Studies of Path-Coefficient Analysis of Yield Components in Pearl Millet [Pennisetum glaucum (L.) R. Br.]

ABSTRACT
Path-coefficient analysis was employed to investigate the direct and indirect effects of various yield components on grain yield in pearl millet [Pennisetum glaucum (L.) R. Br.] during the Kharif season of 2023. Path-coefficient analysis was utilized to examine the direct and indirect effects of various yield components on grain yield in pearl millet [Pennisetum glaucum (L.) R. Br.]. The study included 15 genotypes and 11 traits, namely days to 50% flowering, days to maturity, plant height, number of effective tillers per plant, ear head length, ear head diameter, test weight, harvest index, dry fodder yield per plant, biological yield per plant, and grain yield per plant. The results indicated that biological yield per plant (3.09273) showed the highest direct positive effect on grain yield at the phenotypic level, followed by harvest index (0.00070) and ear head length (0.00022). On the other hand, dry fodder yield per plant exhibited the highest negative direct effect (-2.63120). At the genotypic level, harvest index (3.01206) exhibited the highest direct positive effect on grain yield, followed by biological yield per plant (3.01206) and plant height (0.00035). Dry fodder yield per plant showed the highest negative direct effect (-2.70743). The low residual effects (phenotypic = 0.00153; genotypic = 0.00012) indicated that the model effectively explained most of the variability in grain yield, emphasizing the importance of these traits in pearl millet breeding programs aimed at enhancing grain yield of pearl millet.
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INTRODUCTION 
[bookmark: _GoBack]“The sixth most significant cereal crop in the world, pearl millet [Pennisetum glaucum (L) R. Br], 2n = 14, is an annual C4 coarse-grained crop that is largely grown by resource-poor farmers in arid and semi-arid parts of Africa and the Indian subcontinent” (Srivastava et al., 2020). According to Kumawat et al. (2019), it may flourish in harsh environments such as drought, salt, low rainfall, and fertility. It can produce more biomass and has several forage crop traits, including strong tillering capacity, quick regeneration efficiency, increased leaf area, better green fodder output, and resistance to pests and diseases. “Pearl millet remains as the major source of nutritious food for poorest people in semi-arid regions of tropical and sub-tropical countries. It is the staple food grain with a high nutritional value and is also used as a feed, fodder, construction material and even its potential as a source of bio-fuel “(Singh and Chhabra, 2018). “In India, it is grown in an area of 7.4 million hectares with 9.13 million tonnes of production and a productivity of 1237 kg/ha (Directorate of millets Development). Pearl millet grains are rich in calories, proteins (6-15%), fat (5-6%), carbohydrates (60-72%), fibre (1-1.8%), vitamins, minerals and less amount of antinutritional factors like HCN, Phytic acid which makes it highly nutritive and palatable crop in comparison with other crops” (Sharma et al., 2018). The identification of key traits influencing grain yield is critical for effective crop improvement strategies. While correlation studies can provide insights into the relationship between traits, they do not distinguish between direct and indirect effects. Path-coefficient analysis is a powerful tool for partitioning the correlation coefficients and assessing the direct contribution of each character to the yield. This study aimed to use path-coefficient analysis to evaluate the genetic and phenotypic relationships among several yield-related traits in pearl millet. “Path analysis gives impact of each contributing characters to yield directly as well as indirectly and also helps the breeders to rate the genetic traits according their contribution. The objective of the present study was to assess genetic variability for yield and related traits and to compare the correlations of the characters on grain yield present in the diverse pearl millet genotypes for the different characters”. (M., & Leninraja, D. et al., 2020).
MATERIALS AND METHODS
The study was conducted during the Kharif season of 2023 at the Organic Research Farm, Kargua Ji, Bundelkhand University, Jhansi, Uttar Pradesh (at 78ᵒ 36’59’’ E longitude and 25ᵒ 27’03.4’’ N Latitude and 285m ASL). A set of fifteen genotypes of pearl millet were evaluated in a randomized block design with three replications. The genotypes were analyzed for eleven traits, including days to 50 percent flowering, days to maturity, plant height, number of effective tillers per plant, ear head length, ear head diameter, test weight, harvest index, dry fodder yield per plant, biological yield per plant, and grain yield per plant. Path-coefficient analysis was performed to partition the correlation coefficients of these traits with grain yield into direct and indirect effects at both phenotypic and genotypic levels. Correlation coefficients between different characters and path coefficients were calculated as per Al-Jibouri et al. (1958) and Dewey and Lu (1959), respectively.
RESULTS AND DISCUSSION
The path analysis at the phenotypic level, the highest direct positive effect on grain yield was observed for biological yield per plant (3.09273), followed by days to maturity, harvest index, ear head diameter, and ear head length. These traits showed substantial positive direct effects on grain yield, highlighting their importance in increasing productivity. Biological yield per plant, in particular, strongly influenced grain yield, suggesting that selection for increased biomass can directly enhance grain yield. In contrast, dry fodder yield per plant (-2.63120), days to 50% flowering (-0.00179), test weight (-0.00069), and plant height (-0.00055) exhibited the highest direct negative effects on grain yield. The negative effect of dry fodder yield per plant suggests a trade-off between fodder and grain production in pearl millet. Days to 50% flowering and test weight also negatively impacted grain yield, likely due to the longer duration and potential for reduced grain filling associated with delayed flowering and lower test weight.
At the genotypic level, harvest index (3.01206) showed the highest direct positive effect on grain yield, followed by days to maturity, plant height, ear head diameter, and ear head length. These results reinforce the importance of harvest index as a key trait influencing grain yield. Plant height and ear head diameter also contributed positively to grain yield, albeit to a lesser extent. The highest negative direct effect on grain yield was observed for dry fodder yield per plant (-2.70743), indicating the negative relationship between fodder and grain production. Days to 50% flowering (-0.00368), test weight (-0.00056), and number of effective tillers per plant (-0.00023) also showed negative direct effects, contributing to the overall negative impact of these traits on grain yield.
“Path analysis further revealed that the high positive association of certain traits with grain yield was mainly due to their indirect effects through harvest index and dry fodder yield per plant. These two traits had the largest direct effects, but other traits, such as days to 50% flowering, days to maturity, number of effective tillers per plant, ear head diameter, and test weight, also contributed indirectly to grain yield. Days to 50% flowering and days to maturity were negatively associated with grain yield due to their indirect effects. Delayed flowering and maturity can lead to a longer crop cycle, which may not allow for optimal grain filling. In agreement with previous studies” (Singh and Singh 2016; Kumar et al., 2020), “the negative association between delayed flowering and grain yield suggests that earlier flowering genotypes may be more desirable in breeding programs to improve yield potential. Previous studies have also demonstrated the importance of harvest index as a determinant of grain yield in cereal crops. For example, in maize, harvest index was found to be positively correlated with grain yield” (Parmar et al., 2022). “Similarly, biological yield per plant has been identified as a key trait influencing grain yield in sorghum and pearl millet” (Rajpoot et al., 2018). “The negative effect of dry fodder yield on grain yield is consistent with the trade-off between fodder and grain production commonly observed in drought-tolerant cereal crops” (Ressaissi et al., 2023).







Table 1: Direct (Diagonal) effects of different characters on grain yield at phenotypic (P) and genotypic (G) in pearl millet
	Character
	Days to 50 per cent flowering
	Days to maturity
	Plant height (cm)
	Number of effective tillers per plant
	Ear head length (cm)
	Ear head diameter (cm)
	Test weight (g)
	Harvest index (%)
	Dry fodder yield per plant (g)
	Biological yield per plant (g)

	Days to 50 per cent flowering
	P
	-0.00179
	0.00161
	-0.00002
	0.00001
	0.00022
	0.00052
	-0.00069
	0.00070
	-2.63120
	3.09273

	
	G
	-0.00368
	0.00373
	0.00035
	-0.00017
	0.00018
	0.00059
	-0.00056
	-0.00632
	-2.70743
	3.01206


Residual effect: Phenotype = 0.00153 and Genotype = 0.00012














Table 2: Direct (Diagonal) and indirect (non-diagonal) effects of different characters on grain yield at phenotypic (P) and genotypic (G) in pearl millet
	[bookmark: _Hlk170109639]Character
	Days to 50 per cent flowering
	Days to maturity
	Plant height (cm)
	Number of effective tillers per plant
	Ear head length (cm)
	Ear head diameter (cm)
	Test weight (g)
	Harvest index (%)
	Dry fodder yield per plant (g)
	Biological yield per plant (g)
	Grain yield per plant (g)

	Days to 50 per cent flowering
	P
	-0.00179
	0.00155
	0.00001
	-0.00001
	-0.00005
	0.00022
	0.00031
	-0.00049
	-1.65315
	1.45032
	-0.203

	
	G
	-0.00368
	0.00372
	-0.00010
	0.00006
	-0.00006
	0.00026
	0.00027
	0.00452
	-1.83934
	1.57400
	-0.260

	Days to maturity
	P
	-0.00172
	0.00161
	0.00001
	-0.00001
	-0.00006
	0.00022
	0.00033
	-0.00044
	-1.63658
	1.51153
	-0.125

	
	G
	-0.00367
	0.00373
	-0.00007
	0.00005
	-0.00007
	0.00027
	0.00028
	0.00405
	-1.89603
	1.74045
	-0.151

	Plant height (cm)
	P
	0.00025
	-0.00020
	-0.00002
	0.00001
	0.00003
	-0.00001
	-0.00018
	-0.00001
	-0.62269
	0.83861
	0.216

	
	G
	0.00104
	-0.00079
	0.00035
	-0.00004
	0.00006
	-0.00034
	-0.00024
	0.00048
	0.47614
	-0.82260
	-0.346*

	Number of effective tillers per plant
	P
	0.00042
	-0.00040
	-0.00001
	0.00001
	0.00006
	-0.00022
	-0.00023
	0.00007
	0.01621
	0.11058
	0.103

	
	G
	0.00117
	-0.00113
	0.00009
	-0.00017
	0.00008
	-0.00049
	-0.00020
	-0.00081
	0.82651
	-0.94817
	-0.166

	Ear head length (cm)
	P
	0.00042
	-0.00043
	-0.00001
	0.00001
	0.00022
	-0.00016
	-0.00007
	-0.00009
	-0.26436
	0.26429
	0.001

	
	G
	0.00128
	-0.00137
	0.00011
	-0.00008
	0.00018
	-0.00030
	-0.00008
	0.00113
	-0.44236
	0.43676
	-0.002

	Ear head diameter (cm)
	P
	-0.00076
	0.00068
	0.00001
	-0.00001
	-0.00007
	0.00052
	0.00002
	-0.00019
	-0.86191
	0.86819
	-0.002

	
	G
	-0.00160
	0.00171
	-0.00020
	0.00014
	-0.00009
	0.00059
	0.00003
	0.00182
	-0.45260
	0.22678
	-0.236

	Test weight (g)
	P
	0.00081
	-0.00077
	-0.00001
	0.00001
	0.00002
	-0.00002
	-0.00069
	-0.00001
	0.54822
	-0.81590
	-0.269

	
	G
	0.00174
	-0.00183
	0.00015
	-0.00006
	0.00003
	-0.00003
	-0.00056
	0.00010
	0.66950
	-0.98812
	-0.319*

	Harvest index (%)
	P
	0.00126
	-0.00101
	0.00001
	0.00001
	-0.00003
	-0.00014
	0.00001
	0.00070
	1.57229
	-1.01119
	0.562**

	
	G
	0.00263
	-0.00238
	-0.00003
	-0.00002
	-0.00003
	-0.00017
	0.00001
	-0.00632
	1.82024
	-1.18611
	0.627**

	Dry Fodder yield per plant (g)
	P
	-0.00112
	0.00100
	-0.00001
	-0.00001
	0.00002
	0.00017
	0.00014
	-0.00042
	-2.63120
	2.94346
	0.312*

	
	G
	-0.00250
	0.00261
	-0.00006
	0.00005
	0.00003
	0.00010
	0.00014
	0.00425
	-2.70743
	2.84318
	0.141

	Biological yield per plant (g)
	P
	-0.00084
	0.00079
	-0.00001
	0.00001
	0.00002
	0.00014
	0.00018
	-0.00023
	-2.50421
	3.09273
	0.589**

	
	G
	-0.00192
	0.00215
	-0.00009
	0.00005
	0.00003
	0.00004
	0.00018
	0.00249
	-2.55563
	3.01206
	0.460**


Residual effect: Phenotype = 0.00153 and Genotype = 0.00012


Conclusion:
The path-coefficient analysis provided valuable insights into the direct and indirect effects of yield components on grain yield in pearl millet. The analysis showed that biological yield per plant and harvest index were the most influential traits for increasing grain yield. Specifically, biological yield and harvest index contributed significantly to grain yield both phenotypically and genotypically. On the other hand, dry fodder yield per plant had a negative impact on grain yield. The low residual effects suggest that the model used in this study successfully captured most of the variability in grain yield, making these traits essential for selection in breeding programs aimed at improving pearl millet yield.
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