GZ1368 2:GZ9057 3:Giza 178 4:GZ6296 5:Sakha 105 6:Sakha 106
1:GZ1368 23.381 26.922 40.963 57.332 42.428
2:GZ9057 23.963 35.266 55.824 41.487
3:Giza 178 50.85 71.23 55.622
4:GZ6296 25.771 17.587
5:Sakha 105 18.547
6:Sakha 106

Table 10. Inter and intra cluster distance among eight clusters under salinity stress condition

Cluster 1 2 3 4 5 6 7 8

1 11.300 56.301 58.139 69.642 36.895 45.743 26.436 38.776
2 0.000 29.688 28.671 36.86 51.952 78.046 44.524
3 14.400 23.101 46.822 55.082 79.796 35.647
4 8.900 55.525 56.502 90.186 41.2
5 16.900 42.68 51.312 48.956
6 0.000 51.585 40.996
7 0.000 57.801
8 15.420
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Fig. 1. Representation of 21 rice genotypes of the first two PC axes of principal component analysis under
salinity stress conditions.
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Fig.2.Dendrogram presentation of 6 rice parental genotypes based on dissimilarity coefficients.
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Fig. 3. Result of hierarchical cluster analysis based on dissimilarity coefficient among 21 rice genotypes under salinity

stress conditions.
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