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Genetic Variability and Character Association 

Studies in Diverse Rice (Oryza sativa L.) Genotypes 

for Agro-Morphological Traits in Terai Region of 

West Bengal 

 

ABSTRACT 

Aims:The study aims to analyze the genetic variability in diverse rice genotypes and 

establish correlations with grain yield and its attributes. By identifying and quantifying the 

genetic elements influencing grain yield and associated traits, the research intends to offer 

insights for developing high-yielding and resilient rice varieties, ultimately enhancing food 

security and agricultural sustainability. 

Study Design:The experiment was set up in a randomized complete block design (RCBD) 

with two replications, using a spacing of 20 cm × 15 cm. 

Place and Duration ofStudy:The experiment was conducted at the Instructional Farm of 

Uttar Banga Krishi Viswavidyalaya, Pundibari, Coochbehar, West Bengal during the Kharif 

season (the period from June to October)of 2019 and 2020.The duration of the study 

encompassed the entire Kharif seasons of both years. 

Methodology:The study evaluated forty-two diverse rice genotypes based on nine agro-

morphological traits. The methodology encompassed the utilization of ANOVA to evaluate 

significant differences in trait means and discern genetic variability among rice genotypes. 

Central tendency and variability were assessed through the calculation of mean, range, and 

standard deviation to gain insights into genetic variation. Furthermore, variation among traits 

was quantified using phenotypic and genotypic coefficient of variation to aid in 

understanding genetic variability. Heritability in broad sense was estimated to ascertain the 

genetic contribution to the observed variation, while the identification of traits with potential 

for improvement was achieved through the analysis of genetic advance as percent of mean. 

Furthermore, correlation and path coefficient analyses were conducted to comprehend the 

connections between the agro-morphological traits and grain yield, offering insights into the 

genetic relationships among the traits and their direct and indirect impacts on grain yield 

patterns. 

Results: The analysis of variance results confirmed the presence of significant differences 

among the evaluated genotypes. The phenotypic coefficient of variation displayed elevated 

values, closely associated with the genotypic coefficient of variation for all traits. Both 

phenotypic and genotypic coefficient of variation values were observed to be low to 
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moderate for all the nine traits. Furthermore, specific traits such as grain breadth, panicles 

plant-1, and grain L/B ratio exhibited high heritability and high genetic advance percentage of 

mean, indicating their potential for selection and improvement in breeding programs. 

Additionally, the correlation study at the genotypic level revealed positive and significant 

correlations between grain yield plant-1, test weight, and spikelet fertility. Moreover, the path 

coefficient analysis showed that grain length had the maximum positive direct effect on grain 

yield plant-1. 

Conclusion: In conclusion, the analysis revealed significant genotype variations across 

multiple traits, indicating potential for targeted breeding improvements. Traits like grain 

breadth, panicles plant-1, and grain L/B ratio showed promising heritability and genetic 

advancement, emphasizing their value for selection in breeding programs. Correlation and 

path coefficient analyses highlighted interrelationships and direct effects on yield, underlining 

the importance of genetic factors in trait expression. 

Keywords: Correlation; Genetic parameters; PR 121; Rice; Spikelet fertility 

 

1. INTRODUCTION 

Rice (Oryza sativa L., 2n=2x=24) belongs to the family Poaceae and is believed to be 

originated in South-East Asia. Rice stands as the single most crucial global food crop, 

serving as a primary dietary staple for over one-third of the world's population. Remarkably, 

over 90% of the world's rice production takes place in Asia, the continent where 60% of the 

Earth's population live (1). Indeed, it is cultivated in more than 100 countries around the 

world (2). Rice production nearly tripled during the latter half of the previous century. 

However, there is an urgent need to double rice production by 2050 in order to adequately 

feed a global population that is expected to surpass nine billion people (3). Globally, India 

ranks first in terms of rice cultivation area, covering 46.38 million hectares, and second in 

production, yielding 130.29 million tonnes, with a productivity of 2.809 tonnes per hectare. In 

the specific context of West Bengal, the area, production, and productivity of rice were 

reported as 5.60 million hectares, 16.76 million tonnes, and 2.996 tonnes/hectare, 

respectively (4). 

Plant breeders and geneticists are highly interested in the genetic variation found both 

between and within populations of crop species, as it serves as a significant focal point for 

improvement (5). Hence, presence of genetic variability in any crop is a fundamental 

requirement for the selection of superior genotypes over the existing cultivars (6). The 

success of plant breeding programmes has been reported to be directly proportional to the 

extent of genetic diversity (7). A brief understanding of genetic diversity is essential for the 

formulation of future breeding strategies and the development of desired genotypes (8). The 

need for superior genotypes that can thrive in a variety of conditions has increased due to 
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the rising demand for rice (9 and 10). The magnitude of variation due to heritable component 

is very important because, it would be a guide for selection of parents for crop improvement 

(11). Therefore, it is very much important for screening effectiveness and breeding 

enhancement in yield and its attributing traits. 

Genetic parameters like the genotypic coefficient of variation (GCV) and the phenotypic 

coefficient of variation (PCV) serve as valuable tools for assessing the degree of variability 

within germplasm (12). Heritability estimates are valuable as they indicate the proportion of 

variation in a trait that can be inherited by offspring in coming generations. Broad-sense 

heritability estimates, as discussed by researchers like (13), (14), and (15), provide insight 

into the relative contributions of genetic and environmental factors to the variation within a 

population. This information helps breeders in assessing the potential scope for 

improvement through selective breeding. However, broad-sense heritability, on its own, may 

not be sufficient for selection based on phenotype, as it is influenced by environmental 

factors. Therefore, integration of heritability with genetic advance is more reliable and helpful 

in forecast the genetic gain under selection, as discussed by (16). This approach takes both 

genetic potential and the expected improvement into consideration. Genetic advance as 

percentage of mean furnishes valuable information regarding the expected genetic gain 

obtained through the selection of superior individuals. Therefore, having information on 

various genetic parameters related to the variability of different economically significant traits 

is crucial for plant breeders before developing any new variety. 

Character association analysis was done to evaluate relationships between traits and it 

helps in selection of genotypes with desirable economic attributes. Correlation coefficient 

analysis describe the strength and direction of the linear relationship between two variables 

but does not provide information about the direction of influence or causality. Path coefficient 

analysis (17), on the other hand, allows for the assessment of causal relationships by 

partitioning the total correlations into direct and indirect effects of different traits on grain 

yield (18). It helps to determine the pathways and the relative contributions of each variable 

in influencing the dependent variable. Grain yield is a complex, quantitative trait greatly 

influenced by multiple component traits and environment (19). Therefore, focusing solely on 

selecting for grain yield may not be satisfying unless consideration of its attributing traits. So, 

grain yield along with contributing traits should be studied through character association 

techniques among the traits for yield improvement (20). Thus, positive correlations between 

yield and yield components are required for effective yield component breeding aimed at 

increasing grain yield in rice (21). So, it is important for plant breeders to find plant selection 

criteria, understanding the relationship between yield and related variables is crucial (22 and 

23). 
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2. MATERIALS AND METHODS 

2.1 Seed Materials and Field Experiment 

The experiment was conducted at the Instructional Farm of Uttar Banga Krishi 

Viswavidyalaya, Pundibari, Coochbehar, West Bengal during the kharif season of 2019-20 

and 2020-21. The experiment involved forty-two rice genotypes (Table 1), which included 

both landraces and varieties from two states (West Bengal and Andhra Pradesh) and was 

laid out in a randomized complete block design (RCBD) with two replications, utilizing a 

spacing of 20 cm × 15 cm. 

The experimentation site was located at an elevation of 43 meters above mean sea 

level, with geological co-ordinates of 26°19'86'' N latitude and 89°23'53'' E longitude. The 

recommended package of practices were followed during the crop season to raise a good 

crop in the main field. Twenty-eight days seedlings were transplanted in the main field. The 

genotypes were collected from various states with wider adaptability in areas of their 

recommendation.  

Table 1. Details of the rice genotypes used in the experiment 

Sl. 
No. 

Name of the 
Genotype 

Source 
of the 
genotype 

Sl. 
No. 

Name of the 
Genotype 

Source 
of the 
genotype 

Sl. 
No. 

Name of 
the 
Genotype 

Source of 
the 
genotype 

1) Balam 
RRS (C), 
W.B. 

15) Zugal 
RRS (C), 
W.B. 

29) Nonabokra 
RRS (C), 
W.B. 

2) Baramshall 
RRS (C), 
W.B. 

16) Kakri 
RRS (C), 
W.B. 

30) BPT 2295 
ANGRAU 
(B), A.P. 

3) Baskathi 
RRS (C), 
W.B. 

17) Kalavati 
RRS (C), 
W.B. 

31) BPT 5204 
ANGRAU 
(B), A.P. 

4) Basmati 
RRS (C), 
W.B. 

18) Kalo Aush 
RRS (C), 
W.B. 

32) CR 910 
NRRI (C), 
O.D.  

5) Kharadhan 
RRS (C), 
W.B. 

19) Kamal 
RRS (C), 
W.B. 

33) Geetanjali 
NRRI (C), 
O.D. 

6) Chamarmani 
RRS (C), 
W.B. 

20) Kanakchur 
RRS (C), 
W.B. 

34) NL 44 
ANGRAU 
(T), A.P. 

7) Chamatkar 
RRS (C), 
W.B. 

21) 
Kerala 
Sundari 

RRS (C), 
W.B. 

35) NL 46 
ANGRAU 
(T), A.P. 

8) 
Dehradun 
Gandheswari 

RRS (C), 
W.B. 

22) Khalia Eulo 
RRS (C), 
W.B. 

36) NLR 0106 
ARS(N), 
A.P. 

9) Dudeswar 
RRS (C), 
W.B. 

23) Kalonunia 
RRS (C), 
W.B. 

37) NLR 3242 
ARS(N), 
A.P. 

10) Gopalbhog 
RRS (C), 
W.B. 

24) Khara 
RRS (C), 
W.B. 

38) MTU 1061 
RARS(M), 
A.P. 

11) Indulshall 
RRS (C), 
W.B. 

25) 
Lal 
Badsahbhog 

RRS (C), 
W.B. 

39) 
NLR 
20084 

ARS(N), 
A.P. 

12) Jhara 
RRS (C), 
W.B. 

26) Patnai 
RRS (C), 
W.B. 

40) 
NLR 
40058 

ARS(N), 
A.P. 

13) JP 90 
RRS (C), 
W.B. 

27) 
Sagar 
Sugandhi 

RRS (C), 
W.B. 

41) NLR 145 
ARS(N), 
A.P. 

14) JP 120 
RRS (C), 
W.B. 

28) Tulsi Mukul 
RRS (C), 
W.B. 

42) BPT 2411 
ANGRAU 
(B), A.P. 
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RRS(C), W.B.- Regional Research Station (Chinsurah), Hooghly, Govt. of West Bengal;ANGRAU(B), A.P.-Acharya N.G. Ranga Agricultural 

University (Bapatla), Andhra Pradesh;NRRI(C), O.D.-National Rice Research Institute(Cuttack), Odisha;Acharya N.G. Ranga Agricultural 

University (Tirupati), Andhra Pradesh;, Agricultural Research Station(Nellore), Andhra Pradesh; Regional Agricultural Research Station 

(Maruteru), Andhra Pradesh. 

The observations were documented for nine agro-morphological traits as outlined in the 

following steps: 

a. The inner middle rows of each plot were used to randomly select five competitive 

plants in both replications. 

b. In each replication, data was collected using five tagged plants from each genotype. 

Observations were recorded for forty-tworice genotypes separately on randomly chosen 

five competitiveplants forfollowing the traits as listed in Table 2. 

Table 2. List of morphological traits of rice recorded during the period of the 
experiment 

Sl. 
No. 

Character Code Method of evaluation 

1.  Plant Height (cm) PHM Average height of from the base to the tip of last leaf  

2.  Panicles plant-1 PPP By counting the number of panicle per plant 

3.  Filled grains spikelet-1 FGPP By counting the number of spikelets per panicle 

4.  Spikelet fertility (%) SF By counting the percentage of filled grain per panicle 

5.  Grain length (mm) GL By measuring the grain length in millimetre 

6.  Grain breadth (mm) GB By measuring the grain breadth in millimetre 

7.  Length: Breadth ratio LBR By measuring the ratio between GB and GL 

8.  Test weight (g) TW By weighing 1000 filled grains 

9.  Grain yield plant-1 (g) GYP By weighing the total filled grain per plant 

 

2.2 Statistical Analysis 

The mean values were subjected to log transformation prior to statistical analysis to test 

the significance of variance (ANOVA) as per standard statistical procedure by (24). ANOVA 

for individual years and combined over the years was performed to assess the significance 

of genotypes across the years separately, between the years and interaction of genotypes 

with years as suggested by (25) and their significance was tested by referring to the values 

of ‘F’ table (26) to compare the significant difference between the genotypes. The treatment 

means were tested for significance (LSD) at 1% or 5% probability level. 

The variability present in the genotypes was estimated by phenotypic and genotypic 

coefficient of variations using the procedure suggested by (27). Phenotypic co-efficient of 

variation (PCV) and genotypic co-efficient of variation (GCV) were estimated using the 

formula suggested by (28) and expressed in percentage. The estimates of PCV and GCV 

were categorized based on the scale given by (29). Heritability in the broad sense (h2b) was 

computed using the formula given by (27) and expressed in percentage. The range of 

heritability, expected genetic gain or genetic advance as percent of mean (GAM) under 

selection were calculated as suggested by (30). The genotypic correlation coefficients were 

estimated using the standard procedure suggested by (31). Path coefficient analysis was 
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done as suggested by (32) using the phenotypic as well as genotypic correlation coefficients 

to determine the direct and indirect effects of yield on grain yield for individual years and 

Combined over the years data. The residual effect (h) was calculated using the formula (32).  

All the statistical analyses were done by using GENRES statistical package (33). 

RStudio software (34)was used to visualize the distribution and probability density of the 

datausing vioplot package (35) and (36) for violin plot analysis to uncover the best 

connections among features. 

3. RESULTS AND DISCUSSION 

3.1 Analysis of variance 

The analysis of variance (ANOVA) was used to assess individual years, with a combined 

over the years analysis conducted for both years and revealed that all the traits were 

significantly different for each genotype under two different years as well as combined over 

the years (Table 3). Based on the ANOVA for Combined over the years, significant effect of 

year is observed for all the traits under the study. At replication within year level, only PPP, 

TW and GYP traits were significantly different from each other, while none of the other traits 

were found to be significantly different indicating that their role is negligible in expression of 

the trait. The genotype  year was highly significant for FGPP, SF, GL, TW and GYP. The 

reason for wide spectrum and high magnitude of variability in the present study may be due 

the fact that the studied genotypes were collected and developed in different breeding 

programmes representing different agro-climatic conditions of the country. These results 

were in conformity with the earlier findings of (23), (37) and (6). 

3.2 Estimation of genetic parameters 

The (Table 4) provides the general mean, range, and genetic parameters for the nine 

traits, while (Figure 1) displays a violin plot illustrating the distribution of the nine yield-

attributing traits in rice genotypes. PH was ranged from 63.82 cm (NL 46) to 182.09  cm 

(Kakri) with grand mean value of 130.47; the highest and lowest ranges for PPP were 6.25 

(Nonabokra) and 19.65 (Jhara) respectively, with a grand mean value of 10.56; FGGP varied 

from 68.00 (Indulshall) to 193.35 (Kakri) with grand mean value of (111.29), 72.20 

(Indulshall) and 88.84 (BPT 2295) for SF with grand mean value of 82.38; GL ranging from 

4.20 (NLR 0106) to 9.41 (Geetanjali) with grand mean value of 6.15, highest and lowest 

ranges of GB were 1.38 (NLR 0106) and 3.12 (Jhara) with grand mean value of 2.36; LBR 

was varied from 1.64 (Kanakchur) to 3.86 (Baskathi) with grand mean value of 2.70; TW 

varied from 8.38 (Tulsi Mukul) to 22.43 (NLR 3242) with grand mean value of 15.15 and 

GYP ranged from 11.79 (Tulsi Mukul) to 26.91 (NLR 20084) with grand mean value of 18.75. 

The estimation of PCV, GCV, broad-sense heritability (H2), and genetic advance as 

percent of mean (GAM) has been analyzed for all the genotypes. The GCV values were 

lower than PCV value, suggesting a minimal environmental effect on the manifestation of the 



 

7 
 

trait for all the traits. The traits displayed low to moderate estimates for both PCV and GCV 

but none have exhibited high values for either parameter. Similar results are obtained by 

(38). The traits namely, GB (12.61, 12.76), LBR (11.77, 11.90) and PPP (11.05, 11.14) have 

recorded medium PCV and GCV values. Similar results were reported for GB by (39), (40) 

and (41); (39), (42), (43), (44), (45) for PPP and (46) for LBR.  

Table 3. ANOVA for grain yield and its attributing traits in 42 genotypes of rice 

* Significant 5% at (P = .05) probability level, ** * Significant at 1% (P = .01) probability level, d.f. – degree of freedom, PH - 
Plant height (cm), PPP - Panicles plant-1, FGPP - Filled grains spikelet-1, SF - Spikelet fertility (%), GL - Grain length (mm), 
GB - Grain breadth (mm), LBR - Grain length: breadth ratio (mm), TW - Test weight (g) and GYP - Grain yield plant-1 (g). 

 

Table 4. Estimates of variability, heritability and genetic advance for yield and its yield 
attributing traits of rice (Combined over the years) 

 

Traits 
Mean Range Standard 

Deviation 
GCV PCV  H2b GAM 

Min. Max. 

PH 130.47(2.10) 63.82(1.80) 181.09(2.26) 0.126 5.99 5.99 99.84 12.33 

PPP 10.56(1.05) 6.25(0.86) 19.65(1.31) 0.116 11.05 11.14 98.34 22.57 

FGPP 111.29(2.03) 68.00(1.83) 193.35(2.29) 0.108 5.25 5.33 96.74 10.63 

SF 82.38(1.92) 72.20(1.86) 88.84(1.95) 0.021 1.14 1.18 92.81 2.26 

GL 6.15(0.85) 4.20(0.72) 9.41(1.02) 0.072 8.48 8.49 99.76 17.44 

GB 2.36(0.52) 1.38(0.38) 3.12(0.61) 0.065 12.61 12.76 97.53 25.64 

LBR 2.70(0.56) 1.64(0.42) 3.86(0.69) 0.068 11.77 11.90 97.34 23.92 

TW 15.15(1.20) 8.38(0.97) 22.43(1.37) 0.088 7.30 7.33 99.12 14.97 

GYP 18.75(1.26) 11.79(1.07) 26.91(1.43) 0.103 8.03 8.07 98.95 16.45 
Values in the parenthesis indicates the log transformed values of the individual traits; The range, standard deviation, GCV, 
PCV, heritability and the GA as percentage of mean have been calculated with the log transformed values of the traits. (Min.-
Minimum, Max.-Maximum, PCV- Phenotypic Coefficient of Variation; GCV- Genotypic Coefficient of Variation), H

2
b – 

Heritability in broad sense , GAM – Genetic advance as percent of mean, PH - Plant height (cm), PPP - Panicles plant-1, FGPP 
- Filled grains spikelet-1, SF - Spikelet fertility (%), GL - Grain length (mm), GB - Grain breadth (mm), LBR - Grain length: 
breadth ratio (mm), TW - Test weight (g) and GYP - Grain yield plant-1 (g). 
 

Low values of GCV and PCV were seen in GL (8.48, 8.49), GYP (8.03, 8.07), TW 

(7.30, 7.33), PH (5.99, 5.99), FGPP (5.25, 5.33), and SF (1.14, 1.18) were recorded low 

GCV and PCV values. Similar results obtained by (47) for GL; (37) and (48) for GYP; (49), 

Year Sources of 
variation 

d.f. Mean sum of squares 

PH PPP FGPP SF  GL  GB LBR TW  GYP 

1 

Replication 1 .001 .004** .002 .001 .001 .001 .001 0.002** .001 

Genotype 41 0.032** 0.027** 0.023** .001** 0.010** 0.009** 0.009** 0.016** 0.023** 

Error 41 .001 .001 .001 .001 .001 .001 .001 .001 .001 

2 

Replication 1 .001 .001* .001 .001 .001 .001* .001 0.003** .001* 

Genotype 41 0.031** .028** .025** .001** .011** 0.009** 0.009** 0.015** 0.020** 

Error 41 .001 .001 .001 .001 .001 .001 .001 .001 .001 

Combined 
over the years 

Year 1 .001* 0.048* 0.075* .002* .002* 0.007* 0.002* 0.103* 0.123** 

Replication 
within year 

2 
.001 .003** .001 .001 .001 .001 .001 0.003*** .001* 

Genotype 41 0.063** 0.055** 0.046** 0.002** 0.021** 0.017** 0.018** 0.031** 0.041** 

Year × 
Genotype 

41 
.001 .001 .001* .001** .001* .001 .001 .001** .001** 

Combined over 
the years Error 

82 
.001 .001 .001 .001 .001 .001 .001 .001 .001 
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(41) and (50) for PH; (51) for FGPP; (39) and (52) for SF; (53) for TW, and (54) for TW and 

SF. It indicates that selection may be effective based on these traits with medium PCV and 

GCV values and their phenotypic expression would be a good indication of genetic potential. 

A narrow difference in phenotypic and genotypic coefficients of variation was obtained for 

the aforementioned traits, indicating the least effect of the environment on these traits. Thus, 

these traits expressed the true genetic potential in varied environments. 

The heritability (H2b) estimates (>80%) were recorded for all agro-morphological 

traits viz. PH (99.84), PPP (98.34), FGPP (96.74), SF (92.81), GL (99.76), GB (97.53), LBR 

(97.34), TW (99.12) and GYP (98.95), indicating traits are least influenced by environment 

and selection for improvement is rewarding. Similar findings were reported by (38) for FGPP, 

SF and TW; (52) and (48) for PH, TW, FGPP, SF and GY while (44) for GL, GB and LBR 

and (42) for PPP. Therefore, heritability can be utilized as a tool for achieving effective 

improvements in the abovementioned traits that are undergoing selective breeding practices. 

The values of genetic advance as per cent of mean (GAM) showing high (>20%) for 

GB (25.64), LBR (23.92) and PPP (22.57). Similar results obtained by (40) and (47) for GL 

and LBR; (42) and (43) for PPP. Moderate GAM (10-20%) obtained for GL (17.44), GYP 

(16.45), TW (14.97), PH (12.33) and FGPP (10.63) like results of (40) and (46) for GYP; (49) 

for TW; (47) for GL; (49) for PH, and (55) for FGPP. At last, low GAM (<10%) was revealed 

by SF (2.26). The similar result obtained by (56), (39), (45), (49) and (57) for SF. 

The sole estimate of heritability is limited in its capacity to predict the outcome of 

selecting the best genotype due to its inclusion of both additive and non-additive gene 

effects. Nonetheless, high genetic advance consistently arises from the action of additive 

genes. Consequently, it is important to take both heritability and genetic advance as a 

percentage of the mean into consideration. It's important to note that high heritability does 

not ensure a corresponding high genetic advance (30). Therefore, a more effective approach 

involves combining heritability with genetic advance rather than relying solely on heritability. 
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Figure 1. Violin plot for nine yield attributing traits in rice genotypes (combined over the 
years) 
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High heritability coupled with high GAM was observed for three traits indicating that 

traits viz., GB (97.53, 25.64), LBR (97.34, 23.92) and PPP (98.34, 22.57) are governed by 

additive genes and improvement is effective. Similar kind of results were obtained by (40) 

and (47) for GB; (49), (40) for LBR; and (58) for PPP. High heritability coupled with moderate 

GAM was recorded by (49), (50) for PH; (49), (59) for TW; (60) for GL; (46) for GYP and (51) 

for FGPP. The trait, SF exhibited high heritability along with low genetic advance mean 

(GAM), signalling non-additive gene action. Consequently, selecting this trait may not lead to 

significant rewards. Similar result was obtained by (39). 

3.3 Correlation coefficient analysis 

A complex trait such as yield, which plays a significant role in crop improvement 

programmes, is intricate and arises from the interplay of various components. Correlation 

coefficients measure the strength and direction of the relationship between pairs of 

variables, offering insight into the degree of interrelation between the variables. The 

genotypic correlation coefficients estimated between GYP and other traits under the study 

are indicated in Table 5. Grain yield is the outcome of many independent traits, and some of 

them are highly associated with grain yield. The analysis of the relationship among these 

traits and association with grain yield is essential to establish selection criteria. 

Table 5.  Genotypic correlation between yield and its attributing traits in rice 
(Combined over the years) 

Traits Plant 
height 
(cm) 

Panicles 
plant

-1
 

Filled 
grains 

panicle
-1

 

Spikelet  
fertility  

(%) 

Grain  
length  
(mm) 

Grain  
breadth  
(mm) 

Grain  
L/B ratio 

Test  
weight 

(g) 

Grain  
yield  

(g plant
-

1
) 

Plant height (cm) 1.00 0.285* 0.204 -0.277* 0.431** 0.289* 0.098 -0.061 -0.152 

Panicles plant
-1

  1.00 0.197 -0.151 0.123 0.082 0.019 -0.067 -0.040 

Filled grains panicle
-

1
 

 
 1.00 0.471** -0.109 -0.171 0.077 

0.003 0.225 

Spikelet fertility (%)    1.00 -0.323* -0.282* 0.011 0.139 0.320* 

Grain length (mm)     1.00 0.456** 0.429** 0.101 -0.198 

Grain breadth (mm)      1.00 -0.607** 0.074 -0.186 

Grain L/B ratio       1.00 0.035 0.016 

Test weight (g)        1.00 0.622** 

Grain yield (g plant
-1

)         1.00 

* Significant at (P=.05) 5% probability level, ** * Significant at (P =.01) 1% probability level 

 

Traits such as TW (0.622) and SF (0.320) had shown significant and positive 

correlation with GYP. Hence, selection for these traits would help in improving the grain yield 

in rice crop. Similarly results are obtained by (61), and (62) for TW; and (63) for spikelet 

fertility. However, none of the character was found to be significantly negative with GYP 

affecting the expression of the grain yield as reported by (40) and (44). Therefore, traits 

directly influencing yield should be chosen, and their associations with other traits must be 
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considered simultaneously, as this can have indirect effects on grain yield. The genotypic 

correlation revealed that PH exhibited a positive and significant correlation with GL, GB and 

PPP. Similar results were reported earlier by (64) for GL and GB; (65) and (39) for GB; (23) 

for GL; (66), and (67) for PPP. This indicates that the longer length and breadth grain 

bearing genotypes were taller genotypes. The character PPP did not show a significant 

correlation with any trait, but exhibited a positive association with FGPP, indicating 

genotypes with more number of filled grains are possessed by more number of panicles. The 

trait PPP showed only positive association with FGPP, indicating that genotypes with 

number of panicles contains more number of filled grains. FGGP had significant and positive 

correlation with only spikelet fertility. This result was in similar with (68) as indicates like 

genotypes which contains more filled grains have higher spikelet fertility. But, there was a 

significant negative correlation between spikelet fertility (%) and length and breadth of grain. 

GL had only a significantly positive correlation with GB and LBR as. The results are in 

agreement with the reports of (46) for GB; (40) and (66) for LBR. SF had negative and 

significant association with GL and GB like similar results by (69) for GL and GB; and (71) 

for GL. GB exhibited only negative, significant association with LBR. The results are in 

agreement with the findings of (40), (66) and (70). TW recorded only significant positive 

correlation with GY. Similar results are obtained by (54), (71) and (70) for GYP. 

The positive and significant association of traits at the genotypic level justifies the 

influence of genetic factors over phenotypic ones, suggesting the potential for a correlated 

response to selection. 

3.4 Path coefficient analysis 

Path Coefficient Analysis is an effective approach for determining both direct and indirect 

causes of association. It involves a detailed analysis of the specific forces at play in 

producing a correlation and also evaluates the relative significance of each causal factor. 

Path coefficient analysis is distinct from simple correlation in that it identifies cause-and-

effect relationships, whereas the latter solely measures mutual association without 

considering causation. The causal (independent) variables were plant height, panicles plant-

1, filled grains panicle-1,spikelet fertility, grain length, grain breadth, grain L/B ratio, and test 

weight whereas the outcome (dependent) variable was grain yield plant-1. The table 6 

displayed the direct and indirect path coefficients of the nine causal factors on grain yield 

plant-1 using genotypic path coefficient analysis. 
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Table 6.  Direct (diagonal) and indirect (off-diagonal) effects of different yield 
components in rice (Combined over the years) 

 
Traits Plant 

height  
(cm) 

Panicles 
plant

-1
 

Filled 
grains 

panicle
-1

 

Spikelet 
fertility  

(%) 

Grain 
length  
(mm) 

Grain 
breadth  
(mm) 

Grain L/B 
ratio 

Test 
weight 

(g) 

Correlation 
with Grain 

yield  
(g plant

-1
) 

Plant height (cm) 0.292 -0.023 -0.004 -0.098 6.057 -4.745 -1.574 -0.057 -0.152 

Panicles plant
-1

 0.083 -0.082 -0.004 -0.054 1.731 -1.344 -0.309 -0.062 -0.040 

Filled grains panicle
-1

 
0.060 -0.016 -0.020 0.168 -1.539 2.803 -1.233 0.003 0.225 

Spikelet fertility (%) -0.081 0.012 -0.010 0.356 -4.542 4.630 -0.174 0.129 0.320** 

Grain length (mm) 0.126 -0.010 0.002 -0.115 14.066 -7.475 -6.886 0.094 -0.198 

Grain breadth (mm) 
0.085 -0.007 0.003 -0.100 6.413 -16.395 9.746 0.069 -0.186 

Grain L/B ratio 
0.029 -0.002 -0.002 0.004 6.038 9.960 -16.043 0.032 0.016 

Test weight (g) 
-0.018 0.005 0.000 0.049 1.424 -1.211 -0.558 0.930 0.622** 

* Significant at 5% probability level, Residual Effect= 0.59 

 

Genotypic path coefficient analysis revealed traits like GL (14.066), TW (0.930), SF 

(0.356) and PH (0.292) exhibited direct positive effect with GYP at genotypic level. 

Therefore, these traits should be viewed as vital selection criteria in all rice improvement 

programmes, and direct trait selection is recommended for improving yield. These results 

are in conformity with (72) for TW and SF; (44) for PH and GL; (73) for PH and TW; and (38) 

for TW. Nevertheless, the positive and significant association of these traits with GYP 

suggests that indirect effects may be responsible for the correlation. Therefore, it is essential 

to account for indirect causal factors while selecting the traits for improving yield through 

these traits. Traits such as GB (-16.395) and LBR (-16.043) recorded direct maximum 

negative direct effect on grain yield followed by PPP (-0.082) and FGPP (-0.020). These 

findings are in agreement with (40) for FGPP and LBR, PPP; and (44) for GB.  

The residual effect signifies the unexplained variability of the dependent factor, GYP. 

This moderate value of 0.59 suggests that the traits analyzed in the path coefficient analysis 

accounted for 40.95% of the variation in GYP. The residual effect on GYP in this study could 

be attributed to various factors such as other unaccounted traits, environmental influences, 

and sampling errors that were not included in the investigation. 

 

4 CONCLUSION 

Analysis of variance exhibited the presence of significant differences among the rice 

genotypes for all the traits included in the study. Occurrence of high variability in the 

genotypes will increase the probability of producing desirable recombinants in successive 

generations. Phenotypic coefficient of variation was found slightly higher than the genotypic 

coefficient of variation revealed less influence of environment on the traits under study. 
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Therefore, response to direct selection may be effective in improving these traits. Any trait 

having high heritability coupled with high  genetic advance  as  percent  of  mean  indicates  

that  it  is governed   by   additive   gene   action   which   is heritable  and  fixable  in  nature. 

Therefore, traits viz., grain length, length: breadth ratio and panicles plant-1 can be improved 

by simple selection efforts as they are governed by additive gene action.Based on 

correlation and path analyses carried out in this study suggests that two traitsviz., test weight 

and spikelet fertilityshowed significant and positive association with seed yield plant-1 which 

helps in indirect selection of genotypes for improved yielding ability. This underscores the 

critical role of these traits in advancing rice breeding programs, emphasizing their potential 

for driving significant improvements in crop productivity. 
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