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Abstract

Background: Genetic stability is considered one of the most important genetic tests used to ascertain the extent
of genetic stability reached in plants; consequently, the goal of this research is to detect the degree of genetic
stability of a group of a superior rice lines under different climatic environments.

Results: The seven entries of rice exhibited highly genetic stability depending on the results obtained from genetic
stability analysis where they were recorded as high vyielding; in addition, positive data for the remaining traits
studied under the 12 environmental conditions were tested. Line numbers 1, 3, 4, and 5 were in the first rank for
high genetic stability and high stable yielding under all experiments, while line numbers 2, 6, and 7 were recorded
in the second rank. The values of broad sense heritability were very high in some traits (plant height, heading date,
number of filled grains/panicle, grain yield/plant, and flag leaf area) which indicated that the genetic variance
played an important role for controlling and inheriting these traits. A total of 101 fragments were generated using
six primers of ISSR through comparison among the seven rice lines, where 34 of them were monomorphic and 67
bands were polymorphic with 66.33% polymorphism.

Conclusion: From the previous results, it could be concluded that the seven promising lines showed high genetic
stability and recorded highly stable yielding under various environments which confirmed their importance in rice
breeding programs for enhancing salinity tolerance, resistance to many diseases, and other stresses under Egyptian
conditions.

Keywords: Rice, stable yield, stability analysis, broad sense heritability, genotypic variation, phenotypic variation,
molecular markers, ISSR analysis

Background

The rice crop is considered one of the most import-
ant strategic food crops at local and global levels be-
cause it provides food to the vast majority of the
world’s population; it is also an important food for
animals and birds through the production of fodder
produced by rice straw pressing. Egypt grows about
770,000 acres of rice with an average productivity of
4.5 tons per acre; its production and cultivation areas
are concentrated in the coastal governorates. Egypt is
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one of the African countries suffering from water
poverty, especially after the construction of the Ethi-
opian renaissance dam. Therefore, the development of
new tolerant rice lines for water-deficient and salinity
conditions have become inevitable research trends.
This will only be achieved if these genotypes prove to
be highly correlated and have very high genetic stabil-
ity in different regions and environmental conditions
and this is what we will discuss in detail in the
present investigation.

The following is a review of the most important re-
search and studies that discussed the genetic stability
and environmental undergrowth for various environ-
mental conditions. Genetic value and stability were
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revealed in rice entries using selection indicators; the
final results confirmed that index selection is consid-
ered one of the most important parameters for the
development and increase of grain yield in rice plants
in 49 rice lines in Iran (Fotokian and Agahi 2014).
The impact of water stress on six promising lines of
rice and their F1 crosses were performed by Eldes-
souky et al. (2016) who tested these materials under
wet and drought conditions as well as comparing
them using seven various primers from ISSR and
showed that the seven primers used in this investiga-
tion generated 52 fragments, 37 of which were poly-
morphic with polymorphism (71.15%), while the rest
of bands were monomorphic. Heiba et al. (2016) ex-
hibited the effect of some levels of heavy metals on
yield and its trait components in rice genotypes
using RAPD-PCR markers to compare the rice en-
tries under study and the results exhibited that the
entry genotypes (Sakha 106, GZ842312-9-4-5-1,IR
75, Giza 179 X IR 60, and GZ842312-9-4-5-1X IR
75) were recorded as highly tolerant for increasing
the rates of heavy metals in soil as well the position
of multi-environment treatises and its effect used for
enhancing the resumption of rice yield toward diver-
sified ambiences. Meanwhile, the rendering of rice
genotypes in phlegmatic conditions was reported by
Nanculao et al. (2016), estimating six rice entries be-
side four empirical genotypes within three regions
over three vyears. They confirmed that the entry
Quila 241319 is considered the preferable empirical
genotype and was recorded as high yielding (11.3 t
ha-1) as well as detecting high production stability
using the environments; mercantile varieties were
identified as moderate grain yield entries. On the
same track, Onyia et al. (2017) lectured genetic vari-
ability and rapport of some agronomic characters of
rice and their assists for yield by using 12 rice entries
for expansion and yield manifestation in south-eastern
Nigeria and detected that the entries (WAB 33-25,
WAB 56-1-FX2, WAB 56-39, WAB 56-125, ITA 150,
and FAROX 16 (LC)) recorded the highest stable pro-
duction genotypes within two seasons of the trial.
While genetic stability and heritability in the broad
sense were found in seven soybean genotypes in three
regions, two sowing dates and two seasons were esti-
mated by El-Mouhamady et al. (2017) who confirmed
that the entries (Crawford, Giza 21, Giza 22, Giza 35,
Giza 83, and Giza 111) were recorded as highly genet-
ically stable according to the data of stability analysis
under all conditions. The genetic stability that was dis-
cussed included certain traits, especially grain yield/
plant in some promising rice entries under control
and water-deficit conditions pending venereal interval
and the final results confirmed that the entries
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(IR83142-B-7-B-B, Binuhangin, IR77298-14-1-2-13,
IR70215-70-CPA-3-4-1-3, and IR77298-14-1-2) re-
corded high genetic stability and were better stable for
the final production of yielding under the two condi-
tions over 11 years, respectively (Torres and Henry
2018). The main objective of this study is to ascer-
tain the degree of genetic stability and environmen-
tal acclimatization for the seven rice entries being
studied. In the past, these lines have shown a high
tolerance to salinity and a high level of heavy
metals in various regions beside different kinds of
diseases and the test of water stress resistance will
come in future years.

Materials and Methods

Plant material

Seven rice entries were planted in three regions
under two different dates of sowing during the 2016
and 2017 seasons in a randomized complete block
design with three replicates for each experiment.
The three locations were: The Farm of Taj El-Ezz,
Mansoura city, Dakahlia Governorate; The Farm of
Sakha City, Kafrel-Skeikh Governorate; and Al-Adliya
Village, Belbeis Center, Sharkia Governorate, Egypt.
All experiments were conducted through two plant-
ing dates during the 2016 and 2017 seasons: 1 May
and 10 May.

It should be noted that these entries were obtained by
hybridization between their different parents sub-
scribers to its production using half diallel analysis
without reciprocals to get the first generation hybrid in
the season (2009) and then continued to cultivate these
crosses and self- propagation beside the simple selec-
tion after each selecting generation from the second
generation (or the first selecting generation) until the
season (2015, i.e.,) access to the seventh generation (F7)
in which all the hybrids proved highly genetic stability,
great appearance and excellence for different traits;
such as high yielding trait, tolerance for high level of
salinity, highly limit of heavy metals and various dis-
eases for example leaf blast, nick blast and stem borer
to be called lines and then used in the current study.
The previous seven rice entries mentioned above have
proved remarkable superiority in the resistance for high
limit salinity of soil, high levels of heavy metals and also
resistant to a large number of diseases of rice, but not
yet tested for water stress resistance and this point will
be verified in the coming years and in many pilot sites,
So that it can be said it is resistant to water deficit
under Egyptian conditions.

Studied traits
The most important traits calculated under all condi-
tions within the two seasons were plant height, heading



Al-kordy et al. Bulletin of the National Research Centre (2019) 43:85

date, 1000-grain weight, number of panicles/plant, num-
ber of filled grains/panicle, grain yield/plant, and flag leaf
area, respectively. The aim of this investigation was to
know the degree of the variety’s constancy under all cir-
cumstances; this gives a good impression for the degree
of genetic stability, localization, and adaptation under
Egyptian conditions.

Stability analysis design

Stability analysis was carried out according to Eber-
hart and Russell (1966); in this analysis, two parame-
ters were obtained, b and S*d (regression coefficient
and mean squares of deviation from regression, re-
spectively) of the performance on environmental in-
dices. Yield-stability statistic was calculated using the
program STABLE (a basic program for calculating
stability and yield-stability statistic) after Kang and
Magari (1995). Both types of heritability were esti-
mated for the former traits, as illustrated by Collins
et al. (1987); the coefficient of variability values was
estimated depending on phenotypic (P.C.V.) and
genotypic (G.C.V.) variances according to Kehr and
Gardner (1960) and Yassin (1973) (Table 1).

Molecular markers
ISSR profiles

Total DNA extraction The extraction method was ap-
plied according to Zietkiewicz and Rafalski (1994) and
the ISSR primers were procured from UBC (University
of British Columbia, biotechnology laboratory, Vancou-
ver, Canada) based on core repeats anchored at the
5 or 3 end as shown in Table 9. DNA of seven rice
varieties was amplified using Taq-DNA polymerase
chain reaction (PCR) according to the manufacturer’s
instructions (Promega # TMO048) for ISSR primers The
PCR consisted of a 3-min incubation period at 94°C
followed by 35 cycles of 94°C/30 s (38, 40, 41, and 45°
C)/1 min and 72°C/2 min, with a final extension step
of 72°C/7 min. The PCR product was separated by
1.2% agarose gel electrophoresis using a TAE buffer.

Table 1 Names of the seven rice entries
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Data handling and cluster analysis (phylogenetic
tree) Data were scored for computer analysis based on
the presence or absence of the amplified products for
each of the six ISSR primers. Pairwise components of
the seven rice lines based on the presence or absence of
unique and shared polymorphic products were used to
determine similarity coefficients. The similarity coeftfi-
cients were then used to construct dendrograms, using
the unweighted pair group method with arithmetic av-
erages (UPGMA) employing the SAHN (Sequential,
Agglomerative, Hierarchical and Nested -clustering)
from the NTSYS-PC (Numerical Taxonomy and Multi-
variate Analysis System), version 1.80 (Applied Biostat-
istics Program) according to Jaccard (1908).

Results

Variation and interaction

Highly significant variances were obtained between
all lines studied confirming the effective role of a
genetic variation for elucidating and concreting form
among all these entries (Table 2). The data obtained
from mean squares variations of the environments
were highly significant, indicating that environmental
factors contributed to and increased the fruitful role
responsible for the recognized genotypic perform-
ance beside the results observed in the same table
exhibited that highly significant variances were gen-
erated from the interactions among entries and envi-
ronments for all traits calculated in the seven rice
lines. The data clearing in Table 3 related with
F-Ratio were found to be significant and highly sig-
nificant variances for all characters calculated of the
most parameters estimated especially; (S.0.V) com-
ponents within the ANOVA test for stability analysis
design (Table 3).

Mean performance

The entries with the highest mean performances for
all studied traits under the 12 environments were
L1, L3, L4, and L5 (Tables 4, 5, 6, 7, 8, 9 and 10).
The respective values were: plant height = 89.36,
101.10, 99.70, and 90.32 cm (Table 4); heading date

No. Names of lines Reaction for salinity, high level of heavy metals and diseases Origin Types of elicitation Duration
1 LI: Agami X Sakha 101 Resistance Egypt By hybridization 122
2 L2: Agami X Giza 177 Resistance Egypt By hybridization 136
3 L3: GZ1368-S-5-4 X Giza 177 Resistance Egypt By hybridization 121
4 L4: Gaori X Sakha 101 Resistance Egypt By hybridization 135
5 L5: Gaori X Sakha 104 Resistance Egypt By hybridization 120
6 L6: Gaori X GZ1368-5-5-4 Resistance Egypt By hybridization 138
7 L7: Sakha 104 X Giza 182 Resistance Egypt By hybridization 140
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Table 2 Mean squares of all traits evaluated in rice entries during stability analysis

SOV DF MS
Plant Heading ~ 1000-grain Number of Number of filled Grain yield/  Flag leaf
height date weight panicles/plant grains/panicle plant area
Environments 11 1267 32.89° 17.54° 3.60° 20.15° 4.60° 9.37°
Blocks in (E) 0.84 1.37 236 245 1.71 2.39 1.78
Genotypes 6 5.43° 11.04° 3.28% 20.43 10.15° 1.72° 3.38°
Genotypes X environments 66 4.77° 9.80° 10.372 16.40° 3.70° 6.90° 30.78°
Error 144 0.88 0.74 0.53 1.79 2.05 1.26 1.12
Environments + (genotypes X 77 1.29° 32.68% 7.18° 6.43% 0.78% 18.86° 0.70°
environments)
Environmental (linear) 1 0.73° 15.70° 15.58° 10.92° 1.307 1.42° 28.39°
(Genotypes x environments) 6  2.40° 1.63? 9.21° 1.50? 12.08° 41.70° 19.78°
Linear
Pooled deviation 7 11.46° 17.03° 14.31° 4.27° 4.29° 0.53% 14.06°
Pooled error 168 0.65 0.28 1.69 2.68 0.83 143 0.73

2P <001

= 91.67, 91.21, 104.39, and 88.76 days (Table 5);
1000-grain weight = 32.20, 36.14, 35.23, and 35.45
gm (Table 6); number of panicles/plant = 33.04,
37.01, 36.14, and 32.89 (Table 7); number of filled
grains/panicle = 191.77, 207.55, 203.66, and 204.42
(Table 8); grain yield/plant = 79.04, 80.55, 74.33, and
72.51 gm (Table 9); and flat leaf area = 45.66, 57.41,
58.83, and 58.0 cm (Table 10). In the same regard,
the results observed in Table 11 revealed that the
entry numbers 1, 3, 4, and 5 exhibited the highest
mean values for the seven studied traits under all
environments tested which indicated that these lines
were very genetically stable and were found to be
highly conforming and timely under different condi-
tions. On the same track, the rest line numbers 2, 6,
and 7 also achieved good results for all studied traits
and came in the second trend, respectively. Data
cleared in Table 12, for example, showed the most
desirable and important environments for the

Table 3 F-ratio values for the components of stability analysis

studied traits of all lines under study. These environ-
ments were: R1 FPD Y1, R1 SPD Y1, R1 FPD Y2,
and R2 SPD Y2 for plant height trait; R1 SPD Y2,
R2 FPD Y1, R3 FPD Y1, and R3 SPD Y2 for heading
date trait; and R1 FPD Y2, R2 SPD Y2, R3 FPD Y],
and R3 SPD Y2 for grain yield/plant (gm), and so
on. These environments exhibited high genetic sta-
bility, detected the better results, and were highly
stable for all traits calculated in all studied materials.

Stability parameters

The data calculated and presented in Table 13 re-
vealed that the best rates of the parameter of bi (re-
gression coefficient) were obtained in the rice lines
L1, L3, L4, and L5 for the seven traits being studied.
These entries straightened to the one or neighing
from it, which revealed the riskiness, highly genetic
stability, and the range of their modification for vari-
ous mediums and states, while the data were higher

SOV Plant Heading ~ 1000-grain Number of Number of filled grains/ Grain yield/  Flag leaf
height date weight panicles/plant panicle plant area
Environments 14.39 44.44 33.09 201 9.82 365 8.36
Blocks in (E) 095 1.85 445 1.36 083 1.89 1.58
Genotypes 6.17 14.91 6.18 1141 4.95 1.36 3.01
Genotypes X environments 542 13.24 19.56 9.16 1.80 547 2748
Environments + (genotypes x 1.98 116.71 424 2.39 0.93 1318 0.95
environments)
Environmental (linear) 1.12 56.07 9.21 4.07 1.56 0.99 38.89
(Genotypes x environments) 3.69 582 544 0.55 14.55 29.16 27.09
Linear
Pooled deviation 17.63 60.82 846 1.59 5.16 0.73 19.26

Probability > F = < 0.0001
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Table 4 The mean values for the seven rice entries under the 12 environments for plant height

Environments LI L2 L3 L4 L5 L6 L7 Mean
R1TFPD Y1 89.50 105.0 98.0 100.0 88.60 107.40 99.18 98.24
R1 SPD Y1 92.70 102.60 96.50 92.80 87.0 97.80 102.16 95.93
R1 FPD Y2 90.12 103.0 100.0 96.0 92.77 95.89 100.70 96.92
R1 SPD Y2 88.56 10833 102.70 10543 90.50 104.60 97.0 99.58
R2 FPD Y1 85.34 110.65 104.20 102.0 89.20 99.69 104.67 99.39
R2 SPD Y1 87.0 104.70 99.57 103.39 85.0 103.40 105.70 98.39
R2 FPD Y2 90.84 102.80 105.87 100.89 95.03 100.27 102.60 99.75
R2 SPD Y2 86.0 107.48 10042 97.55 90.18 106.33 98.50 98.06
R3 FPD Y1 90.55 112.0 98.67 102.0 93.0 101.85 107.54 100.80
R3 SPD Y1 93.0 109.60 106.60 95.78 92.36 103.86 95.38 99.51
R3 FPD Y2 87.30 106.0 103.28 106.89 86.0 102.69 100.58 98.96
R3 SPD Y2 91.50 105.63 9748 93.68 94.30 105.70 103.0 98.75
Mean 89.36 106.48 101.10 99.70 90.32 10245 101.41 98.69

than or lower than the unity were obtained in the
two tracks for the same traits in the entry numbers
2, 6, and 7, respectively. With respect to the Sdi
parameter, the data shown in Table 13 confirmed
that the entry numbers 1, 3, 4, and 5 recorded the
value 0.0 or adjacent to it. For the data calculated
for the parameter R” in the same table, it could be
concluded that the entries L1, L3, L4, and L5 for the
seven studied traits recorded the best results of
steadiness and the data ambit in the range of 97.32—
99.11% for plant height trait, 97.38-99.07% for head-
ing date trait, 95.60-99.80% for 1000-grain weight
trait, 94.58-99.95% for number of panicles/plant
trait, 91.15-99.85% for number of filled grains/pan-
icle trait, 98.04-99.58% for grain yield/plant trait,
and 89.99-99.64% for flag leaf area trait, respectively.

The results shown in Table 14 illustrated that the six
environments (R1 SPD Y1, R1 SPD Y2, R2 SPD Y1,
R2 FPD Y2, R3 SPD Y1, and R3 SPD Y2) were re-
cording the best conditions for manufacturing highly
genetic stability for the previous testing materials
through estimating all studied traits; the three stabil-
ity parameters confirmed these results where bi
equalized or was close to 1, S*di equalized or was
close to 0, whereas the high percentages of R* were
observed in the previous excellent environments
where the values were close to 100%.

Genetic components

The results in Table 15 revealed that the values of
genotypic and phenotypic variation were higher than
the values of pooled error or error variation for the

Table 5 The mean values for the seven rice entries under the 12 environments for heading date

Environments LI L2 L3 L4 L5 L6 L7 Mean
R1 FPD Y1 910 105.56 89.0 1120 88.90 11233 112.30 101.58
R1 SPD Y1 88.0 107.88 91.76 106.0 87.76 11064 11023 10032
R1 FPD Y2 9233 110.0 910 11133 90.0 10833 109.80 101.82
R1 SPD Y2 90.50 102.78 9033 10834 8643 108.89 110.23 99.64
R2 FPD Y1 89.70 106.0 88.70 10347 91.05 109.0 109.37 99.61
R2 SPD Y1 93.0 104.22 920 101.44 87.0 110.18 113.0 100.12
R2 FPD Y2 92.50 107.88 930 100.78 8940 104.77 11046 99.82
R2 SPD Y2 90.88 109.66 91.50 99.58 90.06 107.50 1140 10045
R3 FPD Y1 95.0 100.0 89.23 102.0 87.79 109.32 109.55 98.98
R3 SPD Y1 9345 105.87 94.0 103.0 91.70 105.80 108.72 100.36
R3 FPD Y2 920 110.78 92.60 104.26 8830 107.37 107.27 100.36
R3 SPD Y2 9173 102.64 9145 10053 86.78 103.87 105.28 9746
Mean 91.67 106.10 91.21 104.39 88.76 108.16 110.01 100.04
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Table 6 The mean values for the seven rice entries under the 12 environments for 1000-grain weight

Environments LI L2 L3 L4 L5 L6 L7 Mean
R1TFPD Y1 31.50 25.88 35.60 3712 39.0 24.36 2834 31.68
R1 SPD Y1 2948 2840 37.33 29.33 33.21 25.60 25.20 29.79
R1T FPD Y2 30.18 2749 3645 3457 3260 30.19 3044 31.70
R1 SPD Y2 350 26.0 33.68 3544 29.80 22.50 24.59 29.57
R2 FPD Y1 33.78 2533 380 3855 3533 2340 27.55 31.70
R2 SPD Y1 3264 28.90 3563 37.26 36.37 26.67 28.77 3232
R2 FPD Y2 29.60 27.0 34.20 36.44 3826 32.58 2743 32.21
R2 SPD Y2 33.80 24.77 37.88 3526 34.79 27.65 2757 31.67
R3 FPD Y1 34.78 26.50 36.22 3468 36.55 21.19 24.78 3067
R3 SPD Y1 31.0 2340 35.34 380 37.36 2533 2858 31.28
R3 FPD Y2 30.66 2545 37.82 3277 33.84 24.39 23.87 29.82
R3 SPD Y2 34.06 27.32 3560 3340 38.30 22.50 2649 31.09
Mean 32.20 2637 36.14 35.23 35.45 2553 26.96 3112

seven studied traits which confirmed that the num-
ber of replicates utilized in these experiments of
these lines for the previous characters were appro-
priate to confer the best determination for the error
variance. The values of heritability appeared to be
low for the traits 1000-grain weight and number of
panicles/plant: the results were 76.94% and 72.73%;
and were seen to be very high for the traits plant
height, heading date, number of filled grains/panicle,
grain yield/plant, and flag leaf area: the results were
88.96%, 94.09%, 80.96%, 82.43%, and 80.53%, respect-
ively. Results observed in Table 15 showed that the
values of G.C.V. and P.C.V. appeared to be de-
pressed or low for the traits plant height, heading
date, number of filled grains/panicle, grain yield/
plant, and flag leaf area, while the other traits

(1000-grain weight and number of panicles/plant) re-
corded values shown to be moderate and close to
50%. After all that has been presented in the previ-
ous parts, it must be pointed out that the seven
promising rice lines which showed unparalleled su-
periority in the extent of genetic stability, high yield,
and tolerance to many environmental stresses and
diseases still did not give a definitive view of resist-
ance to water stress and this will be determined in
the future studies.

Molecular description using ISSR primers

ISSR analysis profile

The six ISSR primers—17898-B, 17899-B, HB-12,
17898-A, 17899-A, and 844-B—produced a total of
101 markers, 34 of them were monomorphic, while 67

Table 7 The mean values for the seven rice entries under the 12 environments for number of panicles/plant

Environments LI L2 L3 L4 L5 L6 L7 Mean
R1 FPD Y1 34.56 2867 370 34.65 31.07 24.99 29.55 3149
R1 SPD Y1 29.80 290 3855 35.88 29.55 2732 300 3144
R1 FPD Y2 300 30.36 3540 3264 3320 2538 26.18 3045
R1 SPD Y2 27.66 2868 390 3770 31.60 2846 25.04 31.16
R2 FPD Y1 31.66 2798 35.69 3577 3258 2377 2713 30.65
R2 SPD Y1 3334 3033 3384 3843 30.77 2263 2515 3064
R2 FPD Y2 35.04 3148 3853 3937 3274 28.55 26.0 33.10
R2 SPD Y2 29.78 3027 3778 3632 3127 2932 2411 31.26
R3 FPD Y1 3476 26.55 36.90 3490 2633 2733 28.02 3068
R3 SPD Y1 36.80 29.57 3897 35.88 3942 2820 27.77 33.80
R3 FPD Y2 3550 3129 3479 3477 3894 2625 2627 3254
R3 SPD Y2 3760 2869 3770 3741 3730 2133 2378 31.97
Mean 33.04 2940 37.01 36.14 32.89 26.12 26.58 31.59
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Table 8 The mean values for the seven rice entries under all conditions for number of filled grains/panicle

Environments L L2 L3 L4 L5 L6 L7 Mean

R1 FPD Y1 2020 177.33 21263 200.15 21528 15530 15530 188.28
R1 SPD Y1 197.88 171.80 198.77 207.14 21099 164.0 13859 184.16
R1 FPD Y2 198.54 168.0 200.0 2100 208.14 14233 160.0 183.85
R1 SPD Y2 187.0 161.80 205.23 204.55 205.60 13823 149.57 178.85
R2 FPD Y1 19133 15538 215.72 209.28 197.17 152.0 143.55 18063
R2 SPD Y1 192.84 165.60 19949 199.12 21855 148.70 171.04 185.04
R2 FPD Y2 200.0 17044 203.83 205.37 2200 13255 18122 187.63
R2 SPD Y2 186.23 17318 200.66 201.28 18244 16243 13337 177.08
R3 FPD Y1 190.0 169.50 207.54 206.77 17018 15027 151.77 178.0

R3 SPD Y1 185.68 179.54 219.73 21433 205.38 14727 14257 184.92
R3 FPD Y2 190.28 15836 215.66 195.17 2110 138.69 148.0 179.59
R3 SPD Y2 179.54 178.0 21135 190.83 20837 147.80 146.97 18040
Mean 191.77 169.07 207.55 203.66 204.42 14829 151.82 182.36

bands were polymorphic with 66.33% (polymorphism)
as shown in Fig. 1 (Table 16). The average number of
polymorphic ISSR markers was 11.16 fragments for
each primer. The number of fragments was in the
range of 13—-23 and molecular size was in the range of
238-2225 bp.

The highest number of polymorphic bands (19
bands) were observed in 17898-A primer, followed by
844-B primer (17 bands), 17898-B primer (11 bands),
and the two primers 17899-B and HB-12 (eight frag-
ments each), while the lowest number of polymorphic
bands (4 bands) was shown in the 17899-A primer.

The highest unique bands or positive specific marker
(10) and highest polymorphism percentage (82.61%) ap-
peared in primer 17898-A where it recorded the highest
polymorphic bands (19), while that, 17899-A and

17898-B primers were exhibited the lowest number of
unique bands or positive marker (1) and lowest poly-
morphism percentage (30.76%) only for 17899-A pri-
mer. The final results showed 24 positive and 5
negative specific markers which were considered as
molecular guides to compare among the recently iden-
tified genotypes (Table 17 (Fig 2). In this regard, it will
be presented for example not limited some results such
as primer 17898-B revealed one positive marker only
with size 972 bp for L6. While the primer 17899-B
showed four positive markers with sizes 1537, 547, 361,
and 317 bp where the molecular sizes 1537, 361, and
317 bp were specific for L1 and the molecular size at
547 bp was observed for L7, the same primer exhibited
two negative markers with sizes 353 and 238 bp for L1
and L6. In addition, primer HB-12 exhibited three

Table 9 The mean values for the seven rice entries under the 12 environments for grain yield/plant

Environments LI L2 L3 L4 L5 L6 L7 Mean
R1 FPD Y1 76.33 59.38 86.13 72.03 55.87 35.94 33.28 59.85
(R1 SPD Y1 84.0 45.07 79.80 58.89 8230 4803 3940 6249
R1 FPD Y2 85.73 39.77 87.33 83.06 72.39 55.16 37.56 65.85
R1 SPD Y2 69.69 48.64 80.74 7549 67.08 3940 42.19 60.46
R2 FPD Y1 880 5150 7837 6837 6547 3833 5055 62.94
R2 SPD Y1 72.88 5738 8342 70.27 80.22 41.66 4837 64.88
R2 FPD Y2 8144 53.05 75.77 63.97 59.82 3233 60.53 60.98
R2 SPD Y2 89.59 62.08 89.35 88.50 69.85 4968 2948 68.36
R3 FPD Y1 7862 65.34 8148 84.38 75.73 51.29 3833 67.88
R3 SPD Y1 80.71 50.12 76.83 6533 89.16 47.28 4217 64.51
R3 FPD Y2 66.14 5533 62.80 82.17 8033 34.21 4439 60.76
R3 SPD Y2 75.36 64.11 84.60 79.55 7193 580 37.12 67.23
Mean 79.04 54.31 80.55 74.33 72.51 44.27 41.94 63.85
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Table 10 The mean values for the seven rice entries under the
12 environments for flag leaf area

Environments LI L2 L3 L4 L5 L6 L7 Mean
R1 FPD Y1 5128 2231 6932 7228 4291 3905 4236 4850
R1 SPD Y1 4415 2805 7140 5731 7750 3150 2745 48.19
R1 FPD Y2 4067 3032 6084 4506 2833 3377 57.18 4231
R1 SPD Y2 3948 2825 5860 7324 5380 29.88 4031 46.22
R2 FPD Y1 5084 19.77 49.12 5516 7820 3542 50.18 4838
R2 SPD Y1 3882 2137 4556 56.18 56.80 4205 36.77 4250
R2 FPD Y2 5538 2427 5039 3858 4629 2777 5960 43.18
R2 SPD Y2 4963 4855 6338 7394 5978 3816 4216 53.65
R3 FPD Y1 3799 6388 5217 7503 63.17 4015 3827 5295
R3 SPD Y1 4329 5829 5744 580 81.05 3287 4028 53.03
R3 FPD Y2 6207 6037 3958 5307 4783 2840 2988 45.88
R3 SPD Y2 3439 5228 71.19 4818 6044 49.53 3390 49.98
Mean 45,66 38.14 57.41 58.83 58.0 3571 4152 4789

positive markers at molecular sizes 642, 461, and 427
bp for L6, L2, and L1 beside one negative marker with
size 826 bp for L5, respectively, and so on.

Proximity matrix analysis (genetic similarity)

The data presented in Table 18 showed 21 pairwise
comparisons to discuss the genetic relationships
among the seven promising rice entries revealed in
terms of similarity and these results also showed
within the data obtained in Fig. 3. ISSR markers
used to figure out the relationships among the seven
rice genotypes through using UPGMA of the den-
drogram or phylogenetic tree in addition, the prox-
imity matrix to identify all possible genetic
similarities.. The genetic similarity was in the range
of 0.50-0.739 with an average of 0.619, where the
minimum value of similarity was 0.50 among the
lines L2 and L6, while the maximum value of simi-
larity was 0.739 within L6 and L7. In the same re-
gard, the second category of high genetic similarity
data, for example, were observed between some rice
lines relationships such as L1 and L2, L2 and L3,
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and L5 and L6, where the values were 0.707, 0.727,
and 0.724, respectively.

Cluster analysis (phylogenetic tree)

The results of the dendrogram obtained from
UPGMA cluster analysis showed that the seven rice
lines could be divided into two main clusters (Fig.
3). The first cluster included L1 only and one
sub-cluster included L2 and L3. The second cluster
divided into two sub-clusters: the first one contained
line numbers L4 and L5; and the second sub-cluster
included L6 and L7.

Discussion

This investigation discussed the genetic stability of
seven promising rice entries under 12 Egyptian envi-
ronments and already succeeded in determining two
trends of genetic stability for previous rice geno-
types. These results confirming the germplasm of
materials studied were very severally about their per-
formance from season to season, region to region
and from sowing date to else one. From the data ob-
tained by mean squares related to the environment
factors (Linear) and environment X genotypes (Lin-
ear), it could be concluded that the results of the
stability analysis revealed highly significant variances
for all traits calculated punctually in this track which
indicated that the variations within all environments
factors (locations, years, and treatments) detected
high considerable leverage on all entries and studied
traits and the evidence of these investigations
showed the mean squares of the two linear forms
for all traits were not only highly significant differ-
ences but also higher than non-linear components.
This boosted the prospect of high yield for rice lines
and risingly settled under different environmental
statuses. The variations generated from mean
squares related with environments and genotype X
environments were shown as highly significant for
all estimated traits which confirmed the considerable
interaction of all genotypes under different environmental
conditions of seasons, regions, and treatments in different

Table 11 The mean values obtained from the seven rice lines under all environments for all studied traits

Entries Plant height ~ Heading date  1000-grain weight ~ Number of panicles/ Number of filled grains/  Grain yield/plant  Flag leaf area
(cm) (day) (gm) plant panicle (gm) (cm?)

L1 89.36 91.67 32.20 33.04 191.77 79.04 45.66

L2 106.48 106.10 26.37 2940 169.07 54.31 38.14

L3 101.10 91.21 36.14 37.01 207.55 80.55 57.41

L4 99.70 104.39 35.23 36.14 203.66 7433 58.83

L5 90.32 88.76 35.45 32.89 204.42 72.51 58.0

L6 10245 108.16 25.53 26.12 148.29 44.27 35.71

L7 101.41 110.01 26.96 26.58 151.82 41.94 4152
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Table 12 The mean performances for all studied traits of the seven rice entries under all environments

Environments Plant height  Heading date

1000-grain weight Number of

Number of filled grains/ Grain yield/plant  Flag leaf area

(cm?)

(cm) (day) (gm) panicles/plant panicle (gm)
R1T FPD Y1 98.24 101.58 31.68 3149 188.28 59.85 48.50
R1 SPD Y1 95.93 100.32 29.79 3144 184.16 62.49 48.19
R1 FPD Y2 96.92 101.82 31.70 3045 183.85 65.85 4231
R1SPD Y2 99.58 99.64 29.57 31.16 178.85 60.46 46.22
R2 FPD Y1 99.39 99.61 31.70 30.65 180.63 6294 4838
R2 SPD Y1 9839 100.12 3232 30.64 185.04 64.88 4250
R2 FPD Y2 99.75 99.82 3221 33.10 187.63 60.98 43.18
R2 SPD Y2 98.06 10045 3167 31.26 177.08 68.36 5365
R3 FPD Y1 100.80 98.98 30.67 30.68 178.0 67.88 52.95
R3 SPD Y1 99.51 100.36 31.28 33.80 184.92 64.51 53.03
R3 FPD Y2 98.96 100.36 29.82 32.54 179.59 60.76 45.88
R3 SPD Y2 98.75 97.46 31.09 31.97 180.40 67.23 49.98
Mean 98.69 100.04 3112 31.59 182.36 63.85 47.89

years. Results obtained from variances due to lines were
viewed as highly significant for all the estimated traits ver-
sus collected perversion which confirmed the turnout of
appropriate genetic divergence among the entries. In
addition, the overall difference for all entries and environ-
ments used in the 12 experiments or environments also
confirmed high genetic stability for these lines from one
experiment to another. These results agree with the au-
thors Gill and Kumar (1989), Popovic et al. (2013), Selvi et
al. (2015), Hamawaki et al. (2015), Akter et al. (2015), Silva
et al. (2016), and El-Mouhamady et al. (2017). After listing
the most important results obtained in Tables 4, 5, 6, 7, 8,
9, 10, 11 and 12 from the analysis of genetic stability, it
can be said that the seven lines of rice under study have
proved their high genetic stability with unrivaled form
under all environments. This was verified after testing
the yield and its components which included the
seven lines containing two trends of genetic stability
where the first level contained the entry numbers 1,
3, 4, and 5 and the second level included the line
numbers 2, 6, and 7. Similar results agreed with
those obtained by the authors Hossian et al. (2003),
Kumar et al. (2009), Karnataka (2011), Mosavi et al.
(2012), Lakew et al. (2014), Seyou et al. (2016),
Ajmera et al. (2017), and Sadimantara et al. (2018).
All these scientists agreed on the importance of gen-
etic stability with high value and the efficiency asso-
ciated with high yield and widespread environmental
acclimatization.

The results of stability parameter bi may be indicated
by the damaging of the genetic stability and the ambit of
acclimating for these lines under various types of
conditions beside, this diverse may be alteration
from line to line according to the kind of this

environment conditions, while the S*di parameter re-
sults revealed the optimum values for the highest
entries for genetic stability and showed the better
mean values for all studied traits under the 12 ex-
periments, so the lines 1, 3, 4, and 5 came in the
first rank for highly genetic stability under any con-
ditions for the 12 environments, while the line num-
bers 2, 6, and 7 exhibited the second track in this
regard (Table 13) (ElI-Mouhamady et al. 2017). Re-
sults of R*> showed that the lines number (1, 3, 4,
and 5) were recorded highly genetically stable under
all conditions particularly with better agricultural ad-
ministration. This steadiness reverberates the gauge
of genetic and environmental readjust mention
entertained these rice genotypes. The rest of rice
lines were coming in the second rank of genetic sta-
bility depending on the results of stability analysis %.
It should be noted that some of the important points
in this study are that these seven lines, especially the
four top ones in terms of degree and high level of
genetic stability, respectively (lines 1, 3, 4, and 5), are
highly yielding, advanced and had positive results in
all studied environments. This is evident in the six
above-mentioned superior environments where the
yield and its components were high for all studied
entries especially in the environmental conditions
mentioned above (Table 14). In another context, these
entries have significantly exceeded adverse environ-
mental conditions such as high salinity tolerance, high
levels of heavy metals, steady temperature increase,
and ideal resistance levels in many diseases which in-
fects the yield of rice, such as bread and roasted
seeds. It also gives a high response to the utilization
of the nitrogen element during agriculture. These
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Table 15 Genotypic (52g), phenotypic (52ph), error variances (52e), heritability (H?) in the broad sense: genotypic (G.CV.) and

phenotypic (P.CV.) coefficients of variation evaluated for seven traits of rice lines

Traits Mean  Genotypic variation Phenotypic variation Error variation Heritability (H*b  G.CV. P.CV.
(&%9) (&%ph) (&%) %) %) %)
(pooled error)

Plant height (cm) 9869 524 5.89 0.65 88.96 23.04 2442
Heading date (day) 100.04 4.46 4.74 0.28 94.09 21.11 21.76
1000-grain weight (gm) 3112 564 733 1.69 76.94 4257 4853
Number of panicles/plant 3159 715 9.83 2.68 7273 4757 55.78
Number of filled grains/ 18236 3.53 436 0.83 80.96 1391 15.46
panicle

Grain yield/plant (gm) 6385 6.71 8.14 143 82.43 3241 35.70
Flag leaf area (cm?) 4789 302 375 0.73 80.53 25.11 2798
p

[C] HB-12

Al 17898-B B 17899-B
M LI L2 L3 L4 L5 L6 L7 M L1 12 13 I4 L5 L6 L7 M LI

400 . ——

IF] 844-B
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Ll L2 L3 L4 L5 L6 L7

FEY 17899-A
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17899-B, d primer 17898-A, e primer 17899-A, and f primer 844-B

12 13 L[4 L5 16 L7

TWWEW T

-

Fig. 1 The inter-simple sequence repeats (ISSR) amplification pattern obtained for seven rice lines: a primer 17898-B, b primer 17899-B, ¢ primer

Table 16 Band variation and polymorphism percentage in seven rice lines

Primers Total Molecular Number of Number of unique bands Number of Polymorphism  Sequence  Annealing
bands  size (bp) monomorphic (positive marker) polymorphic (%) (@]

17898- 15 473-1832 4 1 11 7333 5'- (CA)6 40

B GT-3'

17899- 13 238-2225 5 4 8 61.538 5'- (CA)6 41

B GG-3'

HB-12 15 390-1140 7 3 8 53333 5-(CAQ)3 40
GC-3'

17898- 23 496-2034 4 10 19 82.609 5'- (CA6 38

A AC -3’

17899- 13 293-1860 9 1 4 30.769 5- (CA)6 38

A AG -3’

844-B 22 335-1992 5 5 17 77273 5-(CT)8 45
GC -3’

Total 101 238-2225 34 24 67 66.33
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Table 17 Positive (P) and negative (N) specific markers of the
seven rice entries using six ISSR primers
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Table 18 Genetic similarity matrix between seven rice entries
with ISSR markers based on Jaccard coefficients

ISSR primers  MS (bp) L1 L2 L3 4 L5 L L7 MT((PorN) L1 L2 L3 L4 L5 L6 L7
17898-8 972 - - - - - 4 - PO R
17899-B 1537 + - - - - - - P (L) 12 070769 1
547 S L ) L3 059155 072727 1
361 S O ) L4 058571 062319 067647 1
353 A S A ) L5 052703 052 065714 070149 1
317 * PN L6 050649 05 060811 060274 072464 1
238 L A ) L7 056164 051316 058108 064286 064789 073913 1
HB-12 826 + + + + - + + N (L5)
642 e S X ()
461 ) entries can be considered promising lines to be
47 - .. adopted as commercial varieties may be distributed
178984 1657 O at the le.:vel of. Fhe repub‘lic depending on all resulFs
. e b of genetic stability analysis, as well as clearly used in
breeding programs by transferring resistance genes to
1215 S A sensitive local varieties for high salinity and other
1153 S S stresses.. Similar results were in agreement with
1133 - - -+ - - - P those obtained by other authors Hossian et al.
1056 4+ o+ 4+ 4+ o+ - NW (2003), Kumar et al. (2009), Karnataka (2011), Mosavi
1024 T N et al. (2012), Lakew et al. (2014), Seyou et al. (2016),
788 For o+ o+ -+ 1 NDL Ajmera et al. (2017), El-Mouhamady et al. (2017),
278 e and Sadimantara et al. (2018). The results related to
genetic components confirmed that the effect of
665 - - + P(L3) . . .
genotypic variance was higher than the effect of en-
642 S s v P vironmental variance. In addition, the biggest section
496 S o L) of variance was genotypic variance and the control-
17899-A 795 - - - - -+ - P9 ling and inheriting for all traits being studied would
844-8 803 S N () depend greatly on genetic variance. The previous
786 ) data in Table 15 indicated unequivocally that the en-
750 X vironmental impact was lacking in the inheritance of
o5 L L 4w the studied traits mentioned above and confirm sci-
» e b entifically and practically the extent of genetic stabil-
ity enjoyed by the seven rice entries under
Range ST s investigation, which was achieved significantly after
Total - 5 2 2 4 3 3 5 24P+5N

these lines gave positive and concrete results during
the evaluation of yield and its components traits in

844-B
77.27%

17899-A
30.77%

m Polymorphism %

M uniq.

M mon.

detection of seven rice lines

17898-A
82.61%
m poly. 5

Fig. 2 The relationship between total bands and monomorphic, unique, polymorphic, and polymorphism percentage of six ISSR primers used for

Polymorphism %

HB-12
53.33%

17899-B
61.54%

17898-B
73.33%

spueq [810],
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Fig. 3 Dendrogram representing the genetic relationship among
the seven rice lines using UPGMA cluster analysis of Nei-Li's similarity
coefficient generated from ISSR markers

the 12 environmental experiments. Any future
change will be reviewed for environmental impact
and will also be non-existent. Similar results were in
agreement with those reported by Ajmera et al.
(2017), El-Mouhamady et al. (2017), Sadimantara et
al. (2018), and Neng et al. (2018). Molecular genetics
has succeeded in comparing and clarifying these
promising rice entries and has made clear the most
important molecular differences between the different
entries. The six ISSR primers were successfully used to
determine the molecular differences among the seven
rice genotypes by generating 67 polymorphic bands, of
which 24 were positive and 5 were negative specific
markers. (Tables 16 and 17). The results in Table 18
showed that the rice numbers 2, 5, 6, and 7 were treat-
ing as the major guides of genetic purity and stability
because they showed unparalleled genetic similarity
between them on examination. These accessions are
considered very important in plant-breeding programs
to transfer genes responsible for the tolerance of high
salinity and resistance to diseases as well as high yield
to sensitive cultivars for these environmental stresses
through hybridization, as well as it can agriculture and
give a high yield in various regions of the republic.
Cluster analysis also helped to draw a clear picture of
the extent of genetic stability; relationships enjoyed
these previous entries which demonstrated the great
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genetic stability of these lines. These results agreed
with those reported by groups of scientists such as
Al-Turki and Basahi (2015), Esmail et al. (2016),
El-Mouhamady et al. (2016), Ramadan et al. (2016),
Khatab et al. (2017), Dharmaraj et al. (2018), and Igbal
et al. (2018).

One of the most important recommendations of this
study is the cultivation of the seven superior rice lines
which have a lot of varieties suitable for the different
conditions or environments in Egypt. The seven rice
lines are proven to be remarkably superior in terms of
genetic stability because of their high yield, tolerance to
high salinity levels in soils, and resistance to various
diseases.

Conclusion

The present investigation was conducted to discuss the
genetic stability on seven promising lines of rice under
12 different environments through estimating agro-mor-
phological traits; all parameters were ob-tained from the
stability analysis besides using six ISSR primers to com-
pare the previous genotypes. The final results revealed
that the line numbers 1, 3, 4, and 5 showed high genetic
stability under all experiments and came in top in this
regard. Lines 2, 6, and 7 also recorded high genetic sta-
bility and came in second and are available for growing
in different locations.
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