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Abstract 
The aim of the present study was to assess the degree of genetic variation, heritability, and character relationship 
among yield, yield attributing and grain quality parameters in BC3F2 of CO 52 x APD19002 population. In the current 
study, number of total tillers per plant, number of productive tillers per plant, flag leaf length, number of filled grains per 
panicle and single plant yield showed high PCV and GCV. It became evident that there exists a highly significant and 
positive association between single plant yield and number of productive tillers per plant followed by number of tillers, 
flag leaf length, plant height, spikelet fertility and test weight. The path coefficient analysis showed that number of 
productive tillers per plant had high positive direct effect on single plant yield followed by flag leaf length, kernel length, 
KBAC and LER. The results indicate the number of productive tillers per plant and flag leaf length were identified as the 
key contributing traits as they are highly heritable and simultaneous consideration of these traits is important for crop 
improvement. It implies that flag leaf provides more photosynthates to grains along with number of productive tillers 
per plant which in turn increases the grain yield.
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INTRODUCTION
Rice is the second most widely grown cereal crop in the 
world and it is known to be staple food source for more than 
half of the world’s population. This makes it a key player 
to fight against world hunger (Salleh et al., 2022). Rice 
signifies sustenance for human beings, particularly in the 
Asian subcontinent, which is considered as “Rice Basket” 
of the world, as it covers 90 percent of the globe’s rice 
area (Alshiekheid et al., 2023).  The phrase “rice is life” is 
most appropriate in the case of India because it provides 
the foundation of livelihood for millions of rural families 
and is crucial to the nation’s food security (Mahajan et al., 
2017). Rice yield is a complex trait that is influenced by 
many factors, including morphological and physiological 
characteristics. The yield levels of existing rice varieties 

have plateaued in recent years. This is due to a number 
of factors, including climate change, soil health issues, 
and suboptimal crop management practices. In order 
to sustain rice production, it is important to develop rice 
varieties with increased yield potential in both adverse 
and normal conditions (Lipi et al., 2020). 

The presence of variability for the aimed trait and the 
skill of the plant breeder during selection determines the 
success of plant breeding activities (Adhikari et al., 2018). 
Plant breeders must consider different types of genetic 
variability parameters, viz., the genotypic coefficient of 
variability (GCV), the phenotypic coefficient of variability 
(PCV), heritability, and genetic advance, when developing 
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new varieties. Correlation and path coefficients are 
statistical tools that can be used to understand the 
relationships between different traits (Bitew et al., 2023). 
Correlation coefficients measure the strength of the 
relationship between two traits, while path coefficients 
measure the direct and indirect effects of one trait on 
another. Both analyses used to identify the important 
traits and superior genotypes (Islam et al., 2020).

Breeders must comprehend the degree of variation, 
inheritance and association of key agronomic traits. 
Hence, the aim of the present study was to analyse the 
degree of genetic variation, heritability and character 
relationship among yield and yield-attributing parameters 
in BC3F2 of CO 52×APD 19002 population.

MATERIALS AND METHODS
The present research was conducted in Department of Rice 
during Summer 2023 in order to assess the existence and 
range of genetic variability in BC3F2 plants. Department 
of Rice situated in TNAU, Coimbatore is located at an 
altitude of 426.72 m above the mean sea level and at a 
latitude of 11o N and longitude of 77o E. A total of 534 BC3F2 
plants from the cross CO 52 x APD19002 which harbours 
the two most important abiotic stress tolerant QTLs such 
as salinity (Saltol) and drought (qDTY1.1 and qDTY2.1)  
were involved in this study. Fourteen quantitative traits 
viz., plant height (cm), days to first flowering (days), 
chlorophyll content index (using Chlorophyll content 
meter), flag leaf length (cm), total number of tillers per 
plant, number of productive tillers per plant, panicle length 
(cm), number of filled grains per panicle, spikelet fertility 
(%), thousand grain weight (g) and single plant yield (g) 
were observed on single plant basis. Similarly, eight grain 
quality parameters such as kernel length before cooking 
(mm), kernel breadth before cooking (mm), kernel length 
– breadth ratio (L/B), kernel length after cooking (mm), 
kernel breadth after cooking (mm), linear elongation ratio 
(LER), breadth wise expansion ratio (BER) and alkali 
spreading value (ASV) were also recorded for each 
plant as per IRRI SES-1993. Genetic parameters were 
analysed using Statistical Tool for Agricultural Research 
(STAR - Version: 2.0.1). The environmental variance was 
determined from parents which are raised in replicated. 
The formula proposed by Lush (1940) were used to 
determine the broad sense heritability while genetic 
advance in mean percent was calculated by the technique  
Johnson et al. (1955). Correlation and path analysis 
were done by using TNAUSTAT (Manivannan, 2014) and 
Grapes KAU, respectively. 

RESULTS AND DISCUSSION
In terms of crop improvement, the estimation of genetic 
diversity variability and association studies are its mean 
performances became more important inevitable factors 
for any crop improvement programme. Eleven biometrical 
and eight grain quality features traits found in the BC3F2 

segregating population underwent genetic analysis, 
correlation studies and path analysis. 

In this study, the GCV was slightly lower than the PCV for 
most of the traits (Table 1). This indicates the relatively 
small effect of environmental factors on the variation of 
these traits. However, the narrow difference between 
PCV and GCV suggests that the genotypes of the plants 
had a significant influence on the expression of these 
traits. High PCV and GCV were observed for the traits 
viz., total number of tillers, number of productive tillers 
per plant, flag leaf length, number of filled grains per 
panicle and single plant yield. Traits with high PCV and 
GCV are likely to be under additive gene action, which 
means that the effects of genes on the traits are additive. 
The additive nature of these traits provides an opportunity 
for selection. These results are consistent with the 
findings of Manojkumar et al. (2022), Basu et al. (2022),  
Thúy et al. (2022), Prathiksha et al. (2022) Almas  
Fathima et al. (2021) and Somtochukwu et al. (2021). 
Moderate PCV was found in traits like plant height and 
panicle length which were in accordance with Manojkumar 
et al. (2022). Moderate GCV was observed in spikelet 
fertility and alkali spreading value (ASV). Such traits can 
be improved through selection in later generations. Low 
PCV and GCV were observed for test weight, kernel length 
before cooking (KLBC), kernel breadth before cooking 
(KBBC), kernel length – breadth ratio, kernel length after 
cooking (mm), kernel breadth after cooking (mm), linear 
elongation ratio and breadth wise expansion ratio. Low 
GCV and PCV were due to the narrow genetic base. 
These characteristics can be improved by broadening the 
genetic pool using hybridization or induced mutagenesis, 
combined with pedigree selection in subsequent 
generations. These results are in agreement with by 
Srihari et al. (2023) and Prathiksha et al. (2022). The 
consideration of both PCV and GCV holds significance 
in the selection process because specific genes manifest 
themselves when favourable environmental conditions 
prevail (Singh et al., 1974).

Traits such as number of productive tillers, flag leaf 
length, ASV and single plant yield displayed high 
heritability coupled with high genetic advance as percent 
of mean (GAM). These characters are governed by 
additive gene action with less environmental influence 
and selection will be rewarding. Similar findings were 
reported by Srihari et al. (2023) and Kulsum et al. 
(2022) for flag leaf length; Manojkumar et al. (2022) and  
Prathiksha et al. (2022) for number of productive tillers 
and single plant yield; Sao and Gauraha, (2020) and 
Basu et al. (2022) for ASV. High heritability and moderate 
genetic advance as per cent of mean was observed for 
kernel length after cooking (KLAC). High heritability and 
moderate GAM are the outcome of both additive and 
non-additive gene action for the trait. High heritability 
accompanied with low GAM was observed in kernel 



EJPB

1120https://doi.org/10.37992/2023.1403.134

                                                     Kalaivani et al.,

Table 1. Estimates of genetic parameters for yield, yield attributing and grain quality traits

Characters Mean Range VP VG PCV  
(%)

GCV  
(%)

Heritability 
(%)

GA GAM Skewness Kurtosis

PH (cm) 105.00 24.40 12.85 4.44 12.24 4.23 34.53 9.14 8.70 -1.54** 5.55**
DFF 96.11 30.00 21.56 5.60 22.43 5.83 25.97 11.54 12.00 1.61** 3.80**
CCI 19.94 9.60 6.86 1.35 34.39 6.77 19.70 2.78 13.95 0.001 -1.12**
NT 19.43 37.00 35.86 16.50 184.55 84.93 46.02 34.00 174.95 0.72** 1.04**
NPT 14.69 31.00 25.21 16.29 171.62 110.88 64.61 33.55 228.42 0.68** 0.44**
FLL (cm) 31.26 24.00 20.19 14.80 64.59 47.34 73.29 30.49 97.51 0.72** 0.15**
PL (cm) 25.99 13.14 3.34 1.87 12.87 7.19 55.90 3.85 14.82 -0.32** -0.12**
FGPP 214.20 168.00 1237.55 703.27 577.75 328.32 56.83 1448.75 676.34 -0.03 -0.99**
SF (%) 75.43 39.53 59.87 9.74 79.38 12.91 16.27 20.06 26.60 -0.38** -0.48**
TW (g) 13.89 3.64 0.57 0.31 4.07 2.25 55.16 0.64 4.63 0.069** -0.860**
KLBC (mm) 5.49 1.60 0.08 0.06 1.50 1.10 73.71 0.12 2.27 -1.45** 1.80**
KBBC (mm) 1.72 0.80 0.02 0.01 1.16 0.47 40.54 0.02 0.97 0.09** 1.09**
L/B 3.21 2.29 0.09 0.02 2.90 0.48 16.63 0.03 0.99 -0.18** 1.88**
KLAC (mm) 7.37 3.20 0.60 0.57 8.16 7.80 95.64 1.18 16.07 0.08** -0.71**
KBAC (mm) 2.92 1.51 0.09 0.01 3.15 0.21 6.59 0.01 0.43 0.03** -0.61**
LER 1.34 0.50 0.01 0.01 0.68 0.64 93.78 0.02 1.32 0.26** -0.56**
BER 1.70 0.92 0.03 0.02 1.72 1.13 65.72 0.04 2.33 0.27** -0.45**
ASV 2.89 3.00 0.69 0.45 23.93 15.61 65.24 0.93 32.16 -0.30** -0.56**
SPY (g) 33.60 55.27 82.49 72.00 245.47 214.26 87.29 148.32 441.38 0.90** 1.31**

**. Significant at the 0.01 level
PH - Plant Height, DFF - Days to first flowering, CCI – Chlorophyll content index,  NT - Number of total tillers per plant, NPT - Number 
of Productive Tillers per plant, FLL - Flag leaf length, PL - Panicle Length, FGPP - Filled Grain Per Panicle, SF - Spikelet Fertility, TW 
- Test weight, KLBC - Kernel Length Before Cooking, KBBC - Kernel Breadth Before Cooking, L/B ratio - Length Breadth Ratio, KLAC 
- Kernel Length After Cooking , KBAC - Kernel Breadth After Cooking, LER - Linear Elongation Ratio, BER - Breadth wise Expansion 
Ratio, ASV - Alkali Spreading Value, SPY - Single Plant Yield, VP - Phenotypic variation, VG - Genotypic variation, PCV - Phenotypic 
coefficient of variation, GCV - Genotypic coefficient of variation, GA - Genetic Advance, GAM - Genetic Advance as percentage of 
mean

length before cooking, linear elongation ratio and breadth 
wise expansion ratio. This indicates non additive gene 
action and selection for such traits may not be effective. 
Moderate heritability and high GAM were observed in 
number of tillers. Traits like plant height, panicle length, 
test weight and KBBC showed moderate heritability and 
low GAM. Low heritability and high GAM were observed 
for spikelet fertility. It reveals that Spikelet fertility was 
governed by few additive genes and selection will be 
rewarding. Low heritability and low GAM were observed 
in days to first flowering, chlorophyll content index, L/B 
ratio and kernel breadth after cooking (KBAC). Similar 
findings were reported by Prathiksha et.al (2022) for L/B 
ratio and KBAC, Seneega et al. (2019) for KLBC and Sala 
and Geetha (2015) for LER and BER.

Frequency distribution of yield, yield attributing and quality 
traits were depicted (Fig. 1.)Significant positive skewness 
was observed for days to first flowering, total number of 
tillers, number of productive tillers, flag leaf length, test 
weight, KBBC, KLAC, KBAC, LER, BER and single plant 

yield. A significant positive skewness and leptokurtic 
nature of distribution was noticed for days to first 
flowering, total number of tillers, KBBC and single plant 
yield which provides an opportunity for selecting superior 
segregants. Similar findings were reported by Nirubana 
et al. (2019) for days to first flowering, total number of 
tillers and single plant yield. Significant negatively skewed 
leptokurtic distribution was detected in plant height, KLBC 
and L/B. ASV showed significant negative skewness 
and platykurtic distribution. It infers that the chance of 
dominance and dominance based duplicate epistasis. 
Which infers that more than one gene governs such trait. 
These results are consistent with the findings of Nirubana 
et al. (2019) and Nikhitha et al. (2020).

Correlation studies offer breeders a valuable insight 
into the relationships among different traits, which 
in turn assist in the identification and selection of 
superior genotypes. Consequently, gaining a deeper 
comprehension of how these attributes relate to individual 
plant yield would enhance the precision and accuracy of 
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 Fig. 1. Frequency distribution of yield, yield attributing and quality traits in BC3F2 

 

 

Fig. 1. Frequency distribution of yield, yield attributing and quality traits in BC3F2
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selection, with these traits serving as effective indicators 
for the process. Phenotypic correlations among the traits 
were presented (Table 2). It became evident that there 
exists a notably highly significant and positive association 
between single plant yield and the number of productive 
tillers per plant followed by total  number of tillers, flag 
leaf length, plant height, spikelet fertility per cent and 
test weight. These results were in accordance with  
Thúy et al. (2022) and Prathiksha et al. (2022) 
for number of productive tillers and plant height;  
Somtochukwu et al. (2021) and Kalaiselvan et al. (2019) 
for test weight; Swapnil et al. (2020) and Almas Fathima 
et al. (2021) for number of tillers and Muthuvijayaragavan 
and Jebaraj (2022) for spikelet fertility. To improve the 
single plant yield it requires simultaneous improvement 
of associated traits viz., number of productive tillers, 
total number of tillers, flag leaf length, plant height, 
spikelet fertility and test weight. The same results were 
highlighted by Islam et al. 2020. Plant height have highly 
significant positive correlation with number of tillers, 
number of productive tillers per plant and flag leaf length. 
Comparative findings reported by Patel et al. (2023) 
and Priyanka et al. (2019) for productive tillers, single 
plant yield and Seneega et al. (2019) for kernel breadth, 
L/B ratio. Number of productive  tillers per plant have 
highly significant positive correlation with plant height, 
number of tillers, flag leaf length, spikelet fertility, test 
weight and single plant yield. Panicle length have highly 
significant positive correlation with days to first flowering, 
filled grain per panicle and spikelet fertility. From these 
results it clearly showed that flag leaf length provides 
high photosynthetic energy which in turn increases the 
number of filled grains per panicle and spikelet fertility. 
These traits are increasing the grain yield indirectly and 
therefore simultaneous consideration of these traits is 
important for crop improvement.

Among the cooking quality traits KLBC have highly 
significant positive correlation with L/B ratio, KLAC, LER 
and BER whereas it showed highly significant negative 
correlation with KB. KB has highly significant positive 
correlation with KBAC and highly significant negative 
correlation with L/B ratio, KLAC, LER and BER. KLAC 
have highly significant positive correlation with L/B ratio, 
LER and BER and highly significant negative correlation 
with KBBC and KBAC. KBAC have highly significant 
positive correlation with and BER whereas it showed 
highly significant negative correlation with spikelet 
fertility, L/B ratio, KLAC and LER. LER and BER had 
highly significant positive correlation with L/B ratio. In the 
present investigation the related findings were carried out 
by Patel et al. (2023) and Seneega et al. (2019).

Path coefficient analysis is used to study the direct and 
indirect effects of individual yield components on yield. 
This information can help breeders to focus on the 
traits that have the greatest impact on yield, so they 
can spend less time and resources on less important 

traits. The path coefficient analysis showed that number 
of productive tillers per plant had the highest positive 
direct effect on grain yield (Table 3). Similar findings 
were reported by Singh et al., (2020), Prathiksha et al. 
(2022), Muthuvijayaragavan and Murugan (2020) and 
Priyanka et al. (2019). The traits viz., flag leaf length, 
kernel length, KBAC and LER showed moderate level of 
direct positive effects on grain yield. High level of negative 
direct effect was observed in KLAC on grain yield which 
is in accordance with Prathiksha et al. (2022).The high 
positive indirect effect was recorded by number of tillers, 
flag leaf length and spikelet fertility percentage on the 
single plant yield via number of productive tillers per plant. 
High negative indirect effect was recorded by kernel 
length via KLAC. The residual effect (0.2418) in path 
analysis revealed that the independent factors explained 
over 76 percent of the variability in grain yield, signifying 
most of the essential yield components were taken into 
consideration.

From this study, based on the results of all the analyses, 
the number of productive tillers per plant and flag leaf 
length are recognized as the key traits as they are 
highly heritable and simultaneous consideration of these 
traits is important for crop improvement. It implies that 
flag leaf provides more photosynthates to grains along 
with number of productive tillers per plant which in turn 
increases the grain yield.
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