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ABSTRACT: Yield in rice is a complex trait influenced by multiple genes and environmental factors. This 

complexity makes it difficult to pinpoint the exact genetic variants responsible for differences in yield. It's 

essential to carefully control and minimize environmental noise in the phenotype data. The BC2F2 population 

of ADT43 × RP-Bio-Patho-2 was used for the present experiment. Through genotypic correlation coefficient 

and path analysis, sixteen quantitative variables from 58 genotypes were evaluated in this study. The genetic 

correlation between two traits is quantified by the genotypic correlation coefficient. The results of the 

experiment showed that there is potential to concurrently enhance the number of productive tillers, the 

number of filled grains per panicle, and the number of grains per panicle features to raise grain yield per 

plant, as indicated by the significant and positive correlation between the traits. The investigation of the 

direct and indirect relationships between variables in a complex system is conducted using path coefficient 

analysis. It facilitates comprehension of the contributions of several factors to the variation in a target 

variable by dividing the entire effect into its direct and indirect components. Based on path analysis, the 

number of productive tillers per plant, number of grains per panicle, and number of filled grains per panicle 

had a significant positive direct impact on grain yield; thus, this characteristic needs to be given top priority 

during selection. 
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INTRODUCTION 

The grass family Poaceae includes rice. Oryza sativa, 

sometimes known as Asian rice, and Oryza glaberrima, 

often known as African rice, are the two most widely 

grown varieties of rice. The two subspecies of Oryza 

sativa, indica, and japonica, each have their distinctive 

traits. A sizeable majority of the world's population 

receives crucial nutrients and energy from rice in 

addition to being an important source of carbs. Energy-

giving carbs can be found in rice. It also has a low fat 

content and vital nutrients including iron, thiamine, and 

niacin (Mohidem et al., 2022). However, depending on 

the type and processing technique, the nutritional value 

can change.  

Although there are many kinds of rice, they can be 

essentially divided into two groups: long-grain and 

short-grain. The size, shape, flavor, and texture of these 

types vary. Popular varieties include sushi, basmati, 

jasmine, and arborio rice. More than half of the world's 

population relies on rice as a staple grain, particularly in 

nations like China, India, Indonesia, and many African 

countries. It is essential to ensure food security and 

reduce poverty in many regions of the world. The world 

economy benefits significantly from the rice sector. Pest 

and disease infestations, disease outbreaks, water 

scarcity, and the effects of climate change all pose 

problems for rice farming (Priyadarshini et al., 2018). 

Sustainable rice farming techniques and more resilient 

rice cultivars are constantly being developed by 

scientists and farmers. 

Studies on variation also concentrate on locating rice 

plants that have resistance or tolerance to pests and 

illnesses. Using this knowledge can help breeders create 

rice types that are naturally resistant to common rice 

diseases, cutting down on the use of chemical pesticides. 

To create new, improved rice varieties that can meet the 

changing needs of agriculture, food security, and 
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sustainability, variability studies in rice are an essential 

part of rice research and breeding operations. This 

research contributes to ensuring that rice remains an 

essential staple crop for populations around the world.  

The genotypic correlation coefficient is a statistical 

indicator that is employed in quantitative genetics and 

genetics to quantify the degree of relationship or 

correlation between the genotypic values of two distinct 

traits or features in individuals within a population. In 

other words, it evaluates the genetic link between two 

traits. For analyzing and measuring the complicated 

interactions between variables in complex systems, path 

coefficient analysis is a useful method that enables 

researchers to learn more about the variables influencing 

observed results. Path co-efficient analysis assists in the 

distribution of correlation coefficient into direct and 

indirect effects of traits on yield, thereby helping the 

breeders to hand-pick the needed components of superior 

genotypes. The present study was taken to determine the 

genotypic correlation coefficient, and the path co-

efficient analysis for grain yield and its components, in 

BC2F2 generation. 

MATERIALS AND METHODS: 

Plant materials and crossing strategy: The V.O.C. 

Agricultural College and Research Institute, Killikulam, 

was the site of the experimental study. We selected 

ADT43, a common variety that is medium slender, short 

in duration, and particularly vulnerable to blast and 

bacterial blight diseases, as a recurrent parent. In the 

marker-assisted selection backcross breeding procedure, 

RP-Bio-Patho-2, a near-isogenic line of Samba Mahsuri 

that carries both blast and bacterial blight disease 

resistance genes was used as donor parent. Through 

foreground selection employing both gene-specific STS 

markers, the heterozygous F1s with both blast and 

bacterial blight resistance genes were chosen. The BC1F1 

generation was generated by further backcrossing the 

double-positive F1s with the recurrent parent ADT43. 

Further heterozygosity for both genes was confirmed, 

and background selection was carried out to the double 

positives to maximize recurrent parent genome recovery. 

To create the BC2F1 population, the double positive line 

with the highest RPG was chosen and further 

backcrossed with the recurrent parent. The same method 

mentioned above was used to expose the BC2F1 

population to choose double positive lines with the 

highest RPG. To create BC2F2 generation, the chosen 

lines were selfed. 

Data collection: Random selection of single plants was 

followed and data on plant height (cm), number of 

productive tillers, panicle length (cm), number of grains 

per panicle, filled grains per panicle, thousand-grain 

weight (g), grain length (mm), grain width (mm), grain 

length/breadth ratio, kernel length before cooking (mm), 

kernel length after cooking (mm), kernel length/breadth 

before cooking, kernel length after cooking (mm), kernel 

length after cooking (mm), kernel elongation ratio after 

cooking and grain yield per plant (g) were taken.  

 

 

 

Quantitative genetic parameters and statistical 

analysis: 

Microsoft Excel and TNAU stat statistical software were 

employed for the computation of genotypic correlation 

coefficient, and path analysis of quantitative traits. 

1. Genotypic correlation coefficient: The correlation 

coefficient was estimated as suggested by Miller et 

al.(1958), and Johnson et al.(1955). 

Genotypic correlation co-efficient (rg) = 
Cov

g 1.2

√σg  
2 1 x σg  

2 2 
 

  

Where, 

Covg 1.2 = Genotypic covariance of traits 1 and 2 

σg
2 1 = Genotypic variance of trait 1 

σg
2 2 = Genotypic variance of trait 2 

The below formula was used to ‘t’ value to find the 

significance of the correlation. 

   tcal = 
𝑟

𝑆𝐸
 

where, 

r = correlation coefficient  

SE = standard error 

Both the calculated ‘t’ value and table ‘t’ values at 5% 

and 1% levels of significance at n-2 df were compared to 

find the significance. Searle (1965) divided the 

correlation coefficient into the following categories to 

make indirect selection more effective than direct 

selection.  

 
Value Scale 

< 0.30 Very weak 

0.30 – 0.49 Moderately weak 

0.50 – 0.64 Moderately strong 

> 0.64 Very strong 

 

2. Path co-efficient analysis: Grain yield per plant was 

considered as a dependent variable whereas other 

characters were considered as independent variables or 

predictors while assessing path co-efficient analysis. As 

suggested by Dewey and Lu (1959), the influence of 

independent variables either directly or indirectly was 

evaluated by, 

r1y = P1Yr11 + P2Yr12 + P3Yr13 + …………………. + PnYr1n 

r2y = P1Yr21 + P2Yr22 + P3Yr23 + ………………… + PnYr2n 

… =  ……… + ………. + ……… + ………………  + 

……… 

rny = P1Yrn1 + P2Yrn2 + P3Yrn3 + ……………… + PnYrnn

       

Where,  

1, 2, ………n = Independent variables 

Y = Dependent variable (grain yield per plant) 

r1y, r2y, …. rny = Correlation coefficient of variation 

between independent     

and dependent variables 

P1Y, P2Y, …… PNy  = Direct effects of characters 1 to n 

on ‘Y’ 

To calculate the residual effects which are the 

contributions of characters not taken in the study, the 

following formula was used. 

Residual effect  

= √(1 − 𝑟1𝑌𝑃𝑛𝑌 + 𝑟2𝑛𝑃𝑛𝑌 + ⋯ + 𝑟𝑛𝑌𝑃𝑛𝑌) 
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Scale of path analysis by Lenka and Mishra (1973): 

 

Scale 
Value of direct and 

indirect effects 

Negligible 0.00 to 0.09 

Low 0.10 to 0.19 

Moderate 0.20 to 0.29 

High 0.30 to 0.99 

Very high > 1.00 

RESULTS AND DISCUSSION 

Genotypic correlation coefficient: The genotypic 

correlation coefficient is used to quantify to which 

degree, magnitude, and direction of various components 

influencing the main character are associated with each 

other. Hence indirect selection of characters contributing 

to yield becomes the basis for the assortment of 

genotypes with high yield potential. The genotypic 

correlation coefficient is the genotypic connection 

between two characters and thereby envisages the 

indirect effects of the characters on the dependent 

character taken in the study. The genotypic correlation 

coefficient can range from -1 to 1. The genetic factors 

that raise one trait similarly increase the other trait, 

according to a value of 1, which denotes a perfect 

positive genetic association. A result of -1 denotes a 

perfect negative genetic correlation, in which the genetic 

components that boost one feature also lower the other. 

A value of 0 denotes the absence of any genetic link; the 

genetic components influencing one attribute have no 

bearing on the other. The genotypic correlation 

coefficient of yield and its contributing characters are 

given in Table 1 and Figs. 1 & 2.  

The significant and positive association between yield 

and its contributing traits such as number of productive 

tillers per plant, number of grains per panicle, number of 

filled grains per panicle, and kernel length before 

cooking displayed the improvement of the characters 

along with the grain yield per plant during selection. 

Whereas grain yield per plant was significant and 

negatively intercorrelated with kernel elongation ratio 

after cooking. 

The number of filled grains per panicle showed a 

positive and significant correlation with characters' 

thousand-grain weight, grain length, and kernel length 

before cooking and a negative correlation with kernel 

elongation ratio after cooking. Hence filled grains per 

panicle were insignificantly intercorrelated with all other 

traits taken under study. Also, the number of productive 

tillers per plant exhibited a significantly positive 

correlation with grain L/B ratio and kernel L/B ratio 

before cooking traits, however negatively significant 

with grain breadth and kernel elongation ratio after 

cooking. It showed an insignificant correlation at the 

genotypic level with the other traits. Significant positive 

correlation of kernel length before cooking with grain 

L/B ratio and grain length; grain breadth with kernel 

breadth after cooking. 

From the table, it was found that plant height and panicle 

length had a significant and positive association with the 

number of grains per panicle and number of filled grains 

per panicle; thousand-grain weight was significant and 

positively associated with grain length, grain breadth, 

and kernel breadth after cooking characters. Apart from 

the above-mentioned characters, panicle length had a 

significant and positive association with plant height too. 

Table 1: Correlation coefficients for grain yield and yield components in BC2F2 population of ADT 43 X RP-

Bio-Patho-2. 

Traits PH NPT PL NGP FGP TGW GL GB G L/B KLBC KBBC L/B BC KLAC KBAC ERAC GYP 

PH 1.000 0.014 0.627** 0.461** 0.515** 0.211 0.101 0.104 -0.048 0.121 0.022 0.065 0.091 0.127 -0.057 0.200 

NPT  1.000 0.114 0.077 0.191 -0.223 0.092 -0.409** 0.395** 0.223 -0.185 0.285* -0.051 -0.090 -0.287* 0.780** 

PL   1.000 0.607** 0.676** 0.241 0.220 -0.024 0.108 0.138 -0.118 0.164 -0.005 0.204 -0.159 0.307 

NGP    1.000 0.940** 0.357** 0.210 0.124 -0.017 0.171 0.130 0.000 -0.094 0.282* -0.253 0.356** 

FGP     1.000 0.336* 0.277* 0.033 0.089 0.276* 0.022 0.139 -0.025 0.230 -0.312* 0.437** 

TGW      1.000 0.477** 0.519** -0.256 0.032 0.210 -0.188 -0.115 0.411** -0.138 0.028 

GL       1.000 -0.032 0.426** 0.322* 0.018 0.153 0.116 0.149 -0.250 0.156 

GB        1.000 -0.912** -0.157 0.246 -0.323* -0.097 0.352** 0.096 -0.197 

G L/B         1.000 0.261* -0.215 0.347** 0.119 -0.252 -0.188 0.222 

KLBC          1.000 0.057 0.546** 0.459** -0.224 -0.665** 0.274* 

KBBC           1.000 -0.782** 0.036 0.171 -0.036 0.066 

L/B BC            1.000 0.201 -0.333* -0.397** 0.109 

KLAC             1.000 0.043 0.356** -0.035 

KBAC              1.000 0.271* 0.097 

ERAC               1.000 -0.321* 

GYP                1.000 

 

The number of grains per panicle showed a positively 

significant association with the number of filled grains 

per panicle, thousand-grain weight per plant, and kernel 

breadth after cooking. The kernel L/B ratio before 

cooking presented a negatively significant 

intercorrelation with kernel breadth before cooking and 

kernel breadth after cooking however the grain L/B ratio 

showed a positively significant association with kernel 

length before cooking and kernel L/B ratio before 

cooking characters.  

Further, kernel elongation ratio after cooking has a 

positively significant association with kernel length after 

cooking and kernel breadth after cooking while it had a 

negatively significant association with kernel length 

before cooking and kernel L/B ratio before cooking. It 

was also found that grain breadth had a significantly 

negative association with grain L/B ratio and kernel L/B 

ratio before cooking; kernel length before cooking had a 

significantly positive association with kernel L/B ratio 

before cooking and kernel length after cooking.  

Reports were given by Roy et al. (2015); Abhilash et al. 

(2018); Seneega et al. (2019); Shet et al.(2012); Priyanka 

et al.(2019); Shahid et al.(2019); Fathima et al.(2021); 

Manojkumar et al. (2022) for the number of productive 

tillers per plant and number of filled grains perpanicle 

showed positively significant association with grain 

yield per plant in their experiments.



Sowmiya   et al.,               Biological Forum – An International Journal     15(10): 221-227(2023)                                   224 

 

Fig. 1. Correlogram of the sixteen characters. 

 
Fig. 2. Pairs plot based on genotypic correlation coefficients in sixteen characters. 

Hence selection based on the number of productive 

tillers per plant, number of filled grains per panicle, and 

kernel length before cooking will indirectly focus on 

high-yielding genotypes. Yet, selection based on kernel 

elongation ratio after cooking will lead to the selection 

of high-yielding and slender grain type genotypes since 

it showed a negatively significant association with grain 

yield per plant. 
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Table 2: Direct and indirect effects for yield component traits in BC2F2 population of ADT43 X RP-Bio-Patho-

2. 

Traits PH NPT PL NGP FGP TGW GL GB 
G 

L/B 
KLBC KBBC 

L/B 

BC 
KLAC KBAC ERAC GYP 

PH 0.026 0.011 0.056 -0.066 0.155 0.036 0.054 -0.147 0.073 0.292 0.008 0.010 -0.181 0.008 -0.134 0.200 

NPT 0.000 0.793 0.010 -0.011 0.057 -0.038 0.049 0.578 
-

0.597 
0.541 -0.062 0.042 0.103 -0.006 -0.680 0.780** 

PL 0.017 0.090 0.089 -0.087 0.204 0.041 0.117 0.034 
-

0.163 
0.334 -0.040 0.024 0.011 0.013 -0.377 0.307 

NGP 0.012 0.061 0.054 -0.143 0.283 0.060 0.112 -0.176 0.026 0.415 0.044 0.000 0.189 0.018 -0.598 0.356** 

FGP 0.014 0.151 0.060 -0.135 0.301 0.057 0.147 -0.047 
-

0.135 
0.668 0.007 0.021 0.051 0.015 -0.739 0.437** 

TGW 0.006 -0.177 0.022 -0.051 0.101 0.169 0.253 -0.734 0.388 0.079 0.071 
-

0.028 
0.231 0.026 -0.326 0.029 

GL 0.003 0.073 0.020 -0.030 0.083 0.081 0.530 0.045 
-

0.643 
0.780 0.006 0.023 -0.232 0.010 -0.592 0.156 

GB 0.003 -0.324 -0.002 -0.018 0.010 0.088 -0.017 -1.413 1.378 -0.380 0.083 
-

0.048 
0.194 0.023 0.227 -0.197 

G L/B -0.001 0.313 0.010 0.002 0.027 -0.043 0.226 1.288 
-

1.512 
0.632 -0.072 0.051 -0.239 -0.016 -0.444 0.222 

KLBC 0.003 0.177 0.012 -0.025 0.083 0.006 0.171 0.221 
-

0.394 
2.425 0.019 0.081 -0.918 -0.014 -1.573 0.274* 

KBBC 0.001 -0.147 -0.011 -0.019 0.007 0.036 0.010 -0.348 0.325 0.138 0.337 -0.116 -0.072 0.011 -0.085 0.066 

L/B BC 0.002 0.226 0.015 0.000 0.042 -0.032 0.081 0.456 
-

0.525 
1.323 -0.263 0.148 -0.403 -0.021 -0.939 0.109 

KLAC 0.002 -0.041 -0.001 0.014 -0.008 -0.020 0.062 0.137 
-

0.180 
1.112 0.012 0.030 -2.001 0.003 0.843 -0.035 

KBAC 0.003 -0.072 0.018 -0.040 0.069 0.070 0.079 -0.497 0.380 -0.542 0.058 
-

0.049 
-0.085 0.064 0.642 0.098 

ERAC -0.002 -0.228 -0.014 0.036 -0.094 -0.023 -0.133 -0.135 0.284 -1.612 -0.012 
-

0.059 
-0.713 0.017 2.366 -0.321* 

 
1-Plant Height; 2-Number of Productive tillers per plant; 3-Panicle Length; 4-Number of Grains per panicle; 5-Number of Filled 

grains per panicle; 6-Thousand grain weight; 7-Grain Length; 8-Grain Breadth; 9-Grain L/B ratio; 10-Kernel Length before 

cooking; 11-Kerenel Breadth before cooking; 12- Kernel L/B ratio before cooking; 13- Kerenl Length after cooking; 14-Kernel 

Breadth after cooking; 15- Kerenl Elongation Ratio after cooking; 16-Grain yield per plant 

Fig. 3. Diagrammatic representation of direct and indirect effects of independent traits on dependent trait viapath 

coefficient analysis in BC2F2 population. 

Path coefficients analysis: With the help of path 

coefficient analysis, correlation coefficients can be 

divided into direct and indirect effects, character 

relationships can be depicted more accurately, and the 

main factors influencing grain yield can be identified. 

Gaining those essential qualities can increase yield. 

Direct effects are those between two variables when 

there are no intermediary variables. The effects of one 

variable on another variable through one or more 

intermediary variables are known as indirect effects. 

Table 3 displays the direct and indirect effects of several 

quantitative features from the results of the current 

investigation. The residual effect of 0.4684 indicated that 

about 53.2% of variability for grain yield per plant and 

other traits were studied in the present investigation. A 

Schematic representation of path coefficient analysis is 

given in Fig. 3. 

The direct and indirect effects of predictor traits on yield 

are presented in Table 3. The predictor traits number of 

productive tillers per plant, number of grains per panicle, 

number of filled grains per panicle, and kernel length 

before cooking showed a significant positive effect on 

grain yield per plant at the genotypic level whereas 

kernel elongation ratio after cooking showed significant 

negative effect at the genotypic level on grain yield per 

plant. The yield attributing traits such as plant height, 
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panicle length, thousand-grain weight, grain length, 

grain L/B ratio, kernel breadth before cooking, kernel 

L/B ratio before cooking, and kernel breadth after 

cooking showed a positive insignificant effect on grain 

yield per plant in the present study but grain breadth and 

kernel length after cooking showed a negative 

insignificant effect on grain yield per plant. 

The breakdown of direct and indirect effects of path 

analysis exposed that the highest positive direct effect 

was discovered in kernel length before cooking (2.425), 

followed by kernel elongation ratio after cooking 

(2.366), number of productive tillers per plant (0.793), 

grain length (0.530) and kernel breadth before cooking 

(0.337) at the genotypic level. The highest negative 

direct effect of kernel length after cooking (-2.001), 

tailed by grain L/B ratio (-1.512) and grain breadth (-

1.413) on grain yield per plant was detected. 

A very high indirect positive effect of grain L/B ratio 

through grain breadth, kernel length before cooking 

through kernel L/B ratio before cooking, and kernel 

length after cooking on grain yield per plant was 

estimated at the genotypic level. Positive high indirect 

effects of kernel elongation ratio after cooking via kernel 

length after cooking and kernel breadth after cooking, 

kernel length before cooking utilizing grain length, 

number of filled grains per panicle, grain L/B ratio, 

number of productive tillers per plant, number of grains 

per panicle, and panicle length on grain yield per plant 

was found. Further, a high indirect positive effect of 

grain breadth through the number of productive tillers 

per plant and kernel L/B ratio before cooking and grain 

L/B ratio through kernel breadth after cooking and 

thousand-grain weight on yield was detected.  

An indirect negative very high effect of kernel length 

before cooking through kernel elongation ratio after 

cooking on yield per plant was observed. High negative 

indirect effects of kernel elongation ratio after cooking 

through kernel L/B ratio before cooking, number of 

filled grains per panicle, number of productive tillers per 

plant, grain length, number of grains per panicle, and 

grain L/B ration on yield per plant was found. Added, 

high negative indirect effects of kernel length after 

cooking on yield through kernel length before cooking 

and kernel elongation ratio after cooking; grain breadth 

via thousand-grain weight and kernel breadth after 

cooking; and grain L/B through grain length, number of 

productive tillers per plant and kernel L/B ratio before 

cooking on grain yield per plant was unveiled.  All the 

other predictor traits showed moderate to negligible 

negative indirect effects through the other independent 

traits on the dependent trait, grain yield per plant.  

Reports of Aditya and Bhartiya (2013); Saha et al. 

(2019) were similar to our present investigation. 

Additionally, Sameera et al. (2014); Kishore et al. 

(2015); Manojkumar et al. (2022) reported a low direct 

effect of the number of filled grains per panicle on yield 

per plant. Shet et al. (2012); Kishore et al. (2015); 

Abhilash et al. (2018); Priyanka et al. (2019); Saha et al. 

(2019); Seneega et al. (2019); noticed a highly positive 

effect of for the number of productive tillers per plant on 

grain yield. 

Bhadru et al. (2012), Nagaraju et al.(2013); Sameera et 

al. (2014); Padmaja et al. (2011) exposed that thousand-

grain weight had indirect positive effects on yield per 

plant. Shet et al.(2012); Seneega et al. (2019); Shahid et 

al. (2019); sighted low to negligible direct effect of 

panicle length on yield per plant contrary to the present 

study. These characteristics, FG and TGW significantly 

benefited the YP. As a result, the number of productive 

tillers per plant, number of grains per panicle, and 

number of filled grains per panicle may be utilized as the 

main selection criteria for improving the grain yield per 

plant, with kernel length before cooking serving as a 

secondary selection criterion. 

CONCLUSIONS 

The genetic parameters of yield and qualities that 

contribute to yield were examined in BC2F2 populations 

of 58 backcross-derived rice genotypes (ADT43 X RP-

Bio-Patho-2), recipient parent ADT43, and donor parent 

RP-Bio-Patho-2. A high degree of positive correlation 

and a direct positive effect of a number of productive 

tillers per plant, number of grains per panicle, and 

number of filled grains per panicle with the grain yield 

per plant, suggested that this yield-contributing trait 

could be a selection criterion for improving the yield of 

the rice genotypes under study. Additionally, kernel 

length before cooking may be useful selection criteria. 
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