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ABSTRACT
Development of rice cultivars with appreciative performance is one of the prime objectives of rice breeding programs. In this
regard, the current experiment was conducted during 2016 at Agricultural Research Institute, Dera Ismail Khan, Khyber
Pakhtunkhwa, Pakistan. The aims of the study were to generate scientific information on nature and magnitude of genetic
variability and relationship of yield and related attributes and to classify genotypes into distinct clusters on the basis of
quantitative traits. Fourteen elite rice genotypes were evaluated following randomized complete block design with three
replications. Analysis of variance manifested significant (P ≤ 0.01) differences among genotypes based on the studied traits viz.,
panicle emergence, flag leaf area, effective tillers plant-1, panicle length, primary branches and grains panicle-1, 1000-grain
weight and paddy yield plot-1, except physiological maturity. The magnitudes of PCV and GCV were higher (>20%) in all the
studied traits, except physiological maturity, reflecting wide spectrum of variability and offering greater opportunities for
selection. Similarly, the magnitude of broad-sense heritability and genetic advance as percent of mean was moderate to high for
majority of traits, indicating additive gene action in their inheritance hence, amenable for simple selection. Correlation analysis
revealed that paddy yield manifested significantly positive correlation with physiological maturity (r = 0.46**) and negative
correlation with 1000-grain weight (r = -0.30*). The dendrogram grouped 14 rice genotypes into four clusters. Cluster IV
incorporated the highest number of genotypes, which also had highest cluster mean for paddy yield, followed by cluster I.
Therefore, prominence should be given to genotypes aggregated in cluster I and IV that having high yield potentiality. Based on
mean performance, Irrigated-04, E-93, E-94 and E-107 showed superiority in respect of paddy yield and some other traits,
hence these lines could be recommended for varietal development.
Keywords: Correlation, Elite lines, Genetic variability
INTRODUCTION

high yielding cultivars.

After wheat, rice is the second most important crop in
Pakistan, but lack of ample investment to improve
varieties is one of the major factors that has delayed
upsurge in paddy yield. However, to letdown this challenge
and meet the growing demands, both classical and
molecular breeding methods have to be used [1]. The need
for prosper rice cultivation not only relies on cultural
practices but also on their inbuilt genetic variability [2].
The existence of morpho-genetic variation in various yield
attributes of rice is essential in determining best breeding
procedures to enhance the paddy yield. A wide range of
genetic variability for yield and its component attributes
have been reported in the past [3]. Plant breeders
systemically test and evaluate germplasm to generate best
genetic stock, exploited for selection and production of

Morphological attributes have been extensively used to
ascertain polygenic relationships between and within
species for studying variability and correlated characters in
rice. However, morphological attributes are highly
influenced by environmental factors, resulted in varying
relationship patterns [4], nevertheless they are still
effective for selection [5]. Qualitative and quantitative
attributes have been used by many research scientists for
different purposes in various crops including rice [6].
Paddy yield is the product of number of panicles per unit
area, number of spikelets and filled grains panicle-1 and
weight of thousand grains [7], therefore, breeding
strategies in rice depends mainly on the extent and nature
of variation of various yield attributes and their
interrelationship. It is therefore important to assess extent
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of transmissibility and genetic gain of yield attributes to
predict response to selection. A study of Bagati et al. [8]
and Tejaswini et al. [9] revealed high heritability estimates
for all the studied traits, while studies conducted by Bitew
[10] on estimation of genetic parameters in upland rice
assessed low heritability values for tillers plant-1, filled
grains and seed yield. Correlation studies of paddy yield
with other yield attributes not only envisage better insight
towards the relationship among them [11] but also assists
plant breeders in selection with more precision and
accuracy [12]. The function of cluster analysis as a tool for
classifying and grouping various genotypes with similar
traits cannot be over-emphasized as it has now become
popular among researchers [13]. Keeping in consideration,
all the above information, an effort has been made in the
present study to evaluate a set of 14 rice genotypes with an
aim to assess genetic variability, heritability and genetic
advance for yield and its component traits and unravel the
degree of association between them and to classify 14 rice
genotypes into groups based on their quantitative
attributes.

Where;
COVP (x1 x2) =Phenotypic covariance among traits (x1 and x2)
 2 p (x1)=Phenotypic variance of trait x1
 2 p (x2) = Phenotypic variance of trait x2

Grouping of genotypes into clusters was accomplished
following the Ward’s method [24].
RESULTS AND DISCUSSION
Analysis of variance (ANOVA)
Mean squares due to genotypes were significant (P ≤ 0.01)
for panicle emergence, flag leaf area, effective tillers plant-1,
panicle length, grains panicle-1, primary branches panicle-1,
1000-grain weight and paddy yield except physiological
maturity (table 1). These results suggested that the studied
genotypes had considerable variability for effective selection.
A study conducted by Anis et al. [25] on 20 promising lines
of rice under Egyptian condition found significant variations
among genotypes for panicles plant-1, panicle length,
number of grains panicle-1 and grain yield. Augustina et al.
[2] also observed significant differences for all the traits
while conducting studies on morphological characterization
of 16 rice breeding lines. Similarly, other researchers [26-28]
have also reported significant genetic differences in their
studies conducted on evaluation of different rice genotypes.

MATERIALS AND METHODS
The current research was executed at Agricultural
Research Institute, Dera Ismail Khan, Khyber
Pakhtunkhwa, Pakistan during 2016 rice crop growing
season. Fourteen selected rice genotypes were evaluated
following randomized complete block design with three
replications. Thirty days old nursery was transplanted into
well puddled field with spacing of 20 cm each between
rows and plants, respectively. Standard agronomic
necessities were fulfilled to raise good crop. A composite of
five plants were randomly selected in each 3×4 m² plot to
record observations on flag leaf area, effective tillers plant-1,
panicle length, filled grains panicle-1 and 1000-grain
weight, while for days to panicle emergence and
physiological maturity and paddy yield, data were recorded
on plot basis. Finally, the mean values over three
replications were used for statistical analysis and analysis
was performed as per Steel et al. [14] and significant
means were compared using LSD at P≤0.05. Phenotypic
(σ2p) and genotypic (σ2g) variances were obtained
according to Burton and DeVane [15] as σ2g=MSp-(MSe/r),
σ2p=MSg/r and σ2e=MSe/r, where MSp, MSg, MSe are
mean squares of phenotypes, genotypes, error, respectively;
r was number of replications. Phenotypic coefficient of
variation (PCV) and genotypic coefficient of variation
(GCV) were assessed according to Burton [16] as PCV
(%)=(σ2p/x̅)×100; GCV (%)=(σ2g/x̅)×100, Where x̅=grand
mean of character under study. PCV and GCV values were
characterized as low (0-10%), moderate (10-20%) and high
(>20%) according to Deshmukh et al. [17]. Broad Sense
heritability {h2(BS)} for each trait was computed according
to Falconer [18] as h2(BS)=σ2g/σ2p. Heritability was
characterized as low (0-30%), moderate (>30-60%) and
high (>60%) according to Robinson et al. [19]. Expected
genetic advance (GA) was computed according to Allard
[20] as GA=k×σ2p×h2(BS), where k is standardized selection
differential constant (2.06) at 5% selection intensity.
Genetic advance as percent of mean was assessed
according to Comstock and Robinson [21] as GA
(%)=(genetic advance of particular trait/x̅)×100. Genetic
advance as percent of mean was characterize as low
(0-10%), moderate (10-20%) and high (>20%) as given by
Johnson et al. [22]. Phenotypic correlation (rp) was
computed following the procedure of Kwon and Torrie [23]
as rp= COVP( x1 x2 ) /  2 P( x1 ). 2 P( x2 )

It is obvious from table 2 that E-138 was the earliest in
panicle emergence (113.00 days) and maturity (140.67
days). However, late maturity (153.33 days) was observed
in E-93, Irrigated-03 and Irrigated-04. Flag leaf area is
very important character, because it is responsible for
transfer of assimilates to developing grains. Perusal of
table 2 reveals that the maximum flag leaf area (43.16 cm2)
was calculated for E-138, tailed closely by E-150 (42.45
cm2). Effective tillers plant-1 is also one of the important
yield contributing traits, because panicle bearing tillers
will obviously bring upsurge in the final yield. The current
study revealed that mean values for effective tillers plant-1
ranged from 11.47 to 20.80. E-150 (20.80) and E-102
(20.00) produced utmost tillers plant-1. Minimum tillers
plant-1 (11.47) were produced by E-129. Panicle length is
one of the most important traits assessed by rice breeders
in yield related research, because longer panicles with
more filled grains will obviously lead to higher return.
Furthermore, research studies conducted previously
[29-30] found that paddy yield is the product of number of
panicles per unit area, percentage of filled grains panicle-1
and 1000-grain weight. Therefore, improvement in yield
determining traits of cereals is of major concern of plant
breeders. As depicted from table 2, mean values for panicle
length ranged between 23.87 and 28.73 cm. The longest
panicles (28.73 cm) were produced by E-150, closely
followed by E-102 and Irrigated-14 with panicle length of
28.26 cm, respectively. Primary branches panicle-1 is also
an important yield attribute, because panicles with
maximum primary branches will obviously lead to higher
grain yield. Primary branches panicle-1 ranged from 9.67 to
13.67 with an average value of 11.56. Irrigated-14 produced
maximum (13.67) primary branches panicle-1, closely
followed by E-107 (11.83), E-93 (11.33) and Irrigated-4
(11.33). Elite line 003 produced maximum (139.50) grains
panicle-1, while E-107 was second best line, producing
134.83 grains panicle-1. E-150 produced minimum primary
branches (9.67) and grains panicle-1 (76.67). 1000-grain
weight ranged from 18.70 to 26.37 g. Maximum
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1000-grain weight (26.27 g) was calculated for E-111,
closely followed by Irrigated-01 (26.24 g) and E-102
(25.00 g). Development of high yielding rice cultivars with
consistent performance is the real objective of rice
breeders. The higher the grain yield plant-1, higher will be
grain yield acre-1. On the basis of mean performance,
Irrigated-04 (6.52 kg) and E-93 (6.36 kg) showed
superiority in respect of grain yield plot-1, tailed closely by
E-94 (6.24 kg) and E-107 (6.15 kg).

genetic advance accompanied by moderate to high
heritability indicate the non-additive gene action, thus
selection should be practiced with care in respect of low
heritable traits. In this regard, further explanation of
Sardana et al. [41] suggested that traits with high
heritability might not necessarily lead to higher genetic
advance. High heritability (>60%) and moderate genetic
advance (>10-20%) was assessed for primary branches
panicle-1, while traits such as panicle emergence and
panicle length manifested high heritability (>60%) and low
genetic advance (0-10%). Moderate heritability with high
genetic advance was assessed for flag leaf area (51.99%,
21.84%) and paddy yield (51.67%, 27.37%). Moderate
heritability coupled with high genetic advance for paddy
yield have been reported earlier in the literature [42],
which support the present findings. Tillers plant-1
manifested moderate heritability (39.80%) with moderate
genetic advance (16.28%) which is in line with findings of
Konate et al. [26]. Low heritability (2.84%) coupled with
low genetic advance (0.32%) was assessed for
physiological maturity, indicating ineffectiveness of direct
selection. Kumar and Deo [43] reported moderate to high
heritability coupled with low genetic advance (%) for days
to maturity and panicle length.

Coefficients of variability
Assessment of different genetic parameters have been
presented in table 3. The assessment of genetic variability
revealed higher values (>20%) for phenotypic coefficient
of variation (PCV) for all the studied traits. Similarly, the
magnitude of genotypic coefficient of variation (GCV) was
also high (>20%) for all the studied traits, except
physiological maturity. The magnitude of PCV ranged from
27.96% (panicle length) to 212.53% (grains panicle-1),
while the magnitude of GCV ranged from 11.19% in
physiological maturity to 179.64% in grains panicle-1 (table
3). The differences in PCV and GCV ranged from 1.04 to
55.26%, indicating that genotypes had played an
appreciative role rather than environment and indicating
less influence of environment on these traits. It also
suggested that selection based on these traits would be
effective. Bagati et al. [8] evaluated 140 F7 recombinant
inbred lines (RILs) of rice and observed a wide range of
phenotypic coefficient of variation (6.1%-31.2%) and
genotypic coefficient of variation (5.7%-30.5%) for the
studied traits. Similarly, Prasad et al. [31] evaluated 50
boro-rice genotypes and reported that the magnitude of
PCV and GCV was moderate (>10%) to high (>20%) for
most of the traits including grain yield. Another study
conducted by Manikya and Reddy [32] reported less
differences between PCV and GCV values for all the traits
and concluded that there was less influence of
environment on the expression of these traits.

Phenotypic correlation
As yield is a polygenic trait, so assessment of correlation
among yield and component traits is necessary to identify
such characters with significant effect on paddy yield and
elimination of those with undesirable correlative changes. In
the present study, assessment of correlation revealed that
days to panicle emergence (r = -0.48, P≤0.01) and
physiological maturity (r = -0.33, P≤0.05) was found to be
negatively correlated with flag leaf area. Grains panicle-1 was
positively correlated with panicle emergence (r = 0.56,
P≤0.01) and primary branches panicle-1 (r = 0.54, P≤0.01),
but negatively correlated to effective tillers plant-1 (r =-0.35,
P≤0.05). Paddy yield manifested positive correlation with
physiological maturity (r = 0.46, P≤0.01), while negative
correlation with 1000-grain weight (r = -0.30, P≤0.05). The
remaining traits manifested no correlation with paddy yield
(table 4). Some early literature [44-46] reported
significantly positive correlation of paddy yield with effective
tillers plant-1, panicle length, grains panicle-1 and 1000-grain
weight, which do not support the present findings.

Heritability and genetic advance
Knowledge of the extent of transmissibility of a particular
trait assists plant breeders in predicting the behavior of
succeeding generations because higher heritability of a
trait simplifies the selection procedure [33]. Studied
conducted previously by several researchers [34-38] have
emphasized the utility of assessment of heritability and
genetic advance in the anticipation of response of
quantitative traits to selection. Genotypic variances were
higher than corresponding environmental variances for all
the studied traits, resulting in high heritability for most of
the traits. Estehghari and Farshadfar [39] stated that
higher the genetic variance, more are the chances of
bringing sustainable improvement through selection. The
magnitude of broad-sense heritability ranged from 2.84%
(physiological maturity) to 98.50% (1000-grain weight),
while corresponding values of genetic advance ranged
from 0.32% (physiological maturity) to 59.49%
(1000-grain weight) (table 3). The highest heritability
(>60%) coupled with high genetic advance (>20%) was
assessed for grains panicle-1 (71.44%, 30.65%) and
1000-grain weight (98.50%, 59.49%) which is in line with
the findings of Tuhina-Khatun et al. [40] for grains
panicle-1 and Nirmaladevi et al. [3] for 1000-grain weight.
Traits with high heritability and genetic advance could be
explained by additive gene action and have high response
to selection. So importance should be given to these traits
in selection breeding. Whereas, traits exhibiting low

Cluster analysis
Among 14 elite rice genotypes, cluster analysis resulted in
four clusters following Ward’s method (fig. 1). Distribution
pattern indicated that maximum genotypes (05) were
aggregated in cluster IV, while minimum (02) were grouped
into cluster II. Cluster I and III comprised 03 and 04
genotypes respectively (table 5). Cluster wise mean values of
nine different traits were computed to assess superiority of
cluster, which could be considered in the improvement of
various characters [47]. Mean performance of different
clusters for the characters manifested that genotypes with
maximum days to physiological maturity, panicle length,
primary branches panicle-1 and 1000-grain weight was
accumulated in cluster I, whereas genotypes with maximum
paddy yield were in grouped cluster IV. Similarly, genotypes
which took minimum days to panicle emergence and
physiological maturity and produced maximum flag leaf
area and effective tillers plant-1 were clubbed into cluster III,
whereas low yielding genotypes with minimum effective
tillers plant-1 and 1000-grain weight were grouped into
cluster II (table 6).
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CONCLUSION

positive correlation with physiological maturity while
significantly negative correlation with 1000-grain weight.
A group of genotypes in cluster I and IV was identified as
being different from other for number of traits including
paddy yield. Similarly, on the basis of mean performance,
Irrigated-04, E-93, E-94 and E-107 were identified as the
most prominent genotypes. Therefore, these genotypes
may be good for rice improvement programs.

On the basis of summarized results as above, the present
study identified the presence of adequate genetic
variability in the tested genotypes. The magnitude of
heritability and genetic advance was moderate to high for
most of the traits, offering more space and opportunity for
improvement. Paddy yield manifested significantly

Table 1: Mean squares for various traits of 14 elite genotypes of rice
Traits
Panicle emergence
Flag leaf area
Physiological maturity
Effective tillers plant-1
Panicle length
Primary branches panicle-1
Grains panicle-1
1000-grain weight
Paddy yield plot-1

Replications
(df =2)
6.16
19.91
4.02
16.73
0.75
0.07
122.93
0.42
0.12

Genotypes
(df=13)
119.07**
102.61**
69.40NS
20.42**
4.70**
3.58**
1142.81**
13.47**
3.38**

Error
(df =26)
5.52
24.15
63.18
6.84
0.82
0.46
134.38
0.67
0.84

CV (%)
1.93
14.13
5.37
15.4
3.35
5.84
11.13
3.47
17.92

**= significant at 1% level of probability, NS= non-significant
Table 2: Mean values for various traits of 14 elite genotypes of rice
PE
FLA
PM
ET
PL
PBP
GP
(days)
(cm2)
(days)
(no.)
(cm)
(no.)
(no.)
E-93
119.00
35.00
154.33
16.67
26.69
11.33
100.50
E-94
126.33
29.91
149.33
18.87
26.32
11.50
87.00
E-102
123.33
24.85
150.67
20.00
28.26
10.83
111.33
E-107
130.00
25.44
152.00
13.13
27.51
11.83
134.83
E-111
124.67
27.34
153.67
15.67
27.75
11.50
107.50
E-116
123.00
37.25
152.00
15.27
25.77
13.50
121.17
E-127
113.33
39.66
143.33
17.93
23.87
10.83
83.67
E-129
116.33
36.09
141.67
11.47
26.30
12.00
84.17
E-138
113.00
43.16
140.67
19.20
27.30
12.17
100.67
E-150
113.33
42.45
143.67
20.80
28.73
9.67
76.67
003
130.33
38.47
146.00
15.57
26.69
11.50
139.50
Irrigated-3
131.00
34.67
153.33
16.77
27.75
10.17
89.00
Irrigated-4
122.33
36.76
153.33
17.87
27.51
11.33
101.50
Irrigated-14
122.67
35.94
148.67
18.60
28.26
13.67
120.83
Mean
122.05
34.79
148.76
16.99
27.05
11.56
104.17
LSD (0.05)
3.93
8.22
NS
4.38
1.52
1.13
19.39
Note: PE-panicle emergence, FLA-flag leaf area, PM-physiological maturity, ET-effective tillers plant-1,
PBP-primary branches panicle-1, GP-grains panicle-1, TGW-1000-grain weight and PY-paddy yield plot-1.
Genotypes

TGW
(g)
23.17
24.37
25.00
18.70
26.37
24.47
24.10
23.67
23.70
23.87
23.31
26.24
19.72
24.50
22.08
1.33
PL-panicle

PY
(kg)
6.36
6.24
4.67
6.15
5.26
5.11
4.48
3.97
4.47
5.43
2.63
5.54
6.52
5.00
5.05
1.51
length,

Table 3: Assessment of genetic parameters for various traits of 14 elite genotypes of rice
Traits
PCV
GCV
PCV-GCV
σ2g
σ2p
h2(BS)
GA
GA (%)
Panicle emergence
59.61
55.69
3.93
37.85
43.37
87.26
11.84
9.70
Flag leaf area
120.26
86.72
33.54
26.16
50.31
51.99
7.60
21.84
Physiological maturity
66.45
11.19
55.26
1.86
65.68
2.84
0.47
0.32
Effective tillers plant-1
81.83
51.62
30.21
4.53
11.37
39.80
2.76
16.28
Panicle length
27.96
21.87
6.09
1.29
2.11
61.17
1.83
6.77
Primary branches panicle-1
36.01
30.04
5.97
1.04
1.50
69.60
1.76
15.18
Grains panicle-1
212.53
179.64
32.90
336.14
470.52
71.44
31.92
30.65
1000-grain weight
137.75
136.71
1.04
41.26
41.89
98.50
13.13
59.49
Paddy yield plot-1
57.80
41.54
16.25
0.87
1.69
51.67
1.38
27.37
Note: GCV= genotypic coefficient of variance, PCV= phenotypic coefficient of variance, σ2g= genetic variance, σ2p= phenotypic
variance, h2(BS)=broad-sense heritability, GA (%)= genetic advance as percent of mean
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Table 4: Correlation coefficients of paddy yield with component traits
FLA
PM
ET
PL
PE
-0.48**
0.29
-0.23
0.18
FLA
-0.33*
0.11
-0.19
PM
-0.01
0.23
ET
0.28
PL
PBP
GP
TGW
**,*=significant at 1% and 5% level of probability, respectively,

PBP
0.09
-0.06
-0.08
-0.25
-0.17

GP
0.56**
-0.22
0.11
-0.35*
0.07
0.54**

TGW
-0.07
0.04
-0.04
0.21
0.02
-0.06
-0.25

PY
0.09
-0.22
0.46**
0.09
0.08
-0.17
-0.18
-0.30*

Fig. 1: Dendrogram of 14 elite rice genotypes using Ward`s method
Table 5: Grouping of 14 elite rice genotypes by Ward`s method
Cluster
I
II
III
IV

Number of genotypes
4
2
3
5

Name of genotypes
E-102, E-111, E-116, Irrigated-14
E-107, 003
E-150, E-127, E-129
E-93, E-94, E-138, Irrigated-3, Irrigated-4

Table 6: Cluster mean for nine characters of 14 elite rice genotypes
Traits
Panicle emergence
Flag leaf area
Physiological maturity
Effective tillers plant-1
Panicle length
Primary branches panicle-1
Grains panicle-1
1000-grain weight
Paddy yield plot-1

Cluster-I
123.42
31.34
151.25
17.38
27.51
12.38
115.21
25.08
5.01

Cluster-II
130.17
31.96
149.00
14.35
27.10
11.67
137.17
21.00
4.39

89

Cluster means
Cluster-III
113.33
41.06
143.50
19.37
26.30
10.25
80.17
23.98
4.96

Cluster-IV
122.33
35.90
150.20
17.87
27.11
11.30
95.73
23.44
5.82
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