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“Correlation and Path analysis in Pearl millet [Pennisetum glaucum (L.) R. Br.] for yield and yield attributing traits”


ABSTRACT 

Pearl millet [Pennisetum glaucum (L.) R. Br.] popularly known as bajra is an important coarse grain cereal, most widely grown staple food crop of the majority of poor and small land holders in arid and semi-arid tropical regions of Africa and Asia with 200-800 mm annual rainfall, where no other cereal crop can be grown successfully. The aim of the study is to Correlation and Path analysis in Pearl millet [Pennisetum glaucum (L.) R. Br.] for yield and yield attributing traits. The present investigation, entitled “Correlation and Path analysis in Pearl millet [Pennisetum glaucum (L.) R. Br.] for yield and yield attributing traits”, was carried out using thirty genotypes of pearl millet to determine the extent of variability, heritability, genetic advance, correlation and path coefficient analysis. The experiment was conducted in a Randomised Block Design (RBD) with three replications at the crop research farm, Tantia University, Sriganganagar, during Kharif, 2024. The observations were recorded for ten different traits viz., days to 50 % flowering, days to maturity, plant height (cm), effective tiller/plant, ear head length (cm), ear head girth (cm), test weight (g), grain yield per plant (g), biological yield per plant (g), harvest index (%).
The analysis of variance revealed highly significant differences among the genotypes for all the characters studied, which indicates the presence of a considerable amount of variability for all the traits under study. Among the genotypes, the genotype Pusa composite 701 recorded maximum grain yield per plant, ear head length, ear head girth and test weight. 
In the present study, high genotypic and phenotypic coefficient of variation were observed for biological yield per plant, followed by grain yield per plant, effective tiller/plant, test weight and harvest index. This result suggested that the selection of these characters will be useful for the improvement of the crop.
	Correlation analysis showed that the grain yield per plant exhibited a highly significant and positive correlation with effective tiller/plant, plant height, ear head length, ear head girth, test weight and biological yield per plant at both genotypic and phenotypic levels. Thus, these characters were the most important traits and may impart considerable respect for higher grain yield. 
Based on the variability, correlation and path analysis, it can be concluded that the number of effective tiller tillers per plant, ear head length, ear head diameter and biological yield per plant could be used as selection criteria to identify the suitable genotypes for future breeding programmes. 

1. INTRODUCTION
Pearl millet (Pennisetum glaucum R. Br.), an important cereal crop widely grown in arid and semi-arid regions of Asia and Africa, plays a vital role in global food security. However, it faces significant challenges due to climate change, soil degradation, emerging pests, and diseases. Genetic enhancement is a promising approach to mitigate these challenges and to improve pearl millet resilience and yield (Aher & Palakolanu, 2025; Satyavathi et al., 2021). It is popularly known as bajra is an important coarse grain cereal, most widely grown staple food crop of the majority of poor and small land holders in arid and semi-arid tropical regions of Africa and Asia with 200-800 mm annual rainfall, where no other cereal crop can be grown successfully. It is consumed as both feed and fodder for livestock. Pearl millet excels all other cereals due to the features C4 plant with high photosynthetic efficiency and high dry matter production capacity. It is a highly cross-pollinated crop with a grain yield potential of 15-20 quintal per hectare and holds an important position in the agriculture of arid and semi-arid regions due to its ability to survive under adverse agro-climatic conditions characterised by drought, low pH, low soil fertility and even high temperature (Shah et al., 2012).
Pearl millet is an important cultivated cereal in the world, having the sixth rank after rice, wheat, maize, barley and sorghum in terms of area. It is grown on about 30 million hectares in more than thirty countries. The majority of this area is in Asia, Africa and the Americas. In India, pearl millet is the fourth most widely cultivated food crop after rice, wheat and maize. It occupies 7.38 million hectares with an average production of 10.72 million tonnes and a productivity of 1453 kg/ha (DA&FW 2023-24). The major pearl millet growing states are Rajasthan, Uttar Pradesh, Gujarat, Haryana and Madhya Pradesh, which produce 91.28 % of the total production of the country. It is a momentous food crop around the globe after maize (Zea mays), wheat (Triticum aestivum), rice (Oryza sativa), sorghum (Sorghum bicolour), and barley (Hordeum vulgare). It is an important eco-friendly field crop in conventional farming, which is good for human nutrition and health, and the planet. Pearl millet may counter several aversive impacts of looming climate change on food grain production better than other staple cereals and plays a significant role in food and nutritional security (Srivastava et al., 2022). Most of the pearl millet in India is grown in the rainy (Kharif) season. It is also cultivated during the summer season in parts of Gujarat, Rajasthan and Uttar Pradesh and during the post-rainy (Rabi) season at a small scale in Maharashtra and Gujarat. Rajasthan has the highest area under pearl millet with the highest production in the country. The state occupies nearly 5.7 million ha with an average production of about 5.11 million tonnes and a productivity of 1117 kg/ha. The crop is grown as a sole crop as well as a mixed crop or inter-cropped with legumes or sesame in the state. It is also grown as irrigated green fodder in summer. Major production constraints are low spread of improved varieties/hybrids, poor seed establishment and low plant population, poor weed control, lack of adoption of agronomical practices, recurrent droughts and negligible area under irrigation (5-7%) (DA&FW 2023-24).
The low production of pearl millet in India leads to the need to develop varieties with stable production irrespective of growing place and time under stress conditions. Information on genetic variability about a crop is a prerequisite for a crop improvement program. In particular, the genotypic and phenotypic coefficients of variation are used to assess the available genetic variability. Genetic advance explains the degree of gain obtained in a character under a particular selection pressure. High genetic advance coupled with high heritability estimates offers the most suitable condition for selection (Ogunniyan and Olakojo, 2014). The success of any crop improvement programme mainly depends on the nature and magnitude of variability present in the crop. Grain yield is a complex character and depends on a number of component characters, which are quantitatively inherited.
Correlation estimates between yield and its component characters are useful in selecting desired plant types in designing an effective breeding programme. When a change in one variable causes a change on another variable, the variables are said to be correlated. Correlation coefficient measure the degree of association, genetic or non genetic relationship between two or more characters which forms the basis for selection. 
Path coefficient estimation provides information about the direct and indirect effects of yield attributes in relation to yield. It shows how attributing characters influences the yield by their path values, whether they affect yield directly or via influencing other interrelated characters.
2.  MATERIALS AND METHODS
The present investigation, entitled “Correlation and Path analysis in Pearl millet [Pennisetum glaucum (L.) R. Br.] for yield and yield attributing traits” was carried out during the year 2024. The field experiment was conducted in the Kharif Season of 2024 at Crop Research Farm, Department of Agronomy, Tantia University, Sri Ganganagar, Rajasthan, India. This is located at 28.4° N latitude, 72.2° E longitude and 178 m above mean sea level. 
2.1 Experimental details
The experiment of the present investigation was conducted to evaluate the thirty pearl millet germplasm lines. The observations were recorded on 5 randomly selected plants from each plot, except for days to 50% flowering and days to maturity, where data were recorded on plot basis.
Table 1. List of genotypes of Pearl millet [Pennisetum glaucum (L.) R. Br.]

	S.No.
	Genotypes
	Source

	1
	PB 1756
	ARS, Bikaner

	2
	RHB 223
	SKRAU, Bikaner

	3
	HHB 197
	ARS, Bikaner

	4
	HHB 50
	HAU, Hisar

	5
	GHB 38
	ARS, Bikaner

	6
	HHB 226
	HAU, Hisar

	7
	RHB 177
	SKRAU, Bikaner

	8
	RHB 173
	SKRAU, Bikaner

	9
	RHB 154
	ARS, Durgapura

	10
	RHB 121
	ARS, Durgapura

	11
	GHB 905
	ARS, Bikaner

	12
	HHB 146
	HAU, Hisar

	13
	HHB 234
	HAU, Hisar

	14
	HHB 68
	HAU, Hisar

	15
	GHB 744
	ARS, Bikaner

	16
	MP-7878
	ARS, Bikaner

	17
	HHB 117
	HAU, Hisar

	18
	HHB 94
	HAU, Hisar

	19
	86M86
	ARS, Bikaner

	20
	MP-77925
	ARS, Bikaner

	21
	MP-7872
	ARS, Bikaner

	22
	GHB 719
	ARS, Bikaner

	23
	Pusa 605
	IARI, New Delhi

	24
	Pusa 415
	IARI, New Delhi

	25
	HHB 229
	ARS, Bikaner

	26
	Pusa 444
	IARI, New Delhi

	27
	ICMV 221
	ARS, Bikaner

	28
	Pusa Composite 701
	ARS, Bikaner

	29
	Pusa Composite 383
	ARS, Bikaner

	30
	HHB 60
	HAU, Hisar



The data recorded for all the characters were subjected to analysis of variance with the formula suggested by Panse and Sukhatme (1978). 
The phenotypic and genotypic coefficient of variation, which measures the magnitude of phenotypic variation present in a particular character, was estimated as per the formula suggested by Burton (1952).
It is the proportion of phenotypic variability that is due to genetic reasons. It was computed in per cent using the formula given by Allard (1960).
Expected genetic advance represents the shift in a population towards the superior side under some selection pressure after a single generation of selection. It could be calculated by using the methodology suggested by Allard (1960).
The expected genetic advance as expressed in per cent of mean was calculated as per the formula by the method suggested by Johnson et al. (1955).
For this purpose, analysis of covariance for all possible pairs of thirteen characters was carried out using the procedure of Panse and Sukhatme (1978).
The cause and effect, the interrelationship between two variables, cannot be estimated from simple correlation coefficient analysis. Therefore, the correlation among the different character combinations was utilised to construct the path coefficient analysis suggested by Wright (1921) and used by Dewey and Lu (1959) in plants. Genotypic correlation coefficients of twelve variables with seed yield per plant were used to estimate the path coefficients for the direct effects of various independent characters on grain yield per plant.

3. RESULT AND DISCUSSION
3.1 Analysis of variance
The analysis of variance for 10 different characters studied in the present investigation is given in Table 2.
[bookmark: _Hlk198194500]The analysis of variance indicated highly significant differences among the pearl millet genotypes for thirteen characters viz., days to 50 % flowering, days to maturity, number of productive tiller per plant, plant height (cm), Ear head length(cm), Ear head Diameter/ plant (cm), test weight (g), grain yield per plant (g), biological yield per plant (g) and Harvest Index (%). This suggests that the existence of sufficient genetic diversity in the experimental material and there is ample scope for genetic improvement.
4.2 Genetic variability parameters 
The mean performance of forty pearl millet genotypes for thirteen characters are presented in Appendix II and variances of each character as well as other variability parameters viz., genotypic coefficient of variation (GCV %), phenotypic coefficient of variation (PCV %), heritability in broad sense (h2b), genetic advance (GA) and genetic advance as per cent of mean were analysed from variance components and mean values. All these estimates are summarised in Table 3.  
The lower value of GCV (6.88 %) and PCV (9.64 %) for the trait suggests the presence of less variation among the genotypes for days to flowering. The results are in concordance with Govindaraj et al. (2010), Kumar et al. (2014a), Ram et al. (2014) and Chauhan et al. (2020). 
Moderate heritability (50.96 %) along with Moderate genetic advance (10.12 %), which suggests that this character is governed by additive and non-additive gene action and signifies limited scope for improvement through selection.  Similar results were recorded by Govindaraj et al. (2010), Bind et al. (2015), Dhedhi et al (2016), Rasitha et al. (2019) and Pallavi et al. (2020).
The genotypic (5.15 %) and phenotypic (6.63 %) coefficients of variation were low for days to maturity, which indicates low variability present in the population and simple selection will not be effective.. The results of low GCV and PCV are in concordance with Govindaraj et al. (2010), Kumar et al. (2014a), Ram et al. (2014) and Yadav et al. (2020) 
High heritability (60.33 %) along with low genetic advance (8.25 %) was found for days to maturity, which indicates non-additive gene action and selection for days to maturity may not be rewarding.  Similar results found by Govindaraj et al. (2010) and Kumar et al. (2014a). 
Moderate GCV (15.89 %) and PCV (17.45 %) were measured which is due to presence of good amount of variability among the genotypes for the trait. Similarity between the two values suggests little influence of the environment on the trait. Similar results were recorded by Bhasker et al. (2017), Ramya et al. (2018) and Sharma et al. (2018). 
High heritability (82.97 %) coupled with high estimates of genetic advance as per cent of the mean (29.82 %), which suggested the influence of additive genes and selection will be beneficial by utilising the fixable genes for improvement.  The result is similar to findings of Singh and Singh (2016), Dhedhi et al. (2016), Bhasker et al. (2017), Singh et al. (2018), Rasitha et al. (2019), Dadarwal et al. (2020) and Yadav et al. (2020).
The estimates of GCV (18.25 %) and PCV (19.67 %) were high for the number of productive tiller per plant, which indicate high variability present in the population, and simple selection may be desirable for improvement of this character. Similar results are recorded by Singh & Singh (2016), Talawar et al. (2017), Sharma et al. (2018), Anuradha et al. (2018), Singh et al. (2018) and Narasimhulu et al. (2021). 
Number of productive tillers per plant depicted high heritability (86.10 %) coupled with moderate genetic advance as per cent of the mean (34.89 %), suggesting that the predominance of additive gene action was largely responsible for the reflection of this character. Thus, direct selection will be fruitful. Observed high heritability with high genetic advance for the number of productive tillers, which is Singh and Singh (2016), Talawar et al. (2017), Ramya et al. (2018), Singh et al. (2018), Chauhan et al. (2020) and Yadav et al. (2020). 
GCV (10.28 %) and PCV (11.67 %) values were measured, which is due to the presence of a good amount of variability among the genotypes for the trait. The results are supported by the findings of high values by Dapke et al. (2014), Singh and Singh (2016), Ramya et al. (2018), Priyanka et al. (2019) and Yadav et al. (2020). 
High heritability (77.49 %) accompanied by low genetic advance (18.64 %) suggests the presence of additive genes, which provide a good scope for improvement in the desired direction by fixing the gene within existing variability for genetic improvement of the trait. The above result is in accordance with Kumar et al. (2014), Shekhavat and Bika (2015), Singh and Singh (2016), Bhasker et al. (2017), Singh et al. (2018), Chauhan et al. (2020) and Yadav et al. (2020). 
Moderate GCV (11.84 %) and Moderate PCV (12.90 %) values were estimated, which indicate the presence of moderate variability and selection for the trait could be beneficial to the crop. 
Head diameter showed high heritability (84.25 %) coupled with high genetic advance (22.40 %), suggesting predominance of additive gene effect, and selection for improvement of such a character would be rewarding. The result is similar to findings of Singh and Singh (2016), Singh et al. (2018), Sharma et al. (2018), Rasitha et al. (2019), Dadarwal et al. (2020a) and Yadav et al. (2020). 
The estimates of GCV (7.32 %) and PCV (8.88 %) were high for test weight which indicates high variability present in the population, and simple selection would be desirable Singh and Singh, 2016), Talawar et al. (2017), Singh et al., 2018), Priyanka et al. (2019), Rasitha et al. (2019), Pallavi et al. (2020; Yadav et al., 2020) recorded similar results for high GCV and high PCV values of test weight. 
Low magnitude of genetic advance (12.43 %) accompanied by Moderate heritability (67.93 %) indicates that the genes governing a trait are additive in nature. Thus, selection for the trait may be effective for increasing the yield of the genotypes. The result is similar for high genetic advance with high heritability, which is also observed by Kumar et al. (2014a), Ram et al. (2014), Talawar et al. (2017), Anuradha et al. (2018), Singh et al. (2018), Priyanka et al. (2019), Rasitha et al. (2019), Dadarwal et al. (2020), Pallavi et al. (2020) and Yadav et al. (2020).
High magnitude of GCV (18.40 %) and PCV (19.83 %) indicates the presence of good variation among the genotypes for the harvest index. Ram et al. (2014), Dhedhi et al. (2016), and Yadav et al. (2020) recorded similar results for high GCV and PCV values of harvest index. 
High heritability (86.11 %) in contribution with high genetic advance (35.18 %) indicates the presence of fixable genes and less environmental influence indicating a greater scope for improvement through selection in this trait. The congruent results for high genetic advance and high heritability were also observed by Dhedhi et al. (2016), Singh et al. (2018) and Yadav et al. (2020). 
High GCV (20.37 %) and high PCV (21.75 %) values were measured, which is due to the presence of a good amount of variability among the genotypes for the trait and selection would be effective.  Ram et al. (2014), Dhedhi et al. (2016), Rasitha et al. (2019), Kumar et al. (2020a) and Yadav et al. (2020) also observed high GCV and PCV for Biological yield per plant (g). 
Moderate genetic advance was observed for the trait (39.31 %) coupled with high heritability (87.72 %), indicating the presence of additive gene action and a better scope for selection. The result is similar for high genetic advance with high heritability were also observed by Kumar et al. (2014), Ram et al. (2014), Shekhavat and Bika (2015), Bind et al. (2015), Dhedhi et al. (2016), Bhasker et al. (2017), Singh et al. (2018), Dadarwal et al. (2020) and Yadav et al. (2020).
Moderate GCV (19.50 %) and PCV (20.43 %) were estimated, which indicate high variability present in the material and selection for the trait could be beneficial to the crop. The high GCV and PCV values are concordance with the result of Govindaraj et al. (2010), Sumathi et al. (2010), Dapke et al. (2014), Bind et al. (2015), Singh and Singh (2016), Dhedhi et al. (2014), Talawar et al. (2017), Sharma et al. (2018), Anuradha et al. (2018), Rasitha et al. (2019), Dadarwal et al. (2020a), Kumar et al. (2020a), Pallavi et al. (2020) and Yadav et al. (2020). 
High heritability (91.09 %) accompanied by high genetic advance (38.35 %) indicates that heritability in genotypes is due to additive gene effects, suggesting better scope for the improvement of this character by effective selection of genotypes. The congruent results for high genetic advance with high heritability were also observed by Govindaraj et al. (2010), Chaudhary et al. (2012), Kumar et al. (2014), Ram et al. (2014), Dapke et al. (2014), Bind et al. (2015), Dhedhi et al. (2016), Singh and Singh (2016), Talawar et al. (2017), Singh et al. (2018), Rasitha et al. (2019), Chauhan et al. (2020), Dadarwal et al. (2020), Pallavi et al. (2020), Yadav et al. (2020) and Narasimhulu et al. (2021). 
5.2 Character association analysis
Character association analysis is used to determine the association between two or more characters. It also measures the type and magnitude of association between a pair of characters, which provides information about the economic characters like grain yield and its contributing characters, which are useful for the selection and improvement of yield and beneficial for the plant breeder to select a desirable genotype from the diverse plant genotypes. Character association analysis is based on two levels, genotypic (rg) and phenotypic (rp) levels. The phenotypic correlation is the observable association between a pair of traits. A correlation which is inherent association with dependent character and improves the genetic make-up of the genotypes through the selection of the grain yield and its contributing traits is called as genotypic correlation. The genotypic and phenotypic correlation coefficients were estimated for all thirteen characters for forty pearl millet genotypes to find out the degree and direction of association of grain yield with other grain yield-related characters (Table 4, and Figures 1 and 2). 
Days to 50 % flowering had a positive and highly significant correlation with days to maturity (rp= 0.98) at the phenotypic level. Days to flowering had a negative and non-significant correlation with effective tillers/plant (rp= -0.26) and harvest index (rp= -0.20) only at the phenotypic level. Positive and non-significant correlation was seen at both genotypic and phenotypic level with number of plant height (rg= 0.2649, rp= 0.092), plant height (rg= 0.082, rp= 0.082), biological yield per plant (rg= 0.054, rp= 0.056) and grain yield per plant (rg= 0.29, rp= 0.482) while only at genotypic level with days to maturity (rg= 0.98). Negative and non significant correlation had been observed at both genotypic and phenotypic level with panicle length (rg= -0.111, rp= -0.109) and harvest index (rg= -0.053, rp= -0.058) while only at genotypic level with panicle diameter (rg= -0.179), test weight (rg= -0.206). A similar association between days to flowering with grain yield per plant was observed by Bhasker et al. (2017) and Sharma et al. (2018). 
Days to maturity had positive and highly significant correlation with plant height (rp= 0.98) at phenotypic level whereas negative and highly significant correlation was observed with test weight (rp= -0.10) at phenotypic level. It had positive and significant correlation with number of productive tiller per plant (rp= -0.463) at phenotypic level whereas negative and significant correlation was observed with test weight (rg= -0.262) at genotypic level. Positive and non-significant correlation was observed with biological yield per plant (rg= 0.120, rp= 0.118), protein content (rg= 0.039, rp= 0.036) and grain yield per plant (rg= 0.128, rp= 0.123) at both genotypic and phenotypic level whereas only at genotypic level with number of productive tiller per plant (rg= 0.46), plant height (rg= 0.41) and harvest index (rg= 0.007). Negative and non-significant association was seen with ear head length (rg= -0.024, rp= 0.026), ear head diameter (rg = 0.61, rp= 0.33) at both genotypic and phenotypic levels, while only at phenotypic level with harvest index (rp= -0.29). The correspondence result of a positive and non-significant association between days to maturity with grain yield per plant was observed by Sharma et al. (2018). 
Plant height had positive and highly significant correlation with ear head length (rg= 0.25, rp= 0.41), ear head diameter (rg= 0.06, rp= 0.02), biological yield per plant (rg= -0.28, rp= -0.33) and grain yield per plant (rg= -0.81, rp= -0.74) at both genotypic and phenotypic level whereas negative and highly significant correlation with harvest index (rg= -0.34, rp= 0.24). The correspondence result of plant height with grain yield per plant was observed by Dapke et al. (2014), Kanatti et al. (2014), Bhasker et al. (2017), Nehra et al. (2017), Kaushik et al. (2018) and Patil et al. (2018).
Number of productive tiller per plant had positive and highly significant correlation with dry fodder yield per plant (rg= -0.46, rp= -0.41) and grain yield per plant (rg = 0.49, rp= 0.45) at both genotypic and phenotypic level while only at phenotypic level with plant height (rp= -0.25) and ear head diameter (rp= -0.21). The number of productive tillers per plant had a positive and significant correlation with plant height (rg= -0.21) at the genotypic level and with test weight (rp= 0.47) at the phenotypic level. While, negative and significant correlation with harvest index (rp = -0.42) at the phenotypic level. Positive and highly significant association of the number of productive tillers per plant with grain yield per plant is in accordance with Dapke et al. (2014), Bhasker et al. (2017), Nehra et al. (2017), Kaushik et al. (2018), Sharma et al. (2018), Singh et al. (2018), Subbulakshmi et al. (2018), Kumawat et al. (2019) and Kumar et al. (2020b). 
Positive and highly significant correlation was recorded with plant diameter (rg= 0.37, rp= -0.02) and biological yield per plant (rg= 0.41, rp= 0.45) at both levels. While with test weight (rp = 0.06) and grain yield per plant (rp= 0.68) at the phenotypic level only. Negative and highly significant correlation was observed with harvest index (rp = -0.10) at the phenotypic level. It had a positive and significant correlation with test weight (rg= 0.06) and grain yield per plant (rg = 0.68) at the genotypic level, whereas a negative and significant correlation with iron content (rp = -0.70) at the phenotypic level only. Similar association between panicle length with grain yield per plant was observed by Dapke et al. (2014), Kanatti et al. (2014), Bhasker et al. (2017), Nehra et al. (2017), Sharma et al. (2018), Singh et al. (2018) and Dadarwal et al. (2020) at both levels. Talawar et al. (2017) and Kaushik et al. (2018) observed at the genotypic level, while Beniwal et al. (2020) observed at the phenotypic level.
Head diameter exhibited highly significant and positive correlation with test weight (rg= 0.32, rp= 0.05), biological yield per plant (rg= -0.13, rp= -0.10) and grain yield per plant (rg= 0.04, rp= 0.06) at both levels whereas highly significant and negative correlation with harvest index (rg= 0.20, rp= 0.19) at both levels. Positive and highly significant association of ear head diameter with grain yield per plant is in accordance with Bhasker et al. (2017), Talawar et al. (2017), Patil et al. (2018), Sharma et al. (2018), Singh et al. (2018), Kumawat et al. (2019) and Dadarwal et al. (2020). 
Test weight had a positive and highly significant correlation with grain yield per plant (rg= 0.16, rp= 0.23) at both levels, while with biological yield per plant (rp= 0.68) only at the phenotypic level. It had a negative and highly significant correlation with harvest index (rp= 0.65) at the phenotypic level. at both levels, while with harvest index (rg= -0.65) at the genotypic level only. Bhasker et al. (2017), Nehra et al. (2017), Kaushik et al. (2018), Singh et al. (2018), Subbulakshmi et al. (2018), Dadarwal et al. (2020), and Kumar et al. (2020a) also recorded positive and significant correlation of test weight with grain yield per plant. 
Positive and highly significant correlation was observed with grain yield per plant (rg= 0.54, rp= 0.54) at both genotypic and phenotypic levels, whereas negative and highly significant correlation was recorded with harvest index (rg= -0.65, rp= -0.62) at both levels. Kanatti et al. (2014), Nehra et al. (2017), Kaushik et al. (2018), Patil et al. (2018) and Singh et al. (2018) observed a similar association of dry fodder yield per plant with grain yield per plant. 54 
Harvest index had positive and significant correlation with was observed with and grain yield per plant (rg= 0.16, rp= 0.23) at both levels. 
Grain yield per plant exhibited positive and highly significant correlation with number of productive tillers per plant (rg = 0.49, rp = 0.45), ear head diameter (rg = 0.16, rp = 0.23), test weight (rg = 0.04, rp = 0.06) and biological yield per plant (rg = 0.54, rp = 0.54) at both genotypic and phenotypic levels and with ear head length (rp = 0.49) at phenotypic level. This trait also showed positive and significant correlation with ear head length (rg = 0.45) at the genotypic level. Hence, these traits should be considered as important selection criteria for the improvement of grain yield per plant. level. Negative and non-significant correlation was recorded with days to flowering (rg = -0.29, rp = -0.48), plant height (rg = 0.500, rp = 0.481) and days to maturity (rg = -0.17, rp = -0.42) at both levels. A similar association between days to flowering with grain yield per plant was observed by Bhasker et al. (2017) and Sharma et al. (2018). The correspondence result of a positive and non-significant association between days to maturity with grain yield per plant was observed by Sharma et al. (2018). Positive and highly significant association of the number of productive tillers per plant with grain yield per plant is in accordance with the findings of Dapke et al. (2014), Bhasker et al. (2017), Nehra et al. (2017), Kaushik et al. (2018), Sharma et al. (2018), Singh et al. (2018), Subbulakshmi et al. (2018), Kumawat et al. (2019) and Kumar et al. (2020b). The correspondence result of plant height with grain yield per plant was observed by Dapke et al. (2014), Kanatti et al. (2014), Bhasker et al. (2017), Nehra et al. (2017), Kaushik et al. (2018) and Patil et al. (2018). Similar association between panicle length with grain yield per plant was observed by Dapke et al. (2014), Kanatti et al. (2014), Bhasker et al. (2017), Nehra et al. (2017), Sharma et al. (2018), Singh et al. (2018) and Dadarwal et al. (2020) at both levels. Talawar et al. (2017) and Kaushik et al. (2018) observed at the genotypic level, while Beniwal et al. (2020) observed at the phenotypic level. Positive and highly significant association of panicle diameter with grain yield per plant is in accordance with Bhasker et al. (2017), Talawar et al. (2017), Patil et al. (2018), Sharma et al. (2018), Singh et al. (2018), Kumawat et al. (2019) and Dadarwal et al. (2020). Bhasker et al. (2017), Nehra et al. (2017), Kaushik et al. (2018), Singh et al. (2018), Subbulakshmi et al. (2018), Dadarwal et al. (2020), and Kumar et al. (2020a) also recorded positive and significant correlation of test weight with grain yield per plant. Kanatti et al. (2014), Nehra et al. (2017), Kaushik et al. (2018), Patil et al. (2018) and Singh et al. (2018) observed similar association of dry fodder yield per plant with grain yield per plant. Rai et al. (2012) observed negative and significant association of iron content with grain yield per plant. The correspondence result of zinc content with grain yield per plant was observed by Anuradha et al. (2018). 
5.3 The estimates of direct and indirect effects 
Grain yield is an economically important trait which is improved through the direct and indirect contributions of various traits by studying the correlation and mutual association among the different traits. Path analysis helps to measure the magnitude and nature of direct and indirect effects of each trait on the dependent trait, i.e., grain yield. The cause of associations between grain yield per plant with all other twelve traits was measured using the genotypic correlation coefficient. Further, the residual effect is calculated, which signifies the role of other independent traits on the dependent trait which were not included in the study. The estimates of direct and indirect effects help to find out the superior genotypes through selection from a diverse genetic population. Tables 5 and 6. showed the direct and indirect effects of all the attributes on grain yield per plant. 
The correlation coefficient of days to flowering with grain yield per plant was observed to be non-significant and positive (0.1687). The value of the direct effect of days to flowering on grain yield per plant was negligible and negative (-0.5704). Days to flowering exhibited negligible and positive indirect effect on grain yield per plant through Days of maturity (0.6112), test weight (0.0576), biological yield per plant (0.1613) and Ear head length (0.0178), while negligible and negative indirect effect through head diameter (-0.0822), plant height (-0.0115), effective tiller/plant (-0.0013), harvest index (-0.01391). Kumar et al. (2014a), Kumar et al. (2014b), Bhasker et al. (2014), Nehra et al. (2017), and Talawar et al. (2017) observed a negative direct effect of days to flowering on grain yield per plant. 
A positive and significant association was found between days to maturity and grain yield per plant (0.3636). However, a negative and negligible direct effect was found on grain yield per plant (-0.5438). Low and positive indirect effect was observed via Days of maturity (0.6412), test weight (0.0559), biological yield per plant (0.2566), effective tiller/plant (0.0022), harvest index (-0.0596) and Ear head length (0.0231), while negligible and negative indirect effect through head diameter (-0.1169), plant height (-0.0145), ear head diameter ( 0.1169). Dhakar et al. (2012), Dapke et al. (2014), Kumar et al. (2014a) and Bhasker et al. (2017) observed a negative direct effect on grain yield per plant. 
The correlation coefficient between plant height and grain yield per plant was observed to be negative and non-significant (0.1169). A negative and negligible direct effect was found for plant height (-0.0434). Whereas, a moderate and negative indirect effect was observed via harvest index (-0.0941) and a negative and negligible effect was observed via days to flowering ( 0.1511), days to maturity (-0.2142), harvest index (-0.0941). Dhakar et al. (2012), Dapke et al. (2014) and Kaushik et al. (2018) found a negative direct effect on grain yield per plant.
The number of effective tillers per plant showed a positive and highly significant association with grain yield per plant (0.5275). A moderate and positive direct effect on grain yield per plant was observed (0.2149). A high and positive indirect effect was found on grain yield through biological yield per plant (0.5663), and a positive and negligible indirect effect was observed via panicle length (0.4754), days to flowering (0.0344), test weight (0.0590), days to maturity (0.0681), and head length (0.0091). Whereas, a negative and negligible indirect effect was observed via plant height (-0.0054), head diameter (-0.0406), and harvest index (-0.0942). Positive direct effect on grain yield per plant was reported by Abuali et al. (2012), Dhakar et al. (2012), Dapke et al. (2014), Bhasker et al. (2017), Nehra et al. (2017), Kaushik et al. (2018), Kumari et al. (2018), Patil et al. (2018), Singh et al. (2018), Rasitha et al. (2019) and Kumar et al. (2020b). 
A positive and significant correlation coefficient was observed between panicle length and grain yield per plant (0.7208). Negligible and positive direct effect on grain yield per plant was observed (0.0107). Positive and high indirect effect was observed via biological yield per plant (0.4200), and positive and negligible indirect effect was found via days to maturity (0.4073), number of effective tillers per plant (0.0054), test weight (-0.0323), and harvest index (0.1837). Whereas, a low and negative indirect effect was observed via days to flowering (-0.28). Negative and negligible indirect effect was observed through plant height (-0.0014), ear head diameter (-0.0833). Similar result for positive direct effect on grain yield per plant was observed by Chaudhary et al. (2012b), Dapke et al. (2014), Kumar et al. (2014b), Bhasker et al. (2017), Nehra et al. (2017), Talawar et al. (2017), Kaushik et al. (2018), Kumari et al. (2018), Singh et al. (2018), Dadarwal et al. (2020) and Kumar et al. (2020a). 
Head diameter showed a positive and highly significant correlation with grain yield per plant (0.4438), and its direct effect was negative and low (-0.1795). A positive and high indirect effect was observed via harvest index (0.2338). Positive and negligible indirect effect was found via days to maturity (0.0417), number of effective tillers per plant (0.0048) and head length (0.0169), test weight (0.0696) and biological yield (0.1535). Whereas, it exerted a low and negative indirect effect via plant height (-0.0118) and a negligible and negative indirect effect via days to 50% flowering (-0.2614), and test weight (-0.0032). Positive direct effect of head diameter on grain yield per plant was observed by Dhakar et al. (2012), Talawar et al. (2017), Kumari et al. (2018), Patil et al. (2018) and Singh et al. (2018).
A positive and highly significant correlation coefficient was observed between test weight and grain yield per plant (0.3935). A positive and negligible direct effect was found on grain yield per plant (0.1324). A positive and high indirect effect on grain yield was observed via biological yield per plant (0.4620). Whereas, a positive and negligible indirect effect was observed through days to maturity (0.2707), number of effective tillers per plant (0.0095), and ear head length (0.0089). Negative and negligible indirect effect on grain yield was observed via plant height (-0.0048), harvest index (-0.1426), days to 50 % flowering (-0.2483), and ear head diameter ( 0.0944). Negative and negligible indirect effect on grain yield was observed via plant height (-0.0030), harvest index (-0.0941). Dhakar et al. (2012), Kumar et al. (2014a), and Talawar et al. (2017) recorded a negative direct effect for this trait on grain yield per plant. 
There was a positive and highly significant association between biological yield per plant and grain yield per plant (0.608). The direct effect of biological yield per plant was positive and high (0.8466). This trait showed a low and positive indirect effect through the number of effective tillers per plant (0.0120). Whereas, a negligible and positive indirect effect through head length (0.0180), days of maturity (0.1944), plant height (0.0006), and test weight (0.0722) Moderate and negative indirect effect was observed via harvest index (-0.2396). Whereas, negligible and negative indirect effect via days to flowering (-0.1087), head diameter (-0.0325). Positive and high direct of biological yield per plant on grain yield per plant was reported by Chaudhary et al. (2012a), Bhasker et al. (2017) and Kumar et al. (2020a). 
Harvest index showed a negative and significant association between harvest index and grain yield per plant (-0.3849). The direct effect of harvest index was positive and high (0.8065). This exhibited a negligible and positive indirect effect via days to 50 % flowering (0.0098), days of maturity (0.0474), plant height (0.0050), and ear head length (0.0083). High and negative indirect effect through biological yield per plant (-0.4143). Whereas, negligible and negative indirect effect via the number of effective tillers per plant (-0.0025), ear head diameter ( 0.0520), and test weight (-0.0234). Positive and high direct of biological yield per plant on grain yield per plant was observed by Chaudhary et al. (2012a), Dapke et al. (2014), Beniwal et al. (2020), Dadarwal et al. (2020) and Kumar et al. (2020b).
CONCLUSION



Based on the variability, correlation and path analysis, it can be concluded that the number of effective tillers per plant, ear head length, ear head diameter and biological yield per plant could be used as selection criteria to identify the suitable genotypes for future breeding programmes.



	Character
	Replication df (3)
	Treatments df 
(29)
	Error df (58)

	Days to 50 % flowering
	9.811
	36.192**
	8.788

	Days to maturity
	14.011
	63.557**
	11.425

	Plant height (cm)
	30.829
	1113.663**
	35.294

	Effective tillers per plant
	0.007
	0.809**
	0.041

	Ear head length(cm)
	0.847
	20.090**
	1.773

	Ear head Diameter/plant (cm)
	0.001
	0.289**
	0.017

	Test weight (g)
	0.761
	1.944**
	0.264

	Harvest Index (%)
	1.809
	31.201**
	1.591

	Biological yield per plant (g)
	71.724
	2944.683**
	120.314

	Grain yield per plant (g)
	11.789
	124.814**
	3.939


Table 2: Analysis of variance (ANOVA) showing mean sum of squares for different characters in pearl millet   












	Character
	Heritability
	GCV (%)
	PCV (%)
	Gen-Advance
	Gen-Adv % Means

	Days to 50 % flowering
	50.96
	6.88
	9.64
	4.44
	10.12

	Days to maturity
	60.33
	5.15
	6.63
	6.67
	8.25

	Plant height (cm)
	82.97 
	15.89
	17.45
	48.18
	29.82

	Effective tillers per plant
	86.10 
	18.25
	19.67
	0.96
	34.89

	Ear head length(cm)
	77.49
	10.28
	11.67
	4.48
	18.64

	Ear head Diameter/plant (cm)
	84.25
	11.84
	12.90
	0.57
	22.40

	Test weight (g)
	67.93
	7.32
	8.88
	1.27
	12.43

	Harvest Index (%)
	86.11
	18.40
	19.83
	6.00
	35.18

	[bookmark: _Hlk198199296]Biological yield per plant (g)
	87.72
	20.37
	21.75
	76.56
	39.31

	Grain yield per plant (g)
	91.09
	19.50
	20.43
	12.48
	38.35


Table 3: Variability parameters, heritability and genetic advance for thirteen characters in pearl millet




	Characters
	
	DF
	DM
	PH
	ETPP
	EHL
	EHD
	TW
	HI
	BYPP
	GYPP

	DF
	rg
	1.00**
	0.98
	0.26**
	-0.51
	0.37
	0.51
	0.28
	-0.20
	0.05
	-0.29

	
	rp
	1.00**
	0.98**
	0.16
	-0.47**
	-0.02
	0.23*
	-0.09*
	-0.27
	-0.08**
	-0.48

	DM
	rg
	
	1.00**
	0.22
	-0.46
	0.49**
	0.61
	0.26
	-0.16
	0.05
	-0.17**

	
	rp
	
	1.00**
	0.19*
	-0.41
	0.02
	0.33**
	-0.10
	-0.29
	-0.03
	-0.42

	PH
	rg
	
	
	1.00**
	-0.25*
	-0.47
	0.06
	-0.11
	-0.34
	-0.28
	-0.81

	
	rp
	
	
	1.00**
	-0.21
	-0.54*
	0.02
	-0.28
	-0.24
	-0.33*
	-0.74*

	ETPP
	rg
	
	
	
	1.00**
	-0.01
	-0.28
	0.47**
	-0.49
	0.73
	0.49

	
	rp
	
	
	
	1.00**
	0.02
	-0.21
	0.49
	-0.42
	0.64
	0.45*

	EHL
	rg
	
	
	
	
	1.00**
	0.29**
	0.06
	0.10**
	0.41**
	0.68

	
	rp
	
	
	
	
	1.00**
	0.13
	0.09
	0.08
	0.45
	0.70

	EHD
	rg
	
	
	
	
	
	1.00**
	0.32*
	0.20
	-0.13
	0.04**

	
	rp 
	
	
	
	
	
	1.00**
	0.05
	0.19*
	-0.10*
	0.06

	TW
	rg
	
	
	
	
	
	
	1.00**
	-0.65**
	0.68
	0.16

	
	rp
	
	
	
	
	
	
	1.00**
	-0.52
	0.61
	0.23*

	HI
	rg
	
	
	
	
	
	
	
	1.00**
	-0.73**
	0.18

	
	rp
	
	
	
	
	
	
	
	1.00**
	-0.72
	0.19**

	BYPP
	rg
	
	
	
	
	
	
	
	
	1.00**
	0.54

	
	rp
	
	
	
	
	
	
	
	
	1.00**
	0.54*

	GYPP
	rg
	
	
	
	
	
	
	
	
	
	1.00**

	
	rp
	
	
	
	
	
	
	
	
	
	1.00**


Table 4: Genotypic and Phenotypic character association analysis among ten characters in pearl millet
*, ** significant at 5% and 1% level of significance, respectively. 
*, ** significant at 5% and 1% level of significance, respectively. 
DF: Days to 50 % flowering, DM: Days to maturity, ETPP: Effective tiller per plant, PH: Plant height (cm), EHL: Ear head length (cm), EHD: Ear head diameter (cm), TW: Test weight (g), HI: Harvest index (%), BYPP: Biological yield per plant (g), GYPP: Grain yield per plant (g), rg: Genotypic correlation coefficient, rp: Phenotypic correlation coefficient






	Genotypic
	Days to 50 % flowering
	Days to maturity
	Plant height (cm)
	Effective tillers per plant
	Ear head length
(cm)
	Ear head Diameter/ plant (cm)
	Test weight (g)
	Harvest Index (%)
	Biological yield per plant (g)
	Grain yield per plant (g)

	Days to 50 % flowering
	-0.5704
	0.6112
	-0.0115
	-0.0013
	0.0178
	-0.0822
	0.0576
	-0.0139
	0.1613
	0.1687

	Days to maturity
	-0.5438
	0.6412
	-0.0145
	0.00229
	0.0231
	-0.1169
	0.0559
	0.0596
	0.2566
	0.3636*

	Plant height (cm)
	-0.1511
	0.2142
	-0.0434
	0.00271
	0.0011
	-0.0490
	0.0147
	-0.0941
	-0.0119
	-0.1169

	Effective tillers per plant
	0.0344
	0.0681
	-0.0054
	0.02149
	0.0091
	-0.0406
	0.0590
	-0.0942
	0.4754
	0.5275**

	Ear head length(cm)
	-0.2800
	0.4073
	-0.0014
	0.00541
	0.0364
	-0.0833
	0.0323
	0.1837
	0.4200
	0.7208**

	Ear head Diameter/ plant (cm)
	-0.2614
	0.4177
	-0.0118
	0.00486
	0.0169
	-0.1795
	0.0696
	0.2338
	0.1535
	0.4438*

	Test weight (g)
	-0.2483
	0.2707
	-0.0048
	0.00959
	0.0089
	-0.0944
	0.1324
	-0.1426
	0.4620
	0.3935*

	Harvest Index (%)
	0.0098
	0.0474
	0.0050
	-0.00251
	0.0083
	-0.0520
	-0.0234
	0.8065
	-0.4143
	0.3849*

	Biological yield per plant (g)
	-0.1087
	0.1944
	0.0006
	0.01207
	0.0180
	-0.0325
	0.0722
	-0.3947
	0.8466
	0.6080**


Table 5: Genotypic Path coefficient analysis showing direct and indirect effect of ten causal variables on grain yield per plant

*, ** significant at 5% and 1% level of significance, respectively. 


	Phenotypic
	Days to 50 % flowering
	Days to maturity
	Plant height (cm)
	Effective tillers per plant
	Ear head length
(cm)
	Ear head Diameter/ plant (cm)
	Test weight (g)
	Harvest Index (%)
	Biological yield per plant (g)
	Grain yield per plant (g)

	Days to 50 % flowering
	0.0036
	-0.0171
	0.0012
	-0.0023
	0.00024
	0.0007
	-0.0047
	-0.0575
	0.1304
	0.0545

	Days to maturity
	0.0033
	-0.0188
	0.0019
	0.0075
	0.00032
	0.0011
	-0.0053
	-0.0129
	0.2252
	0.2024

	Plant height (cm)
	0.0006
	-0.0050
	0.0075
	0.0083
	0.0000
	0.0005
	-0.0011
	-0.0601
	-0.0440
	-0.0934

	Effective tillers per plant
	-0.0001
	-0.0019
	0.0008
	0.07167
	0.0001
	0.0004
	-0.0100
	-0.0794
	0.4803
	0.4621**

	Ear head length(cm)
	0.0009
	-0.0063
	-0.0000
	0.01288
	0.0009
	0.0008
	-0.0063
	0.1780
	0.4518
	0.6327**

	Ear head Diameter/ plant (cm)
	0.0011
	-0.0088
	0.0016
	0.01361
	0.0003
	0.0023
	-0.0083
	0.2148
	0.1776
	0.3945**

	Test weight (g)
	0.0006
	-0.0038
	0.0003
	0.02736
	0.0002
	0.0007
	-0.0262
	-0.1150
	0.4471
	0.3314**

	Harvest Index (%)
	-0.0002
	0.0002
	-0.0005
	-0.00629
	0.0001
	0.0005
	0.0033
	0.9045
	-0.5279
	0.3739**

	Biological yield per plant (g)
	0.0004
	-0.0041
	-0.0003
	0.03320
	0.0004
	0.0004
	-0.0113
	-0.4608
	1.0361
	0.5941**


Table 6: Phenotypic Path coefficient analysis showing direct and indirect effect of ten causal variables on grain yield per plant

*, ** significant at 5% and 1% level of significance, respectively. 



[image: ]
Fig. 1. Genotypic character association analysis among ten characters in pearl millet[image: ]
Fig. 2. Phenotypic character association analysis among ten characters in pearl millet
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