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Genetic Association and Path Analysis of Yield and Related Traits in Chilli Genotypes

Abstract:
 Chilli has shown a high degree of genetic diversity in yield and related traits. The current study used correlation and path coefficient analysis to ascertain the relationship between yield and the characteristics that contribute to yield at an experimental farm in the Department of Vegetable Science at Dr. YS Parmar University of Horticulture and Forestry, Nauni, Himachal Pradesh. 22 genotypes of chillies (two checks) were used in the experiment, which had three replications and a Randomized Complete Block Design. Growth, yield, quality, and disease traits were noted. The number of fruits per plant, fruit weight, dry yield as a percentage of fresh ripe fruit, fruit breadth, fruit length, and number of seeds per fruit were all significantly positively correlated with the fresh ripe fruit yield per plant at both the phenotypic and genotypic levels. Conversely, the yield of fresh, ripe fruit per plant was negatively correlated with days to 50% flowering, days to maturity, and thousand-seed weight. Strong innate links between the traits are indicated by the fact that correlations were stronger in genotypic than in phenotypic forms. According to path analysis, the quantity of fruit per plant had the greatest positive direct influence on output, followed by fruit weight, suggesting that these two traits could be used as selection criteria in programs aimed at improving chillies.
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1. INTRODUCTION
[bookmark: _GoBack]Chilli is an important vegetable and spice crop, Capsicum annuum L., belonging to the Solanaceae family (2n = 2x = 24) and is often grown in tropical and subtropical regions. It originated in tropical America and was brought to India in the sixteenth century by the Portuguese. In Mexico, chillies are thought to have a variety of morphologies (Farwah et al., 2020). Despite being primarily self-pollinated, chillies have a high degree of genetic variety due to inadvertent allogamy, with a cross-pollination rate of 7 to 60 percent (Patel et al., 2022). To facilitate self and cross-pollination, the plant's single white flowers undergo anthesis and stigma receptivity in the morning (Patil et al., 2024). Fruit size, shape, and pungency are examples of commercially significant traits that vary widely. Because of its great nutritional and therapeutic qualities, chilli has been valued. It is rich in minerals, including calcium and iron, as well as vitamins A, C, B6, and K (Chakrabarty et al., 2021; Vishvkarma et al., 2025). While capsaicin is strong and has antioxidant and medicinal properties, capsanthin is responsible for the redness (Bhattacharya et al., 2010). Additionally, the crop contains hypocholesterolemic and antibacterial properties (El-Ghoraba et al., 2013). With 45.89 lakh tons produced on 4.24 lakh hectares of land, India is the world's leading producer, user, and exporter of chillies (Anonymous, 2024). In Chilli, yield is a complex trait influenced by several component characters. When interpreting the links between qualities, correlation and path coefficient analysis are useful tools.
2. Materials and methods:
	The current study was carried out in the Kharif season of 2024 at the Experimental Farm of the Department of Vegetable Science, Dr. Yashwant Singh Parmar University of Horticulture and Forestry, which is situated at an elevation of 1276 meters above mean sea level (30°52′30′ N latitude and 77°11′30′ E longitude) in the mid-hill zone of Himachal Pradesh, India. The area has a sub-humid, sub-temperate climate, and a maximum precipitation in August. he 22 chilli genotypes used in the experiment were the checks, DKC-8 and Him Palam Mirch-2, using RBD design with three replications which were supplied by CSK Himachal Pradesh Krishi Vishvavidyalaya. The remaining 20 genotypes were gathered at Dr. YS Parmar University of Horticulture and Forestry, Nauni, Solan, Himachal Pradesh. Growth, phenological, yield, quality, and disease characteristics, such as days to 50 per cent flowering, days to fruit maturity, plant height, number of fruits per plant, fruit weight, fruit length and breadth, pedicel length, fresh The data were statistically analyzed using MS Excel, OPSTAT, and SPAR 2.0 software; path coefficient analysis was carried out in accordance with Dewey and Lu (1959), and correlation coefficients at the phenotypic, genotypic, and environmental levels were computed using the method of Al-Jibouri et al. (1958).
Table 1: List of Chilli genotypes along with their sources of collection used in the present 	study
	 Sr. No.
	 Genotypes
	Source

	1.
	UHF-CHI-1-12
	UHF, Nauni, Solan

	2.
	UHF-CHI-2-14
	UHF, Nauni, Solan

	3.
	UHF-CHI-5-1
	UHF, Nauni, Solan

	4.
	UHF-CHI-5-2
	UHF, Nauni, Solan

	5.
	UHF-CHI-5-8
	UHF, Nauni, Solan

	6.
	UHF-CHI-5-9
	UHF, Nauni, Solan

	7.
	UHF-CHI-5-10
	UHF, Nauni, Solan

	8.
	UHF-CHI-5-11
	UHF, Nauni, Solan

	9.
	UHF-CHI-5-12
	UHF, Nauni, Solan

	10.
	UHF-CHI-9-10
	UHF, Nauni, Solan

	11.
	UHF-CHI-10
	UHF, Nauni, Solan

	12.
	UHF-CHI-10-1
	UHF, Nauni, Solan

	13.
	UHF-CHI-42
	UHF, Nauni, Solan

	14.
	UHF-CHI-43
	UHF, Nauni, Solan

	15.
	UHF-CHI-44
	UHF, Nauni, Solan

	16.
	UHF-CHI-45
	UHF, Nauni, Solan

	17.
	UHF-CHI-46
	UHF, Nauni, Solan

	18.
	UHF-CHI-47
	UHF, Nauni, Solan

	19.
	UHF-CHI-48
	UHF, Nauni, Solan

	20.
	G-1-1
	UHF, Nauni, Solan

	21.
	Him Palam Mirch-2(Check)
	CSK HPKV, Palampur

	22.
	DKC-8 (Check)
	UHF, Nauni, Solan



3. Results and discussion:
3.1 Correlation studies
                The number of red fruits per plant (0.88 and 0.89), red fruit weight (0.76 and 0.77), dry yield as a percentage of fresh ripe (0.62 and 0.63), red fruit breadth at middle (0.57 and 0.58), red fruit length (0.46 and 0.47), and number of seeds per fruit (0.36 and 0.37) were all found to be significantly and positively correlated at the phonotypic and genotypic levels. while exhibiting negative and significant associations with thousand seed weight (-0.48 and -0.49), days to 50% blooming (-0.47 and -0.49), and days to maturity (-0.76 and -0.78), respectively.
                  Plant height, number of fruits per plant, fresh ripe yield per plant, and dry yield as a proportion of fresh ripe all showed strong positive connections, according to Garima (2019). On the other hand, there is a negative relationship with thousand-seed weight. Fruit weight, fruit breadth, and fruit quantity all positively correlated with fresh ripe output per plant, according to Srinivas et al. (2020). Fruit length, fruit weight, and number of fruits per plant were found to be strongly positively correlated with fresh ripe yield per plant (Kumar et al., 2012). Days to fresh-ripe maturity (0.43 and 0.45) and days to 50% blooming (0.40 and 0.44) were significantly positively correlated with thousand-seed weight at both the phenotypic and genotypic levels. The number of fruits (-0.51 and -0.53), red fruit breadth (-0.46 and -0.47), dry yield as a percentage of fresh ripe (-0.34 and -0.36), pedicel length (-0.32 and -0.35), and red fruit weight (-0.32 and -0.33) all exhibited a strong negative connection.
          Red fruit weight (0.40 and 0.41), red fruit breadth at center (0.38 and 0.38), number of red fruits per plant (0.46 and 0.48), and dry yield as a percentage of fresh ripe (0.60 and 0.61) all significantly positively correlated with the number of seeds per fruit at both phenotypic and genotypic levels. However, days to 50% flowering (-0.36 and -0.37) and pedicel length (-0.46 and -0.48) showed significant negative relationships. Furthermore, dry yield as a percentage of fresh ripe showed a significant negative correlation with days to 50% flowering (-0.44 and -0.45) and days to fresh ripe maturity (-0.52 and -0.53), respectively, but a significant positive correlation with the number of red fruits per plant (0.65 and 0.66), red fruit weight (0.52 and 0.53), and red fruit breadth at middle (0.47 and 0.48). In contrast to days to 50% flowering, Garima (2019) found a significant positive association between the average red fruit weight and the number of seeds per fruit. Furthermore, using dry yield as a proportion of fresh ripe fruit, Timmarao et al. (2023) discovered a substantial negative association between days to maturity and days to 50% blooming.
            The number of red fruits per plant (0.59 and 0.60), red fruit weight (0.46 and 0.46), red fruit length (0.28 and 0.29), and plant height (0.26 and 0.26) all showed positive and significant correlations with red fruit breadth at the middle phenotypic and genotypic level; however, days to 50% flowering (-0.39 and -0.40) and days to fresh ripe maturity (-0.52 and -0.54). Additionally, there was a positive and significant genotypic and phenotypic correlation between red fruit length and fruit weight (0.48 and 0.48), plant height (0.44 and 0.46), and the number of red fruits per plant (0.35 and 0.36), but a negative significant correlation with days to 50% flowering (-0.39 and -0.42) and days to fresh ripe maturity (-0.58 and -0.59), respectively.
          Fruit length, fruit weight, and fruit diameter have been reported to show significant positive correlations in chilli by Hasan et al. (2016), Usman et al. (2017) and Srinivas et al. (2020). In a similar manner, Verma et al. (2014) observed that fresh red ripe fruit length, fruit width, and fruit weight were also positively and significantly associated. These findings indicate that improvement in one fruit trait may lead to simultaneous enhancement in other economically important fruit characters. Hasan et al. (2016), however, also reported that fruit length was strongly and negatively correlated with days to 50% flowering and days to red fruit maturity, suggesting that longer fruits were associated with earlier flowering and maturity. Likewise, red fruit weight showed significant negative associations with days to 50% flowering and days to fresh ripe maturity, but it was positively and significantly correlated with number of fruits per plant, with correlation coefficients of 0.58 and 0.60, respectively. In the same study, days to 50% flowering (-0.62 and -0.65) and days to fresh ripe maturity (-0.75 and -0.79) were found to be significantly and negatively correlated with the number of red fruits per plant.
Further, Vikram et al. (2014) reported a significant negative correlation between number of fruits per plant and days to fruit maturity, indicating that early maturing genotypes tended to produce more fruits. Verma et al. (2014) also observed a strong positive correlation between red ripe fruit weight and number of fruits per plant. Similarly, Hasan et al. (2016) and Srinivas et al. (2020) reported that fruit weight was positively and significantly associated with number of fruits per plant. Moreover, studies have consistently shown that days to 50% flowering and days to red fruit maturity are significantly and positively correlated. Supporting this, Vikram et al. (2014) also found a strong positive relationship between days to maturity and days to 50% flowering.







[bookmark: _Hlk198282894]	Table 2: Phenotypic and genotypic coefficients of correlation among different traits in chilli genotypes
	Characters
	
	DTFF
	DTFRFM
	PH
	NOF
	FW
	FL
	FB
	PL
	DY
	NOS
	TSW
	TCC
	ACC

	DTFRFM
	P
	0.76*
	
	
	
	
	
	
	
	
	
	
	
	

	
	G
	0.81*
	
	
	
	
	
	
	
	
	
	
	
	

	PH
	P
	-0.39*
	-0.40*
	
	
	
	
	
	
	
	
	
	
	

	
	G
	-0.41*
	-0.42*
	
	
	
	
	
	
	
	
	
	
	

	NOF
	P
	-0.62*
	-0.75*
	0.19
	
	
	
	
	
	
	
	
	
	

	
	G
	-0.65*
	-0.79*
	0.19
	
	
	
	
	
	
	
	
	
	

	FW
	P
	-0.37*
	-0.56*
	-0.08
	0.58*
	
	
	
	
	
	
	
	
	

	
	G
	-0.39*
	-0.58*
	-0.08
	0.60*
	
	
	
	
	
	
	
	
	

	FL
	P
	-0.39*
	-0.58*
	0.44*
	0.35*
	0.48*
	
	
	
	
	
	
	
	

	
	G
	-0.42*
	-0.59*
	0.46*
	0.36*
	0.48*
	
	
	
	
	
	
	
	

	FB
	P
	-0.39*
	-0.52*
	0.26*
	0.59*
	0.46*
	0.28*
	
	
	
	
	
	
	

	
	G
	-0.40*
	-0.54*
	0.26*
	0.60*
	0.46*
	0.29*
	
	
	
	
	
	
	

	PL
	P
	-0.26*
	-0.24*
	0.28*
	0.07
	-0.07
	0.18
	0.14
	
	
	
	
	
	

	
	G
	-0.27*
	-0.26*
	0.29*
	0.06
	-0.08
	0.20
	0.14
	
	
	
	
	
	

	DY
	P
	-0.44*
	-0.52*
	0.17
	0.65*
	0.52*
	0.20
	0.47*
	-0.06
	
	
	
	
	

	
	G
	-0.45*
	-0.53*
	0.17
	0.66*
	0.53*
	0.21
	0.48*
	-0.06
	
	
	
	
	

	NOS
	P
	-0.36*
	-0.21
	0.04
	0.46*
	0.40*
	0.08
	0.38*
	-0.46*
	0.60*
	
	
	
	

	
	G
	-0.37*
	-0.22
	0.05
	0.48*
	0.41*
	0.08
	0.38*
	-0.48*
	0.61*
	
	
	
	

	TSW
	P
	0.44*
	0.45*
	-0.07
	-0.53*
	-0.33*
	-0.07
	-0.47*
	-0.35*
	-0.36*
	-0.20
	
	
	

	
	G
	0.41*
	0.43*
	-0.07
	-0.51*
	-0.32*
	-0.07
	-0.46*
	-0.32*
	-0.34*
	-0.19
	
	
	

	TCC
	P
	0.08
	0.20
	-0.26*
	-0.06
	-0.05
	-0.34*
	-0.04*
	-0.43*
	-0.18
	0.13
	0.02
	
	

	
	G
	0.08
	0.20
	-0.27*
	-0.07
	-0.05
	-0.34*
	-0.04*
	-0.46*
	-0.19
	0.14
	0.03
	
	

	ACC
	P
	0.08
	-0.21
	0.07
	-0.09
	-0.03
	0.01
	-0.02*
	0.38*
	-0.08
	-0.48*
	0.16
	-0.34*
	

	
	G
	0.09
	-0.22
	0.07
	-0.09
	-0.03
	0.02
	-0.02*
	0.39*
	-0.08
	-0.48*
	0.16
	-0.34*
	

	FY
	P
	-0.47*
	-0.76*
	0.15
	0.88*
	0.76*
	0.46*
	0.57*
	0.04
	0.62*
	0.36*
	-0.48*
	-0.13*
	-0.01

	
	G
	-0.49*
	-0.78
	0.15
	0.89*
	0.77*
	0.47*
	0.58*
	0.03
	0.63*
	0.37*
	-0.49*
	-0.13*
	-0.01


* Significant at 5% level of significance where, DTFF= Days to 50% flowering, DTFRFM= Days to fresh ripe fruit maturity, NOF= Number of fruit per plant, FW= Fruit weight at red ripe stage (g), FL= Fruit length at red ripe stage (cm), PL= Pedicel length, FB= Fruit breadth at middle at red ripe stage (cm), PH= Plant height, DY= Dry yield as percentage of fresh ripe (%), NOS= Number of seeds per fruit, TSW= Thousand seed weight, ACC= Ascorbic acid content (mg/100g), TCC= Total capsaicinoids content (%)

        3.2 Path coefficient analysis
           According to the genotypic path coefficient analysis, fresh ripe fruit yield per plant was most significantly positively impacted by the number of red fruits per plant (0.6006), followed by red fruit weight (0.3688), days to 50% flowering (0.3008), plant height (0.0645), dry yield as a percentage of fresh ripe (0.0188), and red fruit breadth (0.0026). Days to fresh ripe maturity (-0.3592) was the trait with the greatest negative direct effect, followed by the number of seeds per fruit (-0.1107), red fruit length (-0.0569), pedicel length (-0.0392), ascorbic acid content (-0.1122), total capsaicinoids content (-0.0705), and thousand seed weight (-0.0263). Days to fresh ripe fruit maturity (0.0755) showed a favourable indirect influence of ascorbic acid content on fresh ripe fruit output per plant at the genotypic level. Through days to fresh-ripe maturity (-0.0714), total capsaicinoid level had the largest detrimental indirect influence on fresh-ripe fruit output per plant. Fresh mature fruit output per plant was negatively impacted by thousand-seed weight (-0.3070) through the number of fruits per plant. On the other hand, through the number of fruits per plant, the number of seeds per fruit (0.2788) had the most beneficial indirect effect on the yield of fresh, ripe fruit per plant.
           Similarly, through the quantity of red fruits per plant, dry yield as a percentage of fresh ripe showed the strongest positive indirect effect on fresh ripe fruit production per plant (0.3878). At the genotypic level, pedicel length (0.0854) had the most favourable effect on fresh fruit yield through days to fresh ripe fruit maturity. Through the quantity of red fruits per plant, fruit breadth (0.3532) exhibits the strongest positive indirect effect on fresh ripe fruit yield at the genotypic level. The quantity of red fruits, fruit weight (0.3495), and fruit length (0.2106) had the biggest indirect positive effects on the production of fresh, ripe fruit. On the other hand, the number of days to fresh ripe maturity was positively impacted by the quantity of red fruit per plant (0.2695). 
       Fresh ripe fruit output was positively and indirectly impacted by plant height (0.1437) through fresh ripe fruit maturity. However, through the quantity of fruits, days to fresh-ripe fruit maturity (-0.4507) had a negative indirect effect on fresh-ripe fruit output. Additionally, the number of red fruits per plant and days to 50% flowering had the largest detrimental indirect effect on fresh ripe fruit yield. Similar results ere found by Tilahun et al. (2022). The study's genotypic residual effect was 0.083. Research has repeatedly shown that some traits have a detrimental impact on the production of ripe, fresh fruit. For example, fruit length had a negative direct influence, according to a study by Pandiyaraj et al. (2017). According to Vikram et al. (2014), the quantity of seeds per fruit also directly reduces yield. Furthermore, according to Yatung et al. (2014), capsaicinoid content has been found to directly reduce the production of fresh-ripe fruit. These results highlight the importance of selecting features that increase yield potential.

[bookmark: _Hlk198283748]    Table 3: Estimates of direct and indirect effects of different traits on yield in chilli genotypes
	Characters
	DTFF
	DTMR
	PH
	NOF
	FW
	FL
	FB
	PL
	DY
	NOS
	TSW
	CCC
	ACC
	Genotypic correlation coefficient (FY)

	DTFF
	0.3008
	-0.273
	-0.0249
	-0.3725
	-0.1379
	0.0223
	-0.001
	0.0101
	-0.0082
	0.0395
	-0.0106
	-0.0056
	-0.0092
	-0.49*

	  DTMR
	0.2287
	-0.3592
	-0.0258
	-0.4507
	-0.2061
	0.0329
	-0.0014
	0.0093
	-0.0097
	0.0235
	-0.0114
	-0.014
	0.0236
	-0.78*

	 PH
	-0.1164
	0.1437
	0.0645
	0.111
	-0.0284
	-0.0253
	0.0007
	-0.0109
	0.0032
	-0.0047
	0.0019
	0.0185
	-0.0078
	0.15

	      NOF
	-0.1866
	0.2695
	0.0119
	0.6006
	0.2146
	-0.02
	0.0015
	-0.0026
	0.0121
	-0.0514
	0.0134
	0.0041
	0.0101
	0.89*

	      FW
	-0.1125
	0.2007
	-0.005
	0.3495
	0.3688
	-0.0271
	0.0012
	0.0028
	0.0098
	-0.0444
	0.0084
	0.0032
	0.0029
	0.77*

	FL
	-0.1179
	0.2077
	0.0286
	0.2106
	0.1757
	-0.0569
	0.0007
	-0.0072
	0.0037
	-0.0089
	0.0018
	0.0242
	0.0004
	0.47*

	FB
	-0.1167
	0.188
	0.0164
	0.3532
	0.168
	-0.016
	0.0026
	-0.0053
	0.0088
	-0.0421
	0.0121
	0.003
	0.0022
	0.58*

	PL
	-0.0775
	0.0854
	0.0179
	0.039
	-0.0263
	-0.0105
	0.0004
	-0.0392
	-0.0011
	0.0506
	0.0085
	0.0304
	-0.0421
	0.03

	DY
	-0.131
	0.1861
	0.011
	0.3878
	0.1931
	-0.0113
	0.0012
	0.0022
	0.0188
	-0.066
	0.009
	0.0126
	0.0095
	0.63*

	NOS
	-0.1074
	0.0761
	0.0028
	0.2788
	0.1477
	-0.0046
	0.001
	0.0179
	0.0112
	-0.1107
	0.0051
	-0.0093
	0.0538
	0.37*

	TSW
	0.1218
	-0.156
	-0.0047
	-0.3070
	-0.1184
	0.0039
	-0.0012
	0.0127
	-0.0065
	0.0214
	-0.0263
	-0.0003
	-0.0174
	-0.49*

	CCC
	0.0241
	-0.0714
	-0.0169
	-0.0350
	-0.0167
	0.0195
	-0.0001
	0.0169
	-0.0034
	-0.0146
	-0.0001
	-0.0705
	0.0378
	-0.13

	ACC
	0.0245
	0.0755
	0.0045
	-0.0540
	-0.0094
	0.0002
	-0.0001
	-0.0147
	-0.0016
	0.0531
	-0.0041
	0.0238
	-0.1122
	-0.01


* Significant at 5% level of significance where, DTFF= Days to 50% flowering, DTFRFM= Days to fresh ripe fruit maturity, NOF= Number of fruit per plant, FW= Fruit weight at red ripe stage (g), FL= Fruit length at red ripe stage (cm), PL= Pedicel length, FB= Fruit breadth at middle at red ripe stage (cm), PH= Plant height, DY= Dry yield as percentage of fresh ripe (%), NOS= Number of seeds per fruit, TSW= Thousand seed weight, ACC= Ascorbic acid content (mg/100g), TCC= Total capsaicinoids content (%) 
Diagonal figures represent the direct effect | Residual effect: = 0.083

The quantity of red fruits per plant directly increases the yield of fresh fruits, according to research by Hasan et al. (2016), Vidya et al. (2018), and Srinivas et al. (2020). Plant height directly increased the yield of fresh, ripe fruit, according to Reddy et al. (2008), Hasan et al. (2016), Vidya et al. (2018), and Manikandan et al. (2018). Days to 50% flowering directly increased the yield of fresh, ripe fruit, according to Vikram et al. (2014) and Vidya et al. (2018). Reddy et al. (2008), on the other hand, found that pedicel length directly reduced yield. The weight of fruits at the red-ripe stage directly and favorably affects the total output of fresh ripe fruits per plant, according to Choudhary and Samadia (2004), Patil et al. (2024), and Shweta et al. (2018). Days to maturity had a direct detrimental effect on fruit yield, according to Kumar et al. (2012). According to Deepo et al. (2020), the production of fresh, ripe fruit per plant is negatively affected by thousand-seed weight. According to Bijalwan et al. (2013), the yield of fresh, ripe fruit was directly impacted negatively by red fruit length. Dry yield as a proportion of fresh ripe fruit showed a substantial, favorable direct effect, according to Vikram et al. (2014). According to Chavan et al. (2021), fruit output per plant was positively correlated with the quantity of fruits per plant.
Conclusion:
The current research demonstrated that a significant level of genetic variation existed among the 22 genotypes of chilli, which implies that there is great potential to utilize and enhance the production and other attributes. There were strong and significant positive relationships between fresh ripe fruit yield per plant and number of fruits per plant, weight of fruit, dry yield as percentage of fresh ripe fruit, and breadth of fruit, length of fruit and the number of seeds per fruit, and negative relationships between fresh ripe fruit yield per plant and days to 50% flowering, days to fresh ripe fruit maturity, and thousand seed weight. Path coefficient analysis also supported the fact that the number of fruits per plant had the greatest positive direct influence on fresh ripe fruit yield per plant, then fruit weight, days to 50% flowering and plant height and days to fresh ripe fruit maturity had the greatest negative direct influence. These findings indicate that the most promising selection criteria to enhance the yield in chilli are number of fruits per plant and weight of fruits. UHF-CHI-9-10 came out as the highest performing genotype in terms of earliness in flowering and maturity as well as the high fruit weight, fruit length, fruit breadth, number of fruits per plant, fresh ripe yield per plant, fresh ripe yield per hectare, and dry yield percentage. Thus, the genotype is quite promising in breeding programmes and varietal enhancement of chilli in the future.
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