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ABSTRACT
Background and Objective: Rice (Oryza sativa L.) is crucial for Egypt’s agricultural sustainability and food
security, but its cultivation is hindered by salinity stress, water scarcity and rising temperatures. These
challenges are pronounced in salt-affected areas, which account for 50-60% of rice-growing regions. The
present investigation was conducted to realize the feasibility of correlation, path coefficient and principal
component analysis methods using three-line systems in rice (CMS, maintainer and restorer lines) for
newly hybrid rice combinations under salinity conditions. Materials and Methods: The experiment was
carried out during the 2022 and 2023 growing seasons at (RRTC) Farm, Sakha, Kafr El-Sheikh as well as
Elsie station, Egypt. Twelve F1 hybrids obtained from crossing three CMS lines as females with four restorer
lines were evaluated along with the parents for genotypic variation. Analysis of variance was measured
among rice genotypes for all traits. Results: The results revealed that grain yield per plant was highly
significant positively correlated with each of panicle length, panicle weight and potassium content under
normal conditions, while was highly significant positively correlated with panicle weight, spikelet’s sterility
percentage, panicles per plant and thousand-grain weight under the salinity condition. The path
coefficient analysis showed that the trait with the most direct positive effect on grain yield from
endogenous variables appeared from the group of number of panicles (0.777 and 0.780), followed by
panicle length (7.436 and 0.502) under normal and salinity conditions, respectively. The best genotypes
based  on  salinity  tolerance  including  the  first cluster  have  Giza179  and  GZ9399  and  the  crosses
GAB-A/PR-6 and IR69625A/GZ9399 with best selected traits under salinity conditions such as panicle
weight  and  grain  yield.  Conclusion:  The  promising  hybrid  combinations;  G46A/PR6,  G46A/PR5,
GAB-A/PR6 and IR69625A/Giza179 could use as a good crosses.

KEYWORDS
Hybrid rice, correlation coefficient, path coefficient, principal component analysis, cluster analysis, salinity

Copyright © 2025 Zayed et al. This is an open-access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided
the original work is properly cited.

INTRODUCTION
Rice (Oryza sativa L.) has a very important role and strategic way in Egypt’s agricultural sustainability and
raising its yield is considered a vital option to secure food security and sustainability. The salinity problem
involving  saline soil and water is the main grand challenge rice cultivation and production in which salt-
affected soils represent 50-60% out of total rice cultivated area. Rice is a strategic crop and a main mail
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in several countries, including Egypt, whereas it is cultivated in salt-affected coastal areas as a reclamation
crop despite its sensitivity. Rice is especially well-relevant for the regions affected by waterlogging, as the
standing water helps alleviate and leach out salts from the soil whereas the root zone drains1. Interestingly,
the cultivation and production of rice in Egypt suffer several constraints like salt stress, high temperature
and low fresh water supply, with about 30-35% of irrigated soil of the delta classified as salt-affected soils2.

Researchers interested in rice at Egypt’s Rice Research and Training Center (RRTC) released several
varieties namely; Sakha104, Giza178 and Giza179 as well as EHR1 and GZ9399 to cope with those threats
in terms of salinity and low water supply3. The most of salt-affected contain various soluble salts involving
cations and anions; Ca+2, Mg+2, Na+ and SO4

2G, ClG, HCO3G, can hinder crop production, particularly when
the salinity level of more than 4 which is sufficient to decline yields particularly rice since its salinity
threshold limit is 3. The pH of saline soils typically ranges from 7-8.5 but can vary in saturated conditions,
potentially inducing sharp crop loss4. Salt stress negatively affects rice by slowing growth, diminishing
metabolism and restricting water and nutrient uptake. Furthermore, high sterile spikelets, particularly
inferior ones, under salt stress resulted in a significant decline in rice grain yield.

As previously cited, hybrid rice had high heterosis compared to inbred ones which enabled it to surpass
the inbred rice varieties regarding the growth and grain yield. Furthermore, the high heterosis of hybrid
rice  might  be  induced  by  high  abiotic  stress  tolerance  such  as  salinity,  heat  and  drought  stresses.
Zayed et al.5 evaluated some rice hybrids compared to inbred rice under salt stress and they found that
the tested hybrids had more salt tolerance than inbred owing to their high physiological and
morphological heterosis. Ramadan et al.6 used PCA to classify some rice genotypes into different clusters
with considering their salinity tolerance and salt gene. They found that PCA analysis classified the tested
rice genotypes into four groups based on their tolerance and subspecies as well saltol gene.

Under aerobic conditions, using correlation, path coefficient analysis as well as PCA in terms of Eigen value
analysis was very effective in detecting the genetic diversity among tested rice genotypes. In addition, the
various used statistics analyses showed trustful classification of tested rice genotype to different clusters
based on its drought withstanding indicating the validation of Giza179, Giza178, EHR1 and Gz9399 to
aerobic conditions3. Understanding the genetic behavior of salinity tolerance is a major concern in
producing new genotypes suitable for salt-affected areas in Egypt. In the breeding program, the
knowledge of genetic variability for evolving high grain is important under salt stress. Genetic
advancement is more helpful in predicting the gain under selection than heritability estimates alone7. The
present investigation aimed to study the path coefficient, principal components and cluster analysis of
three diverse CMS lines, four restorer lines and their hybrid combinations for yield and some other traits
in hybrid rice under normal and saline soil. Therefore, the wider goal of the current attempt is nominating
the most alt-tolerant rice hybrid which copes with salinity and climate change stresses.

MATERIALS AND METHODS
Study area and duration: The present investigation was conducted at the Experimental Farm of Rice
Research and Training Center (RRTC), Sakha, Kafer El-Sheikh and El-Sirw Station, Egypt, during the two
rice successive seasons 2022 and 2023.

Materials parentage: The genetic materials used in this investigation involved three CMS lines of rice
obtained from different sterile sources of Wild Abortive (WA) and Gambiaca (three-line system). These
lines were; IR69625A, G46A and GAB-A which were used as female parents. In addition, four Egyptian
tester lines viz., Giza179, PR5, PR6 and GZ9399 were used as testers shown in Table 1.

Methods: The grains of 12 F1 hybrids were obtained in the growing season of 2022, according to
line×tester mating design (3×4) involving the three CMS lines (lines) and four restorer lines (testers). The
obtained  grains  of  the  12 F1 hybrids  in  addition  to their parents were evaluated in the 2023 growing
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Table 1: Cytoplasmic male sterile lines and tester lines used for this study
Genotypes Cytoplasmic source pedigree Grain type Origin
PTGMS lines (female) CMS lines
IR69625A Wild abortive (WA) CMS line Medium grain IRRI
G46A Gambiaca Short grain China
GAB-A Gambiaca Medium grain Egypt
Tester lines (male) restorer line
Giza179 GZ1368-5-S-5/GZ6296-12-1-2-1-1 Short grain Egypt
PR5 Giza 178/GZ6296-12-1-2-1-1 Short grain Egypt
PR6 Giza 178/GZ6296-12-1-2-1-1 Short grain Egypt
GZ9399 Giza 178/IR65844-29-1-3-1-2 Short grain Egypt

Table 2: Some chemical and physical analysis of experimental sites during the 2022 season
meq/L

------------------------------------------------------------------------------------------------------------
Soil EC pH Ca+2 Mg+2 Na+ K+ CO3

2G HCO3G ClG SO4
2G

Normal 2.07 7.59 2.98 1.12 14.96 0.47 2.17 1.34 13.35 5.36
Salinity 8.13 8.46 12.9 6.1 65.23 0.35 6.82 7.36 61.29 12.33

season under both normal and saline soil conditions. The experiment was sown in the nursery during the
first week of May. Seedlings of the parental lines and their F1 hybrids, of 30 days of age, were individually
transplanted in a randomized complete blocks design with three replicates. Each replicate consisted of
3 rows. The rows were five meters long with 20 cm between rows comprising 25 hills each for a single
plant. All agricultural practices were made according to rice recommendations. The data were recorded
on an individual plant basis for parents and F1 generation.

Soil analysis: The soil samples were taken from the experimental farm at El-Sirw Agriculture Research
Station (salinity) and Sakha Agriculture Research Station (normal) and before conducting the experiments,
soil samples from two sites were taken from depths 0-30 cm, all samples were then air dried and prepared
for chemical analysis. The chemical analysis was carried out using the soil extract 1:5 to estimate the
soluble anions, cations and total dissolved salts (TDS). Soil saturation extract was measured according to
Wolf8. The electrical conductivity (EC) was measured in the extract of the soil-saturated past9,10. Some
chemical traits of the soil of the experimental sites at El-Sirw and Sakha stations in the 2022 season were
given in Table 2.

Observations were recorded on the following traits: The data were recorded on five randomly selected
plants from each replication for various quantitative traits studied viz., days to heading, plant height,
panicles per plant, panicle length, spikelet’s fertility (%), 1000-grain weight, panicle weight and yield per
plant. Sodium was determined by flame photometry technique. Sodium content (%)11 and potassium
content (%) were recorded via method of Dewey and Lu12. Potassium was also determined by using the
flame photometry method.

Statistical analysis: Phenotypic correlation coefficients were assessed by the standard procedure
according to Miller et al.11. The path analysis was performed as described by Dewey and Lu12 method. The
statistic pseudo-F statistic and the pseudo-T213 were tested to address the numbers of clusters using SAS
version  9.2  software  (SAS  Institute,  1996,  Cary,  NC). Furthermore, the  patterns  of  morphological
variation, (PCA) were performed. The clustering of various tested rice genotypes into similar groups was
carried out by Ward’s hierarchical algorithm based on squared Euclidean distances.

RESULTS AND DISCUSSION
Mean performance: Mean performance of seven parental lines (three CMS and four restorers) and their
12 hybrid combinations of line×tester for the nine studied agronomic traits i.e., days to heading (day),
plant height (cm), number of panicles plant, panicle length (cm) Fig. 1(a-d) and panicle weight (g), spikelet
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Fig. 1(a-d): Mean performance for the parental lines and their F1 crosses under two different conditions
for studied characters, (a) Days to heading (day), (b) Plant height (cm), (c) Number of panicles
per plant and (d) Panicle length (cm)

fertility (%), 1000-grain weight (g) and grain yield per plant (g) are presented in Fig. 2(a-d), respectively.
The results indicated that the mean performance for the studied traits varied from one combination to
another. Previous results found that field performance for all agronomic traits showed significant
differences among the 64 crosses and their pollen parents at p<0.05 and 0.01 probability levels. Early
maturity is a desirable trait in rice. For days to heading, among parents, GAB-A was the early maturing line
under both conditions normal and saline with values of 90.33 and 88.67 days. The highest mean values
belonged to IR69625A under both conditions with values of 107.33 and 105.0 days, respectively. For the
hybrid combinations, G46A/PR6 gave the lowest mean values (92.0 and 91.0 days) under both conditions,
respectively. While, the highest mean values for this trait were obtained from IR69625A/PR5 under normal
and salinity conditions with values of 103.67 and 101.0 days, respectively in Fig. 1a. For plant height the
results showed that the genotype, GAB-A gave the lowest mean value 94 cm under normal condition while
IR69625A  were  the  shortest  plants  under  saline  soil  condition  with  61  cm  followed  by  G46A/PR5
with 66.33 cm. On the other hand, two crosses IR69625A/PR6 and IR69625A/GZ9399 gave the highest
value of plant height 111 cm under the normal condition shown in Fig. 1b. Meanwhile, two crosses
G46A/PR6 and IR69625A/PR6 gave the highest value of plant height 89.67 cm under salinity condition.
It is worth note noting that most of the F1 mean values were directed toward the tall parents. These, in
turn,  suggested  that  tallness  was  dominant  under  saline  soil  conditions14.  These  results  agree  with
Zayed et al.15 and disagree with Faiz et al.16, they mentioned that both the CMS lines reduced the plant
height of their respective F1 hybrids. For panicles per plant, data showed that the most desirable mean
values towards this trait were obtained from the parents GAB-A (24.67 ) under normal conditions, while
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Fig. 2(a-d): Average performance of the parental lines and their F1 crosses under two distinct conditions
for the studied traits, (a) Panicle weight (g), (b) Spikelet fertility (%), (c) 1000-grain weight (g) 
and (d) Grain yield/plant (g)

the best parent under salinity conditions was GZ9399 (21.33) followed by Giza179 (19.00). Furthermore,
the most desirable mean values of panicles per plant were obtained from the crosses, IR69625A/Giza179
and IR69625A/PR6 under normal conditions; GAB-A/PR6 and IR69625A/GZ9399 under salinity conditions.
Meanwhile, the lowest values of panicles per plant were detected by the parents, PR5 and G46A under
normal conditions and GAB-A and G46A under salinity conditions in Fig. 1c. For crosses GAB-A/PR5 under
normal conditions and GAB-A/PR5 gave the lowest mean value under salinity stresses. Concerning panicle
length,  the  results  indicated  that  the  most  desirable  mean  values  were  obtained  from  the  parents,
PR6 (25.03 cm) and the crosses G46A/PR6 (27.83 cm) followed by G46A/GZ9399 (27.57 cm) under normal,
GAB-A/Giza179 (23.00 cm) under salinity condition. On the other hand, the lowest values obtained from
the parent, GAB-A under normal and IR69625A under saline soil conditions are shown in Fig. 1d.

Regarding panicle weight, the highest mean values were observed for parents PR6 under normal
conditions (5.03) and GZ9399 under salinity conditions (3.60). The lowest mean values were obtained by
GAB-A under normal condition (3.80) and GAB-A along with PR5 and PR6 under salinity conditions (2.30)
in Fig. 2a. On the other side, among hybrids the highest mean values were observed for G46A/PR5 and
G46A/PR6  under  normal  condition  (7.43  and  7.73,  respectively), in addition, IR69625A/GZ9399 and
GAB-A/GZ9399 under salinity (3.63). Meanwhile, the lowest mean values were recorded for the hybrid
IR69625A/Giza179 under normal and G46A/PR5 under salinity conditions (5.80 and 1.80, respectively). For
spikelet’s fertility percentage, among parents the highest mean value and most desirable under normal
and salinity conditions were scored by Giza179 (93.67 and 89.19%, respectively); while the lowest mean 
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Table 3: Phenotypic correlation coefficients among the studied traits were estimated under normal and salinity conditions
Traits DTH PLH NOP PL PW STR TGW
PLH N 0.51* - - - - - -

S -0.05 - - - - - -
NOP N 0.15 0.31 - - - - -

S 0.17 0.03 - - - - -
PL N 0.11 0.69** 0.46* - - - -

S -0.23 0.26 0.24 - - - -
PW N -0.10 0.60** 0.46* 0.94** - - -

S 0.35 -0.01 0.82** 0.33 - - -
STR N 0.06 -0.07 0.02 -0.22 -0.20 - -

S 0.11 -0.01 0.78** 0.29 0.70** - -
TGW N 0.49* 0.49* -0.11 0.39 0.26 0.03 -

S -0.05 0.47* 0.71** 0.39 0.50* 0.67** -
GYP N -0.05 0.67** 0.45 0.87** 0.85** -0.17 0.21

S 0.03 0.09 0.87** 0.37 0.69** 0.90** 0.74**
*Correlation is significant at the 0.05 level, **Correlation is significant at the 0.01 level. Where, DTH: Days to heading, PLH: Plant
height  in  centimeters,  NOP:  Number of panicles  per  plant,  GYP:  Grain  yield  per  plant,  TGW: 1000-grains weight, STR: Spikelets
fertility (%), PL: Panicle length, PW: Panicle weight (g), Na+: Sodium content (%), K+: Potassium content (%), N: Normal and S: Salinity

value  was  obtained  by  G46A  (88.63%) under normal conditions, PR5 (31.69%) under salinity stress in
Fig. 2b. On the other side, among hybrids, under normal condition, G46A/PR5 scored the highest mean
values (94.63%); furthermore, G46A/GZ9399 and GAB-A/GZ9399 exhibited the highest mean values under
salinity conditions (88.15 and 87.88%, respectively). For 1000-grain weight, as in Fig. 2 among parents,
under normal conditions, the highest mean values were scored by PR6 (28.00 g) and GZ9399 (23.33 g)
under salinity conditions, while, the lowest mean value was obtained by GAB-A under normal conditions
and IR69625A under salinity condition. Among hybrids, the highest mean values were scored by the
hybrids IR69625A/PR6, IR69625A/Giza179 and IR69625A/PR5 under normal, while GAB-A/GZ9399 was the
best cross under salinity conditions. Meanwhile, the lowest mean values were recorded by GAB-A/Giza179
under normal conditions and GAB-A/PR5 under salinity stress in Fig. 2c. For grain yield per plant, data
indicated that among parents the highest mean values were obtained by GZ9399 (58.27) under normal
while Giza179 and GZ9399 were given the highest grains weight for the single plant under salinity
conditions (34.1 and 30.77 g) in Fig. 2d. Meanwhile, the lowest mean values were exhibited for GAB-A
(33.90 g) under normal condition furthermore, two parents G46A and GAB-A gave the lowest values under
salinity condition (12.2 and 13.17 g, respectively). Among hybrids, the highest mean values under normal
conditions were scored by the hybrids G46A/PR6 (79.61 g) and the cross GAB-A/PR6 under salinity
conditions  (38.00  g).  Meanwhile,  the  lowest  mean  values  exhibited  under  normal  conditions  were
scored by the hybrids IR69625A/Giza179 (57.17 g) and the cross IR69625A/PR5 under salinity conditions
(17.47 g). The same trend was found by El Mowafi et al.17 they reported that the mean performance of
grain yield of best promising hybrids under saline conditions ranged from 3.22 ton/fed, for IR69625A/PR1
to 3.34 ton/fed, for IR69625A/GZ5121R.

Phenotypic correlation coefficient: For plant height, a significant and highly significant positive
correlation was obtained for days to heading, panicle length, panicle weight, grain yield and potassium
content under normal conditions. Meanwhile, the plant height trait as indicated in Table 3 had a significant
positive correlation with thousand grain weight under normal and salinity conditions. Days to heading
expressed a significant positive correlation with plant height and thousand-grain weight under normal
conditions. For several panicles per plant, it was observed that the number of panicles per plant had a
significant and highly significant positive correlation with thousand-grain weight, panicle length, panicle
weight, spikelet’s sterility percentage and grain yield per plant under normal conditions. Also, the current
number of panicles per plant had a highly significant positive correlation with panicle weight under salinity
conditions. Regarding panicle length, a significant and highly significant positive correlation was obtained
for panicle length with plant height, number of panicles per plant, plant weight, grain yield per plant and
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potassium content under normal conditions. For panicle weight, panicle weight possessed significant and
highly significant positive correlation with plant height, panicle length, number of panicles per plant and
grain yield per plant undernormal condition. Furthermore, there was a significant and highly significant
positive correlation with spikelet’s sterility percentage, thousand-grain weight and grain yield per plant
under salinity conditions. The trait of spikelets fertility percentage had a significant and highly significant
positive correlation with panicle weight, number of panicles per plant, thousand-grain weight and grain
yield per plant under salinity conditions, indicating the high differences among the parent in the crosses
and the heterosis with high yielding controlling by spikelet’s sterility percentage. As indicated here sterility
in terms of panicle fertility plays a direct role in yield formation under salinity conditions. Thereby, the rice
plant breeder working on yielding rice under salt stress should pay attention to improving panicle
characteristics, particularly, panicle fertility and reducing panicle sterility as much possible. Moreover,
spikelet sterility percentage was not significant under normal conditions with any traits. Regarding
thousand grain weight, it had a significant and highly significant positive correlation with days to heading
and plant height under normal conditions. At the same time, it was a significant and highly significant
positive correlation with plant height, number of panicles per plant, panicle weight, spikelets sterility
percentage and grain yield per plant under salinity condition. Again, panicle characteristics including
1000-grain weight in the terms effectively improved yield under salt stress. Regarding potassium content,
the potassium leaf content significantly positively correlated with panicle length and grain yield per plant
under normal conditions. On the other hand, a significant negative correlation was observed with plant
height under salinity conditions.

Data in Table 3 revealed that grain yield per plant was significant and positively correlated with each plant
height18,19, panicle length20,21, panicle weight22,23 and potassium content24 under normal conditions.
Furthermore, the grain yield per plant was highly significantly positively correlated with each panicle
weight22, spikelet’s sterility percentage, panicles per plant20,21 and thousand-grain weight under the salinity
condition. The entire information related to the interlink of plant traits such as rice grain yield with yield
attributes is an important key to the breeder for doing sense improvement in complex quantitative traits
like grain yield for which direct selection is not much acting. Hence, a corresponding analysis was formed
to detect the direction of selection and number of traits in which they could be used for improving rice
grain yield.

Path coefficient analysis: It is well known that path analysis classifies the correlation to direct and indirect
impacts and assesses the relative importance of the factors included. The data of interlinks among various
characteristics is too important when the selection for their vital contribution to improvement is the main
goal of the plant breeder. If two desirable traits are associated, selection for one will automatically be
good enough to make meaningful improvements to the other3. The structure path analysis implemented
the use of AMOS software to see the direct and indirect influence of the investigated traits on grain yield
under normal and salinity environments. Figure 3 and 4 involved the findings of path analysis diagrams
in both studied ecologies. The parameters with the most direct positive impact on grain yield from
endogenous variables were clarified from the group of panicle numbers (0.777 and 0.780), followed by
panicle length (7.436 and 0.502) under normal and salinity conditions, respectively. The current findings
provide the importance of the number of panicles and panicle length for raising rice grain yield,
particularly under stresses such as salinity. These results did agree with those reported by Kiani and
Agahi25 and Zarbafi et al.26 as well as Zayed et al.27.

Principal component analysis: The Principal Component Analysis (PCA) was assessed to find out the
genetic linkage and relations among the presently tested rice hybrids and genotypes. The PCA analysis
divided the studied genotypes into clearly main four clusters based on their origin and salinity
withstanding  under  normal  conditions  (Fig.  5),  the  first  cluster included the genotypes Giza179 and 
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Fig. 3: Path coefficient under normal condition

Fig. 4: Path coefficient under salinity condition

Fig. 5: PCA based on the studied traits under normal conditions
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Fig. 6: PCA based on the studied traits, based on similarity coefficients matrix under salinity condition

Table 4: Eigenvalue and principal component based on studied traits
Normal Salinity

------------------------------------------------------------- -----------------------------------------------------------------
PC Eigenvalue Variance (%) Cumulative (%) Eigenvalue Variance (%) Cumulative (%)
1 4.049 40.49 40.49 4.275 42.75 42.75
2 1.789 17.89 58.38 2.004 20.04 62.79
3 1.326 13.26 71.64 1.149 11.49 74.28
4 - - - 1.017 10.17 84.44

GZ9399 in addition to GAB-A and the cross GAB-A/Giza179. The second cluster involved the four
genotypes IR69625A, G46A, PR-5 and PR-6. While the third cluster contains the crosses of the CMS line
GAB-A and G46A. Meanwhile, all other crosses from the CMS line IR69625A come from the same cluster
approximately. On the other hand, under salinity conditions Fig. 6, the genotypes classified based on
salinity tolerance in which the tolerant genotypes listed in the same cluster with good traits could be used
in a breeding program. The first cluster has Giza179 and GZ9399 and the crosses GAB-A/PR-6 and
IR69625A/GZ9399 with best-selected traits under salinity conditions such as panicle weight and grain
yield.

The first three principal components scored the maximum Eigenvalues which were more than one of
40.49% (PC1),17.89% (PC2) and 13.26% (PC3) explaining the cumulative variation of 71.46% of the total
variation among the studied genotypes under normal condition. Moreover, under salinity conditions, the
first  four  principal  components  scored  the  maximum  Eigenvalues  which  were  more  than  one  of
42.75% (PC1), 20.04% (PC2), 11.49% (PC3) and 10.17% (PC4) explaining the cumulative variation of 84.44%
of the total variation among the studied genotypes under salinity condition (Table 4). These results
indicated the ability of PCA analysis to distinguish the tolerant genotypes from the susceptible ones based
on the studied traits used in the current study.

Cluster analysis
Estimates of cluster analysis under salinity conditions: Hierarchical cluster analysis based on the
vegetative stage was presented in Fig. 7. From analyzing the dendrogram at distance 28, it could be
observed that there are two main distinct groups. The first group comprises four genotypes with more
substantial similarities: IR69625A, G46A, GAB-A and Giza179. Within this group, genotypes G46A and
Giza179 show the closest relationship, joining at a low distance (8). Genotype GAB-A joins this pair at a
low distance (13), followed by genotype IR69625A at a higher distance (19). This structure suggests that
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Fig. 7: Dendrogram derived from cluster analysis for studied rice genotypes based on phenotypic data
used in the current study under normal conditions

while all four genotypes share some common characteristics, there’s a more substantial similarity between
G46A and Giza179 genotypes, with GAB-A being the next closest and IR69625A being somewhat more
distinct within the group. The larger group (second group) encompasses the remaining 15 genotypes (PR5,
PR6, GZ9399, IR69625A/Giza179, IR69625A/PR5, IR69625A/PR6, IR69625A/GZ9399, G46A/Giza179,
G46A/PR5, G46A/PR6, G46A/GZ9399, GAB-A/Giza179, GAB-A/PR5, GAB-A/PR6 and GAB-A/GZ9399).
Analyzing the dendrogram, the second group can be divided into two distinct subgroups: Subgroup 1:
This subgroup includes twelve genotypes, PR5, PR6, GZ9399, G46A/Giza179, IR69625A/Giza179,
IR69625A/PR5, IR69625A/PR6, IR69625A/GZ9399, G46A/PR5, GAB-A/Giza179, GAB-A/PR5 and GAB-A/PR6.
Subgroup  2:  This  subgroup  consists  of  two  genotypes,  G46A/PR6  and  G46A/GZ9399.  Analyzing
subgroup 1 divided into two groups at a distance of about 14 to sub-subgroup 1 contains five genotypes,
PR5, PR6, GZ9399, GAB-A/Giza179, G46A/Giza179 and sub-subgroup 2 contains eight genotypes
IR69625A/Giza179,   IR69625A/PR5,    IR69625A/PR6,    IR69625A/GZ9399,    G46A/PR5,   GAB-A/PR6,
GAB-A/GZ9399 and GAB-A/PR5. Sub-subgroup  1  showed  that  genotypes  (PR5  and  PR6)  and 
(GZ9399  and  GAB-A/Giza179)  were the closest pair,  joining  at  the  lowest  distance  (around  three 
units  on  the  vertical  axis).  Genotype G46A/Giza179 joins the cluster at a distance of about nine units,
which  is  more  closely  related  to  the  (GZ9399 and GAB-A/Giza179) than genotypes (PR5 and PR6). The
sub-subgroup 1 showed that genotypes (G46A/PR5 and GAB-A/PR6) show the closest relationship in the
groups, joining at a low distance (4) next genotype GAB-A/GZ9399 then joins this pair at a low distance
of about (6) and genotype GAB-A/PR5 one of the more distinct genotypes, joining the larger cluster
(G46A/PR5, GAB-A/PR6, GAB-A/GZ9399) at a high distance about (8). Genotypes (IR69625A/PR5 and
IR69625A/PR6) show the closest relationship, joining at a low distance about (5); next, genotype
IR69625A/GZ9399   joins   this   pair   at   a   low   distance   (7).   Genotypes   IR69625A/Giza179  follow
sub-subgroup 2 but at a much higher distance (about 12 units) than the other genotypes in the same
group.
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Fig. 8: Dendrogram derived from cluster analysis for studied rice genotypes based on phenotypic data
used in the current study under salinity conditions

Estimates of cluster analysis under salinity conditions: Hierarchical cluster analysis based on the
vegetative stage was presented in Fig. 8. Analyzing the dendrogram at distance (43), this study can
observe two main distinct groups. The primary group comprises six genotypes with more substantial
similarities: G46A, GAB-A, PR5, PR6, IR69625A/PR5 and IR69625A/PR6. Within the group, genotypes
IR69625A/PR5 and IR69625A/PR6 show the closest relationship, joining at a low distance (4). Genotype
PR6 joins this pair at a distance (11). While genotypes G46A and GAB-A show the closest relationship,
joining at a low distance (5), genotype PR5 joins this pair at a distance (14). The secondary group
encompasses the remaining  13  genotypes  (Giza179,  GZ9399,  IR69625A/Giza179,  IR69625A/GZ9399, 
G46A/GZ9399, GAB-A/GZ9399, GAB-A/PR6, G46A/Giza179, GAB-A/Giza179, GAB-A/PR5, G46A/PR6,
G46A/PR5 and IR69625A). Analyzing the dendrogram, this second group can be divided into two distinct
subgroups: Subgroup 1: This subgroup includes seven genotypes Giza179, GZ9399, IR69625A/Giza179,
IR69625A/GZ9399, G46A/GZ9399, GAB-A/GZ9399 and GAB-A/PR6. Subgroup 2: This subgroup consists
of six genotypes G46A/Giza179, GAB-A/Giza179, GAB-A/PR5, G46A/PR6, G46A/PR5 and IR69625A.
Analyzing subgroup 1 divided into two sub-subgroups at a distance of about 15 to sub-subgroup 1, the
group contains two genotypes, Giza179 and GZ9399. The sub-subgroup 2 contains five genotypes
IR69625A/Giza179,  IR69625A/GZ9399,  G46A/GZ9399,  GAB-A/GZ9399  and  GAB-A/PR6.  The  sub-
subgroup 1 showed that genotypes (G46A/GZ9399 and GAB-A/GZ9399) were the closest pair, joining at
a distance of 6 and genotype GAB-A/PR6 joins the cluster at a distance of about eight units. In sub-
subgroup 2, genotypes (IR69625A/Giza179 and IR69625A/GZ9399) were the closest pair, joining at a
distance  of  9.  Analyzing subgroup  2  divided  into  two  groups   at   a   distance   of   about   22  to
sub-subgroup 2 contains four genotypes G46A/Giza179, GAB-A/Giza179, GAB-A/PR5 and G46A/PR6. Sub-
subgroup 2 showed that genotypes (GAB-A/Giza179 and GAB-A/PR5) were the closest pair, joining at a
distance of 7 and genotype G46A/Giza179 joins the cluster at a distance of about nine units. Genotype
IR69625A is somewhat more distinct within the group.
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CONCLUSION
Finally based on this investigation the following genotypes could be used in the breeding program and
expected improvement in such traits under normal and saline conditions, G46A, PR6, GZ9399, Giza179 and
GAB-A as good donors. The G46A/PR6, G46A/PR5, GAB-A/ PR6 and IR69625A/Giza179 could be used as
a good cross. The widespread exploitation of such promising hybrids will increase rice productivity under
salt-affected soil conditions in the future.

SIGNIFICANCE STATEMENT
Salinity stress is the main grand challenge restricting rice production in Egypt, thereby investing the
heterosis of hybrid rice to obtain high salt tolerance score and yield under such stress was amid. Using
precise and correct statistical analysis showed high effectiveness in detecting some high salt tolerance
hybrids, G46A/PR6, G46A/PR5, GAB-A/PR6 and IR69625A/Giza179 which was concomitant with high yield
under salt stress too. The parental lines of tolerant hybrids could be recommended as donors of salt
tolerance genes in rice breeding programs. Furthermore, the current statistical analysis could be
recommended for use in the case of similar studies and conditions.
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