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ABSTRACT

The current study aimed to evaluate the presence of variability for desired traits and to estimate genetic
parameters (phenotypic and genotypic coefficients of variation, broad sense heritability), correlations and principal
component analysis for such traits. The study was conducted in 2020 and 2021 at the Rice Research Department
Farm of the Sakha Research Station of the Agricultural Research Centre, Egypt. In a randomized complete block
design with three replications, fifteen rice genotypes were evaluated for yield and yield components, including
days to flowering, plant height, number of panicles per plant, panicle length, total spikelets per panicle, panicle
density index, grain length, width, thickness, shape and 1000 grain weight and grain yield per plant. The analysis
of variance showed significant differences between the genotypes for all the studied traits. The genotypes Egyptian
Yasmine, IRRI 154, Sakha 101, Giza 178, IR 65600-77-4-2-1, and IRRI 147 were found to have the highest mean
values for grain yield/plant (53.47, 55.07, 52.32, 52.07, 50.02, and 46.60, respectively). The widest grains,
measuring 3.31 to 3.63 mm, were found in the genotypes WAB-96-1-1, IR 65600-77-4-2-1, Sakha 105, GZ 10101-
5-1-1-1, and IRRI 147. IR 65600-77-4-2-1 recorded the thickest grain (2.37 mm). All the results obtained will be

considedrd in the next hybridization programs to get the most preferred traits in rice plants.
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INTRODUCTION

Rice, the second most important cereal crop after wheat,
grows effectively at a wide range of temperatures. As a widely
cultivated cereal, rice is an important source of carbohydrates in
the diet of the average person. The primary objective of all
breeding programs worldwide is to produce high-yielding
varieties (Ehdaie and Waines 1989) of high quality that can be
distributed to farmers. Finding a significant degree of variability
is necessary to select the desirable lines for further manipulation
to achieve this goal. Analysis of trait variability and how one trait
relates to other traits. Increasing rice yields on existing land
remains the primary strategy for increasing production to meet
future food demand for a growing population. Globally, an
additional 176 million tons of rice will be needed by 2035, which
can be met by increasing yield potential from 10 to 12.3 tons per
hectare (Khush, 2013). Yield is still the main objective of rice
development; however, rice grain quality is now receiving more
attention due to increasing awareness of its importance (Riyanto
etal. 2021).

According to Sumanth et al. (2017), phenotypic
variability refers to the variations in the members of a population
caused by their genetic makeup and environment during growth.
The amount of genetic diversity affects how breeding programs
are planned and implemented to improve quantitative traits. As a
result, the availability of genetic diversity with concerning to
desirable traits and the selection expertise of plant breeders are
very necessary for the success of plant breeding efforts (Adhikari
et al., 2018). Therefore, an important basis for the genetic
improvement of the trait is variability, genetic diversity, expected
genetic improvement and heritability of the trait. Heritability
measures how much of a trait is passed on to subsequent
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generations by comparing the variance due to genetic differences
to all other phenotypic variation for a trait in a population.

At the genotypic level, yield per plant was positively and
significantly correlated with thousand kernel weight and spikelet
fertility. The largest positive direct effect was observed for
thousand grain weight. Higher heritability and genetic advance
estimates for each trait suggest that these traits can be used more
effectively through selection in subsequent generations (Haider
etal., 2012). Number of grains panicle-1, days to maturity, plant
height and paddy yield were shown to have the highest
heritabilities, while number of tillers plant-1 had the lowest.
According to Akhtar et al. (2011), paddy yield showed a high
genetic association with number of grains panicle-1, days to
maturity and 1000 grain weight. Rice length and shape are
important physical characteristics that affect both the price and
the acceptance of a variety. Information on the genetic basis of
these trait s is needed to improve rice length and shape (Agus
Riyanto et al., 2023). Genetic factors have a greater influence on
the length and shape of rice than environmental factors
(Quamruzzaman et al., 2020). To create acceptable genotypes,
the current study aimed to evaluate the genetic diversity of rice
genotypes and the relationship between traits in rice genotypes.

MATERIALS AND METHODS

In this study, we examined the morphological traits of
15 rice genotypes in the 2021 and 2022 rice seasons. The
plants were grown on a farm at the Sakha Research Institute
of the Egyptian Agricultural Research Center, Department of
Rice Research. The seeds were sown in the nursery on May
20 and transplanted into the field after 30 days. Individual
seedlings of each variety were planted in 3 rows with 20 cm
spacing between rows and a 20 cm distance between mounds
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within rows. Experiments were conducted under fully
irrigated conditions using a randomized complete block
design (RCBD). All genotypes were replicated three times.

Table 1. List of 22 rice genotypes used in this study

Nitrogen fertilizers were added as recommended
(RRTC 2020). Insect and weed control were applied
periodically as required. Analysis of variance was done using
the combined analysis by Steel et al. (1997).

Genotypes pedigree origin type

Giza 178 Gizal75 / Milyang49 Egypt Indica/Japonica
Giza 182 Gizal81/IR39422-161-1-3-1/Gizal81 Egypt Indica
Sakha 101 (Giza 176/ Milyang 79) Egypt Japonica
Sakha 105 GZ5581-46-3/GZ4316-7-1-1 Egypt Japonica
Egyptian Yasmine (Jasming85) IR841-67 Egypt Indica

GZ 9399-4-1-1-3-2-2 Gizal78/IR65844-29-1-3-1-2 Egypt Indica/Japonica
GZ10101-5-1-1-1 Sakha 103/ IRI 385 Egypt Indica/Japonica
IRRI 142 Jinmibyeo/ Cheolweon 46 IRRI Indica
IRRI 152 IR77863-95-2-3/HR15490-34 IRRI Japonica
IRRI 154 IR73012-137-2-2-2/IRRI104 IRRI Indica
IRRI 147 (IR63307-4B-4-3) IR51511-B-B-34-B/ TCCP266-2-49-BB-3 IRRI Indica/Japonica
IRAT 112 IRAT 13/ Dourado Precoce Cote d’Ivoire Japonica
WAB-96-1-1 TA257/YS 121 WARDA Indica
IR14P1016 KH68/BPI 76 IRRI Indica

IR 65600-77-4-2-1 Shen Nung 89-366/Ketan Lumbu IRRI Indica

The measured characters on nine plants from each
genotype included days to heading (DTH) (day), plant height
(PH) (cm), panicle length (PL) (cm), panicle weight (PW), panicle
density index (PDI), number of panicles/plant (NPP), 1000-grain
weight (TGW), total spikes (TS), fertility percentage (FP), grain
yield (GYP), grain length (GL), grain width (GW), grain thickness
(GTH) and grain shape (GS). Genetic advance (GA), expected
genetic advance (EGS) and heritability in the broad sense meaning
(H) were computed. The relationship between the examined traits
across experimental factors was better understood using the
correlation coefficient and principal component analysis (PCA).
PCA was performed using a computer software program SPSS
version 25. PCA analysis was done using the methodology given
by Massy (1965) and Jolliffe (1986).

RESULTS AND DISCUSSION

The days to heading, plant height (cm), number of
panicles/plant, 1000-grain weight (g), fertility percentage, and
grain yield among the evaluated genotypes showed highly
significant differences in the analysis of variance (Table 1), which
would indicate overall wide differences among the genotypes
studied. Except for panicle density index, which reflects
unaccounted-for variation between the two years of study and
suggests that each genotype's performance in one environment
will not change from year to year, mean squares due to genotypes
by years interaction were not significant for all studied traits. The

significant differences among rice genotypes in the investigation
indicate the presence of genetic variability in the material used
and provide a good opportunity for yield improvement.

Since the genotype year interaction was not
significant and the wvariations across genotypes were
noticeable, grain yield and other parameters showed stability
throughout the seasons (Table 1). This appears to demonstrate
the potential for future improvement through selection of all
characters studied. This showed that genotypes that were
assessed for grain production, days to flowering, panicle
length, and plant height all had intrinsic genetic diversity. As
a result, there is a chance for genetic improvement through
selection and hybridization of tested genotypes for important
features. With Poudel et al. (2014) and Gyawali et al. (2018),
this finding is extremely comparable. Poudel et al. (2014),
Gyawali et al. (2018), Bekele et al. (2013), Rashid et al.
(2017), Sumanth et al. (2017), Abebe et al. (2017), and Bandi
et al. (2018) all revealed significant genetic diversity across
rice genotypes for yield and main yield contributing variables.
Performance of the used genotypes:

Table 2 shows the average results of the genotypes
under study for the combined data. For days to heading (day),
the genotypes IRRI 142, GZ 9399-4-1-1-3-2-2 and GZ
10101-5-1-1-1 were 85.67, 91.67 and 93 days, respectively,
and behaved as the earlier for heading dates.

Table 1. The combined analysis of variance for studied agronomic characteristics.

S.0.V df DTH1 PH1 PL1 PW PDI NPP TGW
Blocks 2 321 28.93 0.33 0.18 1.28 271 0.15
Treatments 14 515.73** 1274.07** 41.53** 3.27** 38.94** 54.4%* 55.56**
Years 1 3.6ns 0.01ns 0.02ns 0.001ns 8.91** 1.11ns 0.02ns
TXY 14 0.15ns 0.8ns 0.011ns 0.02ns 0.62ns 0.75ns 0.01ns
Error 58 0.91 18.38 1.72 0.15 0.79 0.96 0.03
Mean 101.82 100.90 2243 3.37 7.95 18.24 26.91
CV (%) 0.94 4.25 5.84 11.33 11.18 5.38 0.60
S.0.V df TS FP GYP GL GW GTH GS
Blocks 2 68.54 11.92 0.79 0.28 0.001 0.01 0.01
Treatments 14 2666.84*** 145.64** 325.86** 4.27** 0.71** 0.09** 1.71**
Years 1 0.030 6.29ns 0.14ns 0.01ns 0.002ns 0.021ns 0.02ns
TXY 14 0.570 3.83ns 2.08ns 0.012ns 0.003ns 0.001ns 0.014ns
Error 58 12.88 2.86 1.87 0.07 0.01 0.001 0.02
Mean 143.00 91.14 44,01 8.50 3.10 215 2.79
CV (%) 251 1.86 311 3.10 2.66 3.12 5.12

Where DTH: days to heading (day), PH: plant height (cm), PL1: panicle length (cm), PW: panicle weight, panicle density index (PDI), NPP: number of
panicles/plant, TGW: 1000-grain weight, TS: total spikelet, FP: fertility percentage, GYP: grain yield per plant, GL: grain length, GW: grain width,

GTH: grain thickness and GS: grain shape.

*,** and ns indicate (p < 0.05) significant, high a significant (p <0.01) and non-significant, Y = year, and T = treatment
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The rice genotypes under study showed considerable
variances in plant height, indicating that these genotypes'
growth rates varied. The genotypes GZ 10101-5-1-1-1,
Sakhal01, GZ 9399-4-1-1-3-2-2, Sakhal05, IR 65600-77-4-
2-1, and IRRI 142 had the most favorable mean values for
dwarfism.

Data given in Table 2 showed that the genotypes
IR14P1016, IRRI 147, IRRI 154, and Egyptian Yasmine had
the largest mean panicle lengths. The greatest panicle weights
were measured by WAB-96-1-1, Egyptian Yasmine, and
IRRI 154 (5.07, 4.4, and 4.17 g, respectively). While WAB-
96-1-1, IRRI 154, and IR14P1016 earned the greatest panicle
density index.

The genotypes IRRI 154, WAB-96-1-1, Egyptian
Yasmine, and Gizal78 have the greatest number of total
spikelets in a panicle (191.41, 170.01, 166.67, and 160.68
spikelets, respectively). The genotypes IRAT 112, WAB-96-
1-1, IR14P1016, IRRI 147, and Sakha 105 had the highest
mean values for 1000-grain weight, ranging from 32.03 to
28.13g. The genotypes GZ 10101-5-1-1-1, GZ 9399-4-1-1-3-
2-2, Sakha 105, Giza 182 and Giza 178 showed the greatest
mean values of fertility percentage, which were 95.78, 95.58,
95.43, 95.03 and 94.62%, respectively.

Table 2. Mean performances of agronomic and yield
traits of the used rice genotypes

Genotypes DTH1 PH1 PL1 PW PDI NPP TGW
Giza 178 10217 10167 2167 280 7.33 21.50 2243
Giza 182 10267 9350 2133 237 496 19.33 26.03
Sakha 101 10850 84.83 2333 313 6.24 21.00 26.38
Sakha 105 96.17 89.83 2067 304 641 19.67 2813
Egyptian Yasmine 115.67 106.83 24.83 4.20 8.35 20.33 26.08
GZ9399-4-1-1-322 9167 8717 1967 243 544 1850 2657
GZ10101-5-1-1-1 9300 80.17 2033 260 6.28 17.00 27.03
IRRI 142 8567 9100 21.33 343 819 1867 2345
IRRI 152 9317 96.83 2150 323 820 17.00 27.85
IRRI 154 109.00 124.83 25.87 4.17 10.08 20.50 21.40
IRRI 147 99.67 11450 26.33 350 7.20 18.83 28.70
IRAT 112 97.67 11083 1867 307 721 16.67 32.00
WAB-96-1-1 102.83 124.17 20.20 5.07 15.48 10.67 32.03
IR14P1016 11267 117.00 27.37 3.60 10.07 13.17 2953
IR 65600-77-4-2-1 116.83 90.33 23.30 390 7.86 20.83 26.06
Genotypes TS FP GYP GL GW GTH GS
Giza 178 16068 94.62 5207 735 277 193 266
Giza 182 12828 9503 4278 932 266 211 351
Sakha 101 14304 9360 5232 794 307 214 259
Sakha 105 12394 9543 4392 832 341 225 244
Egyptian Yasmine 166.67 90.33 5507 994 255 208 391
GZ9399-4-1-1-3-2-2 131.95 9558 4305 781 310 211 252
GZ10101-5-1-1-1 13273 9578 4237 811 340 226 239
IRRI 142 14531 87.85 3868 803 316 218 254
IRRI 152 13241 8035 3455 7.78 329 227 237
IRRI 154 19141 9113 5347 819 289 192 284
IRRI 147 13341 86.80 46.60 789 331 223 239
IRAT 112 11158 8262 3427 955 299 213 320
WAB-96-1-1 17001 9445 3752 934 363 214 257
IR14P1016 12694 9453 3343 983 263 209 375
IR 65600-77-4-2-1 146.71 8892 50.02 815 358 237 228

DTH: days to heading (day), PH: plant height (cm), PL1: panicle length
(cm), PW: panicle weight, panicle density index (PDI), NPP: number of
panicles/plant, TGW: 1000-grain weight, TS: total spikelet, FP: fertility
percentage, GYP: grain yield per plant, GL: grain length, GW: grain
width, GTH: grain thickness and GS: grain shape.

The genotypes Gizal78, Sakha 101, IR 65600-77-4-
2-1, IRRI 154, and Egyptian Yasmine produced the greatest
results for the quantity of panicles per plant (21.5, 21, 20.83,

20.5, and 20.33, respectively). The genotypes Egyptian
Yasmine, IRRI 154, Sakha 101, Giza 178, IR 65600-77-4-2-
1, and IRRI 147 were found to have the highest mean values
for grain yield/plant (53.47, 55.07, 52.32, 52.07, 50.02, and
46.60, respectively). The genotypes Egyptian Yasmine,
IR14P1016, IRAT 112, WAB-96-1-1, and Giza 182
produced the greatest mean values for grain length, with
respective mean values of 9.94, 9.83, 9.55, 9.34, and 9.32
mm. While the widest grains, measuring 3.31 to 3.63 mm,
were found in the genotypes WAB-96-1-1, IR 65600-77-4-2-
1, Sakha 105, GZ 10101-5-1-1-1, and IRRI 147. IR 65600-
77-4-2-1 (2.37 mm) recorded the thickest grain, whereas IRRI
154 (1.92 mm) recorded the thinnest grain. The Indica rice
genotypes Egyptian Yasmine, IR14P1016, Giza 182, and
IRAT 112 had the greatest grain shape values (3.91, 3.75,
3.51, and 3.2, respectively). The japonica genotypes had the
lowest results.

The genotypes Egyptian Yasmine, IR14P1016, IRAT
112, WAB-96-1-1, and Giza 182 produced the greatest mean
values for grain length, with respective mean values of 9.94,
9.83, 9.55, 9.34, and 9.32 mm. While the widest grains,
measuring 3.31 to 3.63 mm, were found in the genotypes
WAB-96-1-1, IR 65600-77-4-2-1, Sakha 105, GZ 10101-5-
1-1-1, and IRRI 147. IR 65600-77-4-2-1 (2.37 mm) recorded
the thickest grain, whereas IRRI 154 (1.92 mm) recorded the
thinnest grain. The Indica rice genotypes Egyptian Yasmine,
IR14P1016, Giza 182, and IRAT 112 had the greatest grain
shape values (3.91, 3.75, 3.51, and 3.2, respectively). The
japonica genotypes had the lowest findings, though.
Principal components analysis:

The study of principle components (PCA) of
variability for the two years' utilized rice genotypes comprised
all studied agronomic and yield variables. 74.37 percent of the
cumulative total variance is made up of the first three
components. According to Table 3 and Fig. 1, the
components' eigenvalues account for 4.34, 3.67, and 2.40
percent of the variation in the average values of the examined
treatments. The PC1 had a high positive correlation with
panicle weight, number of panicles / plant, and harvest index
traits. The PC2 was strongly correlated with1000 grain weight
and fertility percentage. The PC3 was highly correlated with
number of panicles / plant. The PC1 accounted for highest
value of the total variance of all analyzed variables, followed
by PC2 and PC3. The variables analyzed by PCA which
contributed the highest for the total variance could be
manipulated during yield improvement programs in rice as
suggested by EI-Mageed, T.A.A et al., 2022, Khan, F. et al.,
2017 and Shaaban, A. et al., 2022. Bii et al. (2020) found that
first three principal components having Eigen value more
than one are cumulatively contributing 68.69% to the total
variability. PC1 has the contribution from the traits days to
heading (0.34), panicle weight (0.45) and panicle density
index (0.29) which accounted 31% of total variability
indicating these traits contributed more to the total variance.
The correlation coefficient:

The relationships among the studied traits represented
as correlation coefficient are presented in Table (4). The
correlation coefficient was statistically estimated as reported
by Gomez and Gomez (1983). Regarding the correlation
between studied traits, grain yield was highly significant and
positively correlated with each of number of panicles (0.778),
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thousand grain weight (0.641), total spikelet number (0.60)
and days to heading (0.50). Panicle weight was highly
significant and positively correlated with total spikelet
number (0.88), plant height (0.69) and panicle density index
(0.65). While number of panicles was significant and
negatively correlated to thousand grain weight (-0.73) and
panicle density index (-0.68). Cyprien and Kumar (2011)
found that panicle number, panicle weight, 1000-grain
weight, days to 50% flowering and seed to seed days were
considered as causal factors and effects grain yield. Babu et
al. (2012) studied the correlation and path analysis in twenty
one popular hybrids of rice (Oryza sativa L.) whereas,
character association of the yield attributing traits revealed
significantly positive association of grain yield per plant with
number of productive tillers per plant.

For grain dimensions results in table 4 showed that
high positively significant correlation were found between
grain length and each of grain shape (0.83) and thousand grain
weight (0.51). Grain thickness was high positively significant
correlated to grain width (0.71) and negatively correlated to
total spikelet number (-.051). For grain shape there were high
negatively significant correlation with grain width (-0.84) and
grain thickness (-0.47).

7.5 8.4 9.3 10.2 1.4 12 12.9 13.8 14.7 15.6 16.5

cp1

Figure 1. Principal components multivariate analysis for
used genotypes

Table 3. Principal components multivariate analysis for
used genotypes

PCI_PC2 PC3 PCA PC5 PC6 PCY
Eigenvalue 434 367 240 129 107 058 034
Importance (%) 31.00 2621 17.16 925 7.65 414 246

% Accumulated 31.00 57.22 74.37 83.62 91.27 9541 97.87

DTH1 034 040 029 035 032 -013 001
PH1 013 -0.14 016 -0.16 -0.26 046 -0.46
PL1 000 0.08 004 035 030 002 -0.14
PW 045 -010 039 012 -019 023 0.17
PDI 029 -0.30 -0.10 001 0.03 -013 0.6
NPP -0.06 016 0.73 -019 -001 -0.25 -0.04
TGW 020 046 -015 -017 -016 014 055
TS -0.70 022 023 021 -021 016 011
FP 017 051 -015 -0.10 -0.08 0.30 -0.48
GYP 006 022 -002 -051 -0.30 -0.46 -0.04
GL 007 -032 022 008 -033 -011 -0.03
GW 0.06 0.06 -004 032 -049 020 0.28
GTH -008 -012 020 -048 042 049 031
GS -0.01 007 -004 0.02 001 -0.02 0.00

Where DTH: days to heading (day), PH: plant height (cm), PL1: panicle
length (cm), PW: panicle weight, panicle density index (PDI), NPP:
number of panicles/plant, TGW: 1000-grain weight, TS: total spikelet,
FP: fertility percentage, GYP: grain yield per plant, GL: grain length,
GW: grain width, GTH: grain thickness and GS: grain shape.

Genetic variability:

Breeding programs for any crop may be made better
and more successful by taking into account the genetic

diversity of the genotypes that are selected for further changes
in order to achieve the breeding aim. To begin an effective
breeding program, a genetic survey using suitable parameters
is required. These parameters include genotypic (GV) and
phenotypic (PV) variance, genotypic coefficient of variation
(GCV), phenotypic coefficient of variation (PCV),
heritability (H) in a broad sense, and genetic advance (GS %).
Estimates of genetic (GV) and phenotypic (PV) variance,
genotypic (GCV) and phenotypic (PCV) coefficients of
variation, heritability (H) broadly construed, and genetic
advance (GA%) were displayed in Table 5. Phenotypic
variation frequently exceeded genotypic variance in all the
studied growth characteristics, as would be predicted. It is
important to keep in mind that total variability depends on
both heritable and non-heritable components when
determining the variance in yield components responsible for
variations in yield among different genotypes. While
estimates of heritability and genetic advance are essential first
steps in any breeding program because they provide
information needed to design the most efficient breeding
program and the relative usefulness of selection, while
coefficients of variation measure the level of variability
present in a population.

The results demonstrated the largest genotypic
variation (GV) and phenotypic variance (PV) in total spikelet
(884.65), plant height (418.56), days to headings (171.61),
grain yield, fertility % (47.59), thousand grain weight (18.51),
and number of panicles per plant (17.81). The largest
anticipated genetic advance (EGA), as well as high
heritability (H) values, were shown by the panicle density
index, grain shape and grain yield.

The results revealed considerable phenotypic and
genotypic variances among the genotypes for the traits under
consideration. The estimates of GCV were high for plant
height (20.28) number of panicles/plant (23.18), panicle
weight (30.26) and grain yield (23.61), panicle density index
(44.86), total spikelet (20.8) and grain shape (26.9). The
remaining traits recorded moderate to low GCV estimates.
The PCV values were higher than GCV values for most
studied traits, which reflect the influence of environment on
the expression of these traits.

Most genotypes displayed appreciable variations for
the traits under investigation (Table 5). Higher estimates of
heritability for the number of days before heading (1), plant
height (0.97), grain yield (0.99), and total spikelets (0.99)
along with strong genetic progress suggest the existence of
additive genes. High heritability and genetic progress are
essential factors for determining the result of picking the best
candidates. Days to heading and plant height had high
heritability and high genetic advance, whereas panicle length
(cm), panicle weight, number of panicles per plant, 1000-
grain weight, TGW, fertility percentage, GL, GW, GTH, and
GS had high heritability and low genetic advance. The
genotypic coefficient of variation demonstrated how much
genetic diversity was present in the genotypes for different
phenotypes, but it did not fully allow for the assessment of
heritable variation. Permanent genetic enhancement benefits
from heritable variation (Singh 2000). The potential of
heritability to predict the accuracy of phenotypic value as a
guide to breeding value is its most crucial role in the genetic
study of quantitative traits. Reliable estimates of the amount
of genetic advancement to be anticipated through phenotypic
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selection are provided by the genotypic coefficient of
variation and heritability estimations. Gaballah (2009) also
published the findings, which were consistent with the ones

presented here. Genetic progress and heritability are crucial
selection criteria.

Table 4. Correlation analysis among the studied growth and yield characters

DTH PH PL PW PDI NPP TGW TS FP GYP GL GW GTH
PH 0.36
PL 0.63* 045
PW 048 069> 0.38
PDI 025 073** 018 088
NPP 013 044 013 038 -0.68**
TGW -0.04 022 024 017 0.29 -0.73**
TS 0.40 044 034 065**  0.55* 0.14 -0.53
FP 015 019 000 -0.15 -0.03 -0.01 -0.18 0.17
GYP 050 009 036 010 -0.21 0.778* 064 0.60* 0.28
GL 043 045 013 036 0.35 -0.49 0.51* -0.07 004 -028
GW 032 -020 037 021 0.23 -0.24 0.33 -008 -012 -020 -040
GTH -018 -048 -020 -0.05 -0.16 -0.12 0.42 -0.51* -029 -030 -0.12 0.71**
GS 047 037 033 0.9 0.05 -0.13 0.10 001 010 -002 0.83** -084** -047

Where DTH: days to heading (day), PH: plant height (cm), PL1: panicle length (cm), PW: panicle weight, panicle density index (PDI), NPP: number of
panicles/plant, TGW: 1000-grain weight, TS: total spikelet, FP: fertility percentage, GYP: grain yield per plant, GL: grain length, GW: grain width,

GTH: grain thickness and GS: grain shape.

Table 5. Genetic variability Parameters
Mean PV GV EV PCV GCV GA EGA H

DTH 10182 17191 17161 03 1288 1287 2691 2643 1
PH 1009 42469 41856 613 2042 20.28 41.25 40.88 0.97
PL 2243 1384 1327 057 1659 1624 7.05 31.45 092
PW 337 109 104 005 3098 30.26 196 5822 091
PDI 795 1298 1272 026 4532 4486 7.13 89.64 0.96
NPP 1824 1813 1781 032 2335 2314 847 4642 0.97
TGW 2691 1852 1851 001 1599 1599 886 3291 1
TS 143 888.95 884.65 429 20.85 20.8 60.83 4254 0.99
FP 0114 4855 4759 095 764 757 138 1514 0.96
GYP 4401 10862 108 062 2368 23.61 21.22 48.23 0.99
GL 85 142 14 002 1404 1392 238 27.98 097
GW 31 024 023 0001 1569 1558 097 3143 0.97
GTH 215 003 003 0001 806 806 036 166 1
GS 279 057 056 001 2706 269 1.52 54.46 098

DTH: days to heading (day), PH: plant height (cm), PL: panicle length
(cm), PW: panicle weight, NPP: number of panicles/plant, TGW: 1000-
grainweight, TS: total spikelets, FP: fertility percentage, GYP: grain yield
per plant, GL: grain length, GW: grain width, GTH: grain thickness and
GS: grain shape.

The genetic advance estimates are useful for
comprehending the sort of gene activity involved in the
production of diverse polygenic traits. In contrast to low values,
which are indicative of non-additive gene activity, high values of
genetic progress indicate additive gene action (Singh and
Narayanan, 1993). Thus, if there is significant genetic
advancement, heritability estimates will be accurate. The results
of this study suggest that some traits, like days to heading,
showed high heritability and high genetic advance, indicating
selection will be 100 percent highly effective, while other traits,
like number of panicles/plant and fertility percentage, showed
high genetic advance with low or medium heritability, indicating
they would also show a positive response to selection. For all
characteristics under study, the phenotypic coefficient of variance
was found to be larger than the genotypic coefficient of variance,
indicating the effect of the environment on the expression of these
traits. (Malimar et al., 2015; Rashid et al., 2017; Gyawali et al.,
2018) revealed similar findings.
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