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[bookmark: _Hlk209437608]Abstract
Onion (Allium cepa L.) is a globally important vegetable crop where yield improvement depends on multiple morphological, quality, and resistance traits. The study investigated 18 onion (Allium cepa L.) genotypes in order to determine correlations and path coefficient associations between yield, quality, and resistance parameters under short-day circumstances. Genotypic correlations were frequently larger than phenotypic correlations, indicating that genetic relationships were somewhat obscured by environmental factors. The number of leaves had substantial positive connections with polar diameter, equatorial diameter, bulb weight, and yield features, indicating its role in assimilate production. Among bulb features, equatorial diameter had the strongest relationship with bulb weight and yield, with bulb weight exhibiting a nearly perfect connection (r > 0.95) with both marketable and total yield. Neck diameter correlated positively with days to maturity but negatively with reducing sugars, total sugars, and pyruvic acid, indicating a maturity-quality trade-off. Quality characteristics like reducing sugars and total sugars were substantially connected (r > 0.90), although pyruvic acid had a somewhat favourable relationship with yield traits. Biotic stress measures had a considerable impact on production, with thrips infestation and Stemphylium blight incidence showing strong negative associations with bulb size and yield. A positive correlation between thrips and illness severity demonstrated their combined negative influence. Average bulb weight was shown to be the most significant characteristic with the greatest direct positive impact on yield (1.036), followed by bulb diameter (0.734) and number of leaves (0.793). On the other hand, Stemphylium blight (–0.649) and thrips infestation (–0.738) had significant detrimental direct impacts. The results indicate that onion yield may be increased by selecting for higher bulb weight, more leaves, larger bulb diameter, and resistance to key pests and diseases.
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Introduction
Onion (Allium cepa L.) is one of the most important vegetable crops worldwide, valued both as a staple food and as a source of nutraceutical compounds such as flavonoids and organosulfur compounds (Sharma et al., 2025). Globally, onion ranks among the leading vegetables in terms of production and consumption (FAO, 2023). In India, onion is a key commercial crop, contributing significantly to the agricultural economy. National production in 2022–23 was reported at about 302.08 lakh tonnes, though considerable inter-annual fluctuations are observed due to climatic and market factors (DAC&FW, 2023). West Bengal, while not the largest producing state, is an important onion-growing region that supplies local and regional markets (PIB, 2024).
For genetic improvement, it is essential not only to measure variability but also to understand interrelationships among yield, quality, and resistance traits. Correlation analysis provides insight into the magnitude and direction of association among characters, while path coefficient analysis partitions these correlations into direct and indirect effects (Dewey and Lu, 1959; Singh and Chaudhary, 1977). Such analyses help breeders identify traits with the greatest causal influence on yield and quality, thereby refining selection strategies.
Onion productivity is also affected by several biotic stresses. Foliar diseases such as purple blotch caused by Alternaria porri and Stemphylium leaf blight are widespread and cause severe yield losses in humid regions, including eastern India (Dar et al., 2020). Insect pests such as onion thrips (Thrips tabaci) and invasive species like Thrips parvispinus have also emerged as serious constraints to bulb yield and quality (Saini et al., 2024). Identifying genotypic variability in resistance/tolerance to such stresses is therefore a crucial breeding objective.
Quality attributes such as total soluble solids (TSS), dry matter content, bulb shape, storage life, and pungency are major determinants of consumer preference and processing suitability. Pyruvic acid concentration is widely used as a biochemical indicator of pungency and is directly associated with onion flavor intensity (Ketter, 1998; Ianni et al., 2016).
Materials and methods
The experiment was conducted during Rabi 2020–21 at the “C” Block Farm, Bidhan Chandra Krishi Viswavidyalaya, Kalyani, Nadia, West Bengal (22.89°N, 88.45°E; 9.75 m above MSL). The soil was sandy loam, neutral in pH (7.1), low in organic carbon and available N and P, and medium in K (NBSS&LUP, 2015). Eighteen onion genotypes namely JRO-14-14, NHO-920, PRO-9, L-913, Kasi No.1, Balwan, Rashidpura, Sandeep, Sona, DOGR-1639, PRO-8, DOGR-1625, DOGR-1626, Bhima Shakti, Bhima Kiran, NHRDF Red -2, Phule Samarth and PRO-7 obtained from the All India Network Programme on Onion and Garlic (ICAR-DOGR, Pune) were evaluated. The trial was laid out in a Randomized Block Design with three replications. Each plot measured 2 × 2 m² with a spacing of 15 × 10 cm. Seedlings were transplanted on 27th December 2020 and harvested on 16th March 2021. Recommended agronomic practices were followed, including application of 25 t ha⁻¹ FYM and 100:50:100 kg N:P:K ha⁻¹. Plant protection measures were adopted against Stemphylium blight and thrips as per ICAR-DOGR recommendations (Chattopadhyay et al., 2019). Observations were taken on 10 randomly selected plants per plot. Observations were recorded on three categories of traits. Growth and yield traits included plant height, number of leaves per plant, neck diameter, polar and equatorial bulb diameter, average bulb weight, days to maturity, and both marketable and total yield. Quality traits were assessed in terms of total soluble solids (measured using a digital refractometer), reducing sugars following Ranganna (1986), total sugars estimated by the anthrone method of Dubois et al. (1956), and pyruvic acid content as an index of pungency determined by the methods of Schwimmer and Weston (1961) and Anthon and Barrett (2003). For biotic stress traits, thrips infestation was evaluated on a 0–5 damage scale as suggested by Sharma et al. (2014), while severity of Stemphylium blight was quantified as Percent Disease Index (PDI) using the standard 0–9 scale proposed by Wheeler (1969).Data were subjected to Correlation coefficients were estimated using Al-Jibouri et al. (1958), and path coefficient analysis was performed according to Wright (1921) and Dewey and Lu (1959) to partition direct and indirect effects.
Results and discussion
The correlation analysis among yield, quality, and resistance traits in onion genotypes revealed several important relationships (Table 1). In general, genotypic correlations were stronger than phenotypic ones, which indicates that the genetic associations among traits were partially masked by environmental variation. This observation agrees with earlier reports by Khushboo et al. (2017) and Gupta et al. (2019), who also emphasized the predominance of genetic correlations in onion.
Plant height showed positive associations with bulb size traits such as equatorial diameter, average bulb weight, and ultimately with marketable and total yields. These relationships, although modest in magnitude, suggest that taller plants with vigorous growth tend to support the development of larger bulbs. Number of leaves per plant exhibited strong positive correlations with polar diameter, equatorial diameter, bulb weight, and both yield measures at both genotypic and phenotypic levels. This confirms that leaf production is an essential physiological determinant of assimilate supply to developing bulbs, thereby enhancing yield potential. Similar associations were reported by Patel et al. (2018) and Maurya et al. (2015), reinforcing the importance of leaf number in selection criteria.
Neck diameter showed a contrasting pattern: it was positively correlated with days to maturity, while negatively associated with quality parameters such as reducing sugars, total sugars, and pyruvic acid. This suggests that thicker-necked bulbs tend to mature later and may compromise certain quality attributes. Since neck thickness is also linked with storability, this trait requires careful consideration in breeding programs depending on end-use objectives (Chattopadhyay et al., 2019).
Among bulb characters, polar and equatorial diameters emerged as the most important determinants of yield. Both showed strong positive correlations with bulb weight, which in turn was almost perfectly associated with marketable and total yield at the genotypic level. Equatorial diameter displayed the highest correlation with bulb weight and yield, indicating that wider bulbs directly contribute to productivity. These results are in close agreement with the findings of Maurya et al. (2015), Khushboo et al. (2017), and Gupta et al. (2019), who highlighted bulb size as a key yield component in onion.
Quality traits contributed variably to yield improvement. Total soluble solids were negatively correlated with reducing sugars, total sugars, and pyruvic acid, though most associations were non-significant. However, reducing sugars and total sugars were strongly and positively correlated with each other, reflecting their close biochemical relationship. Pyruvic acid, a measure of pungency, was positively associated with yield traits at both levels, though significance was limited. This suggests that high-yielding genotypes may also maintain desirable pungency, which is consistent with consumer preference in Indian markets (Ketter, 1998; Ianni et al., 2016).
Biotic stress traits demonstrated clear negative associations with yield. Thrips infestation and Stemphylium blight severity were significantly and negatively correlated with bulb size and yield traits, highlighting their role as major constraints in onion production. The positive correlation between thrips and disease incidence indicates that pest infestation predisposes plants to greater pathogen attack, a relationship also emphasized by Dar et al. (2020). Thus, breeding for resistance to both thrips and foliar diseases is essential for stabilizing onion yields under West Bengal conditions.
Finally, marketable yield and total yield were almost perfectly correlated with each other at both levels, which is expected since non-marketable bulbs accounted for only a small portion of the total yield. This validates the reliability of marketable yield as a direct selection criterion in onion improvement programs.
The path coefficient analysis of 18 onion genotypes revealed the direct and indirect contributions of morphological and quality traits to bulb yield (MY). Among the studied traits, average bulb weight (AWB) exhibited the highest direct positive effect on yield (path coefficient = 1.036), indicating it as the most important determinant of yield. Similarly, number of leaves (NOL, 0.793) and bulb diameter (PD, 0.734) showed substantial direct effects, suggesting that genotypes with more leaves and larger bulbs contribute significantly to yield enhancement.
Other traits, such as plant height (PH, 0.34) and days to harvest (DTH, 0.485), had moderate direct effects on yield, while traits like thrips infestation (TI, -0.738) and Stemphylium blight incidence (SBI, -0.649) exerted strong negative direct effects, emphasizing the detrimental impact of biotic stresses on productivity. Quality traits such as total soluble solids (TSS, 0.134) and pungency (PA, 0.287) had low positive direct effects, indicating that selection for high yield can be achieved without compromising onion quality.
Indirect effects were also observed. For example, bulb diameter (PD) influenced yield indirectly through its effect on AWB and NOL, while disease incidence indirectly reduced yield through its negative influence on other growth parameters. These results highlight that AWB, NOL, and PD are critical traits for selection in onion breeding programs aimed at yield improvement. This is consistent with previous findings where bulb weight and size were identified as primary contributors to yield in onion (Singh et al., 2012; Sharma and Kumar, 2015), and biotic stresses such as Stemphylium blight significantly reduced productivity (Patil et al., 2017).
Overall, path analysis provides a clear understanding of how direct and indirect effects of key traits influence onion yield, allowing breeders to prioritize AWB, NOL, and PD while managing pest and disease incidence to develop high-yielding, quality cultivars.
Conclusion
The study revealed that average bulb weight, number of leaves, and bulb diameters are the most important determinants of onion yield, with bulb weight showing the highest direct effect. Biotic stresses like thrips and Stemphylium blight negatively influenced yield, highlighting the need for resistance breeding. The results suggest that selecting genotypes with higher leaf number, larger bulbs, and better pest tolerance can enhance both productivity and quality in onion. These findings provide a clear roadmap for breeders to design effective selection strategies. Ultimately, integrating yield, quality, and stress resistance will accelerate the development of superior onion cultivars.
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Table 1 Genotypic and phenotypic correlation for different traits of eighteen genotypes of onion
	
	
	NOL
	ND(mm)
	PD(mm)
	ED(mm)
	AWB(g)
	DTH(days)
	TI(%)
	SBI(%)
	TSS(Â°B)
	RS
	TS
	PA
	MY(q/ha)
	TY(q/ha)

	PH(cm)
	G
	0.44 NS
	0.1827 NS
	0.2028 NS
	0.3398 NS
	0.2996 NS
	-0.0196 NS
	-0.1977 NS
	-0.1045 NS
	0.2568 NS
	-0.0147 NS
	0.2178 NS
	-0.0546 NS
	0.3451 NS
	0.34 NS

	
	P
	0.3039 *
	0.1738 NS
	0.2196 NS
	0.3001 *
	0.3233 *
	0.1178 NS
	-0.0997 NS
	-0.085 NS
	0.1905 NS
	-0.0649 NS
	0.0378 NS
	-0.0346 NS
	0.2763 *
	0.2826 *

	NOL
	G
	
	-0.2105 NS
	0.6692 **
	0.7497 **
	0.9288 **
	-0.7429 **
	-0.6193 **
	-0.4568 NS
	0.1791 NS
	0.0479 NS
	0.3982 NS
	0.3058 NS
	0.79 **
	0.793 **

	
	P
	
	-0.2219 NS
	0.5219 **
	0.4583 **
	0.6026 **
	-0.2345 NS
	-0.2929 *
	-0.2849 *
	0.1234 NS
	0.0598 NS
	0.1287 NS
	0.2362 NS
	0.6038 **
	0.6024 **

	ND(mm)
	G
	
	
	0.0948 NS
	-0.3797 NS
	-0.1415 NS
	0.6417 **
	0.276 NS
	0.2433 NS
	0.204 NS
	-0.5141 *
	-0.4828 *
	-0.4959 *
	-0.1147 NS
	-0.1347 NS

	
	P
	
	
	-0.1347 NS
	-0.1055 NS
	0.0233 NS
	0.1257 NS
	0.1596 NS
	0.0251 NS
	0.0601 NS
	-0.2296 NS
	-0.1338 NS
	-0.2311 NS
	-0.0612 NS
	-0.0602 NS

	PD(mm)
	G
	
	
	
	0.5871 *
	0.8146 **
	-0.2867 NS
	-0.8433 **
	-0.9362 **
	0.4427 NS
	0.1063 NS
	0.2687 NS
	0.3549 NS
	0.7318 **
	0.7337 **

	
	P
	
	
	
	0.5543 **
	0.6628 **
	0.0316 NS
	-0.4126 **
	-0.5303 **
	0.3573 **
	0.0491 NS
	0.2217 NS
	0.2885 *
	0.5972 **
	0.5938 **

	ED(mm)
	G
	
	
	
	
	0.8519 **
	0.0935 NS
	-0.99 **
	-0.4969 *
	-0.0014 NS
	0.5656 *
	0.7673 **
	0.5648 *
	0.998 **
	0.998 **

	
	P
	
	
	
	
	0.7821 **
	0.2075 NS
	-0.3444 *
	-0.2296 NS
	0.013 NS
	0.3094 *
	0.4859 **
	0.3442 *
	0.6348 **
	0.6296 **

	AWB(g)
	G
	
	
	
	
	
	-0.1418 NS
	-0.999 **
	-0.7532 **
	0.3452 NS
	0.2555 NS
	0.3948 NS
	0.312 NS
	0.998**
	0.998 **

	
	P
	
	
	
	
	
	0.0317 NS
	-0.3657 **
	-0.3927 **
	0.1952 NS
	0.1163 NS
	0.3254 *
	0.1966 NS
	0.6444 **
	0.6434 **

	DTH(days)
	G
	
	
	
	
	
	
	-0.0776 NS
	-0.2654 NS
	-0.4938 *
	0.5137 *
	0.18 NS
	0.1387 NS
	0.1369 NS
	0.1385 NS

	
	P
	
	
	
	
	
	
	-0.064 NS
	-0.0906 NS
	-0.2633 NS
	0.2271 NS
	0.2801 *
	0.0795 NS
	0.0683 NS
	0.0577 NS

	TI(%)
	G
	
	
	
	
	
	
	
	0.6943 **
	0.0974 NS
	-0.7072 **
	-0.9842 **
	-0.1975 NS
	-0.7448 **
	-0.7375 **

	
	P
	
	
	
	
	
	
	
	0.4212 **
	0.036 NS
	-0.5144 **
	-0.42 **
	-0.1489 NS
	-0.5614 **
	-0.5659 **

	SBI(%)
	G
	
	
	
	
	
	
	
	
	-0.2862 NS
	-0.256 NS
	-0.48 *
	-0.4814 *
	-0.6484 **
	-0.6487 **

	
	P
	
	
	
	
	
	
	
	
	-0.1601 NS
	-0.2274 NS
	-0.1855 NS
	-0.3774 **
	-0.4894 **
	-0.4863 **

	TSS(Â°B)
	G
	
	
	
	
	
	
	
	
	
	-0.4736 *
	-0.3701 NS
	-0.0914 NS
	0.1275 NS
	0.1335 NS

	
	P
	
	
	
	
	
	
	
	
	
	-0.4678 **
	-0.1946 NS
	-0.0963 NS
	0.1269 NS
	0.1333 NS

	RS
	G
	
	
	
	
	
	
	
	
	
	
	0.999**
	0.3645 NS
	0.2995 NS
	0.3038 NS

	
	P
	
	
	
	
	
	
	
	
	
	
	0.647 **
	0.3577 **
	0.2906 *
	0.2916 *

	TS
	G
	
	
	
	
	
	
	
	
	
	
	
	0.5543 *
	0.6124 **
	0.6259 **

	
	P
	
	
	
	
	
	
	
	
	
	
	
	0.341 *
	0.3993 **
	0.3886 **

	PA
	G
	
	
	
	
	
	
	
	
	
	
	
	
	0.2766 NS
	0.2848 NS

	
	P
	
	
	
	
	
	
	
	
	
	
	
	
	0.2748 *
	0.2814 *

	MY(q/ha)
	G
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.999 **

	
	P
	
	
	
	
	
	
	
	
	
	
	
	
	
	0.9985 **





Table 2 Path coefficient values for different traits of eighteen genotypes of onion
	
	PH(cm)
	NOL
	ND(mm)
	PD(mm)
	ED(mm)
	AWB(g)
	DTH(days)
	TI(%)
	SBI(%)
	TSS(°B)
	RS
	TS
	PA
	MY(q/ha)
	Genotypic correlation with main variable

	PH(cm)
	-0.26
	0.195
	-0.009
	0.074
	0.038
	-0.245
	0.068
	-0.055
	-0.002
	0.038
	0
	0.075
	0.013
	0.409
	0.34

	NOL
	-0.114
	0.443
	0.011
	0.244
	0.085
	-0.76
	0.034
	-0.172
	-0.009
	0.027
	0.001
	0.144
	-0.077
	0.936
	0.793

	ND(mm)
	-0.046
	-0.098
	-0.049
	0.031
	-0.044
	0.128
	0.022
	0.076
	0.005
	0.029
	-0.005
	-0.171
	0.125
	-0.143
	-0.14

	PD(mm)
	-0.053
	0.297
	-0.004
	0.365
	0.067
	-0.666
	0.038
	-0.234
	-0.018
	0.066
	0.001
	0.097
	-0.088
	0.867
	0.734

	ED(mm)
	-0.088
	0.332
	0.019
	0.214
	0.113
	-0.697
	0.08
	-0.292
	-0.009
	0
	0.005
	0.279
	-0.142
	1.236
	1.05

	AWB(g)
	-0.078
	0.412
	0.008
	0.297
	0.097
	-0.818
	0.066
	-0.289
	-0.014
	0.051
	0.002
	0.148
	-0.079
	1.232
	1.036

	DTH(days)
	-0.143
	0.123
	-0.009
	0.113
	0.073
	-0.435
	0.124
	-0.091
	-0.004
	0.05
	-0.002
	0.046
	0.058
	0.583
	0.485

	TI(%)
	0.051
	-0.275
	-0.013
	-0.308
	-0.119
	0.849
	-0.041
	0.278
	0.013
	0.015
	-0.007
	-0.35
	0.05
	-0.882
	-0.738

	SBI(%)
	0.027
	-0.203
	-0.012
	-0.342
	-0.056
	0.616
	-0.026
	0.193
	0.019
	-0.043
	-0.002
	-0.173
	0.121
	-0.768
	-0.649

	TSS(°B)
	-0.067
	0.079
	-0.01
	0.162
	0
	-0.282
	0.042
	0.027
	-0.005
	0.149
	-0.004
	-0.133
	0.025
	0.151
	0.134

	RS
	0.001
	0.024
	0.026
	0.041
	0.065
	-0.214
	-0.027
	-0.199
	-0.005
	-0.071
	0.009
	0.388
	-0.09
	0.357
	0.305

	TS
	-0.054
	0.18
	0.024
	0.099
	0.089
	-0.341
	0.016
	-0.273
	-0.009
	-0.056
	0.01
	0.356
	-0.142
	0.736
	0.634

	PA
	0.014
	0.137
	0.025
	0.129
	0.064
	-0.258
	-0.029
	-0.056
	-0.009
	-0.015
	0.003
	0.201
	-0.25
	0.33
	0.287

	MY(q/ha)
	-0.09
	0.35
	0.006
	0.267
	0.118
	-0.851
	0.061
	-0.207
	-0.012
	0.019
	0.003
	0.221
	-0.07
	1.185
	1






