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ABSTRACT
A popularly grown cucurbit for its dietary and economic benefits is Summer squash (Cucurbita pepo L.), a nutritionally significant vegetable. Scince yield-related features are polygenic and strongly interact with environmental factors, there is limited potential for yield improvement in this crop. This study used a randomized complete block design with three replications to assess 40 different summer squash genotypes at SKUAST-Kashmir during Kharif 2024. In order to determine genotypic and phenotypic correlations, as well as direct and indirect impacts through route coefficient analysis, statistical studies were conducted on data pertaining to 17 yield and yield attributing parameters. At the genotypic level, the results showed that fruit production per hectare showed substantial and positive relationships with fruit yield per plant, number of fruits per plant, average fruit weight, fruit length, and flesh weight. Fruit yield per plant was found to have the most direct positive contribution to yield, followed by fruit length and flesh weight. On the other hand, rind thickness, node of the first male flower and number of days until the first fruit harvest showed negative direct effects, according to path analysis. According to the modest residual effect (0.024), the chosen features accounted for the majority of the yield variability. These results imply that direct selection for fruit weight, number of fruits per plant and fruit production per plant would be useful methods for developing summer squash cultivars with large yields.
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INTRODUCTION
Cucurbita pepo L. is the botanical name for summer squash, a vegetable crop grown in summer.  2n=2x=40 is its chromosomal number. Several traditional denominations for squash, a monoecious vegetable crop, including baby marrow (South Africa), courgette (America), marrow (Ireland and Britain), cucuzza (Saudi Arabia) and zucchini (Italy). According to Tadmor et al., 2005, squash (Cucurbita pepo L.), one of the most archaic genera (Cucurbita) in the plant world, is an economically vital taxon of the Cucurbitaceae family. Native to the eastern United States and Mexico, it is grown in temperate, subtropical and tropical climates and is extensively planted for its fruits all over the world (Bisognin, 2002). In reality, Cucurbita pepo is one of the most polymorphic plant texa and possesses perhaps the most polymorphic fruit feature among all Cucurbitaceae species. Squash is generally referred to as "summer squash" while they are young. Because of its delicate and immature fruits, which are typically consumed while the pericarp is smooth and lustrous and the seeds remain undeveloped, it is cultivated commercially across the globe. Due to its short growth season and great yield, the fruit attains maturity 40–50 days post-seeding.  It is the Cucurbita species that is most extensively cultivated and exhibits the greatest diversity. These include crookneck, scallop, straight neck, acorn, zucchini and cocozelle among other morphotypes. The subspecies pepo is responsible for the vegetable marrow, cocozelle, and zucchini groups, while the parent species ovifera is responsible for the scallop, crookneck and straight neck groups. There are two varieties: bush and vining of summer squash. 
 Summer squash is a robust annual with orbicular, shallow-to-deeply lobed leaves, prickly-haired petioles, cross-pollinated, monoecious species that can be cultivated in temperate and subtropical climates with mild summers. It has smaller tendrils and is a compact bushy plant. According to (Thamburaj and Singh, 2001), summer squash is also referred to as bush squash, vegetable marrow, zucchini, Vilayati Kaddu, Chappan Kaddu and Safed Kaddu. The main source of economic value for this crop, in contrast to other vegetable crops, is the culinary use of young fruits, which have a relatively high nutritional and medicinal value. The numerous organic chemicals, nutrients, vitamins and minerals that make up its nutritional profile are what give it all of its remarkable health advantages (Gramza Michałowska and Kulczynski, 2019). It is high in bioactive components and nutrients including phenolics, flavonoids, vitamins, amino acids, carbohydrates and minerals-particularly potassium. It has a high fiber content and a low calorie content (about 17 kcal/100 g of fresh fruit) Tamer et al., 2010. Numerous medical effects including antidiabetic, antihypertensive, antitumor, antimutagenic, immune-modulating, antibacterial, anti-hypercholestemic, intestinal antiparasitic and anti-inflammatory effects have been documented, as have the potential uses of different Cucurbitacea species Kostalova et al., 2009. It is considered as a weight loss diet due to its low calorie content Fageria et al., 2012. Therefore, one of the key strategies to guarantee food security is to boost global production while keeping its significance in mind. According to Balluz et al., 2005, squash is a good nutritional source that helps prevent cancer, heart disease and inflammation issues including arthritis and asthma since it contains vitamins A, C, niacin and folate in addition to fibre. Consuming zucchini regularly decreases the body's elevated homo-cysteine levels. A medium-sized fruit contains only 25 calories. 
Asia accounts for half of the global area dedicated to squash and pumpkin cultivation (Al Brifcany, 2015). According to the National Horticulture Board (NHB), 2023–2024, squash and pumpkin accounted for an annual production of 2,703.61 thousand MT in India. In Kashmir region, summer squash is cultivated over an area of  approximately 3200 hectares, with a significant production of 64800 tonnes (Anonymous, 2024). Cultivated all over India, this cucurbit grows quickly and yields early but performs well in moderate, humid weather and needs a temperature range of 16 to 27 ℃ for normal growth and development. While this is advantageous for crop production and diversification, squash can grow well in any kind of soil, even in marginal or unproductive soils. 
An important and crucial step in crop development initiatives is the collection, storage and assessment of germplasm. This procedure is essential for understanding the type and extent of genetic variants present in the breeding materials, which in turn affects the success of breeding program. Vine length,  node of the first female flower, number of fruits per plant, fruit length and fruit weight are some of the interrelated traits that affect the economic aspect of yield for a crop like summer squash which is highly prized for its fruit output. These qualities are quantitatively acquired, controlled by polygenes, exhibit reduced heritability and are strongly impacted by environmental variables. Therefore, using yield alone as a selection criterion might not be reliable, which is why component-based breeding has been adopted. Determining the level of association between different variables is a useful technique used to unravel the genetic complexities of yield. A precise measurement of the direct and indirect impacts on yield cannot be obtained by relying just on correlations, even though this method helps to comprehend the constituents of complex traits like yield. An essential tool in this context is path coefficient analysis. By breaking down the correlation coefficient into the direct and indirect impacts of independent variables on the dependent variable, it provides breeders with important information for choosing genotypes of a crop that will generate high yields. The current study aimed to study the correlation coefficients and path analysis for various yield and yield attributing traits in 40 Summer squash genotypes. Insights from these aspects can significantly aid in developing an effective breeding strategy for the genetic improvement of this crop.
MATERIAL AND METHODS
The study was carried out during the Kharif season of 2024 at the Vegetable experimental Farm, Division of Vegetable Science, Faculty of Horticulture, SKUAST-Kashmir, Shalimar, Jammu and Kashmir. The experimental site is situated in Shalimar, Srinagar, in the foothills of Zabarvan, 15 kilometers from Srinagar city. The site is located at 340.14" North latitude and 740.86" East longitude, with an elevation of 1685 meters above mean sea level. The water has a neutral pH and the soil is alluvial. The mild summers are a hallmark of the temperate climate. The average lowest and highest temperatures in October and August are 5.260°C and 31.40°C, respectively. April receives the most rainfall. Experimental material consisted of fourty genotypes of summer squash. Three replications of the single factor experiment were set up using a Randomized Complete Block Design (RCBD). Five plants of each genotype were planted in each replication, with rows and plants spaced 2×1 m apart respectively. Data was recorded on 17 parameters viz., Node number at which 1st male flower appears, Node number at which 1st female flower appears, Days to appearance of 1st male flower, Days to appearance of 1st female flower, Days to 1st Fruit Harvest, Days to Last Fruit Harvest, Number of Fruits/Plant, Average Fruit Weight (kg), Fruit Length (cm), Fruit Diameter (cm), Flesh Thickness (cm), Rind Thickness(mm), Flesh Weight (g), Fruit Yield/Plant (kg), Fruit Yield/ha (q). Five healthy plants from each line of all replications were chosen at random, and observations were made on a number of yield and yield-attributing characteristics. Correlation coefficients were computed for all trait pairs using genotypic and phenotypic variances and covariances, using the Panse and Sukhatme (1957) formula. Using Dewey and Lu's (1959) formula, the path coefficient analysis methodology was based on the method presented by Wright (1921) and Li (1956). At the Division of Agricultural Statistics, SKUAST-Kashmir, Shalimar, R software was used for all statistical analyses and calculations.
RESULTS AND DISCUSSION
Analysis of correlation coefficients establishes the mutual relationship between two plant characteristics and the yield components that need to be chosen in order to increase yield. In order to create improved cultivars of any crop, the breeder must first consider yield. On the other hand, yield is a polygenic trait that is greatly impacted by environmental circumstances. It is very helpful to know how quantitative qualities, especially yield, relate to its attributes during the selection process. Numerous qualities can be improved, according to variability studies, but they don't explain the strength and kind of the connections between economically significant features and yield-contributing traits. Therefore, understanding how different qualities interact with their economic characteristics is crucial to enabling indirect selections that improve economic characteristics. It is easier to comprehend the relationship between most economic characteristics and highly heritable traits, as well as how each attribute contributes to the crop's genetic makeup, thanks to correlation studies. More dependable, genotypic correlation helps plant breeders select a trait that is genetically related to another trait in order to achieve genetic enhancement in that trait. To assess the relationships between various traits and their association with yield per hectare at genotypic levels, correlation coefficients were calculated based on variances and covariances. 
 Fruit length exhibited positive and significant correlation with average fruit weight (rg=0.904**), Flesh weight (rg=0.883**), Rind thickness (rg=0.505**),  fruit yield per plant (rg =0.488**) , fruit daimeter ( rg =0.487**) and fruit yield per hectare (rg =0.483**) at genotypic level. It demonstrated positive correlation with node no. at which Ist male flower appears (rg=0.122)  and flesh thickness (rg=0.030)  at genotypic level. Fruit diameter showed a positive and significant correlation with flesh weight ( rg =0.536**) and average fruit weight ( rg =0.503**) genotypic level. It exhibited negative and significant correlation with days to Ist male flower (rg=-0.358**) and days to Ist female flower (rg=-0.529**). It also exhibited positive correlation with rind thickness (rg=0.180),  flesh thickness (rg=0.107), fruit yield per hectare  (rg=0.104) and fruit yield per plant (rg=0.103) at genotypic level. Flesh weight exhibited positive and significant correlation with average fruit weight (rg=0.974**), fruit yield per plant (rg=0.564**), fruit yield per hectare ( rg =0.562**) and rind thickness ( rg =0.388*) genotypic level. It showed positive correlation with flesh thickness (rg= 0.233) and node no. at which Ist male flower appears (rg=0.069). Flesh Thickness exhibited positive correlation with fruit yield per plant ( rg =0.261), fruit yield per hectare (rg=0.261), no. of fruits per plant (rg=0.147), average fruit weight (rg=0.144)  and days to Ist female flower (rg=0.101) genotypic level. Rind thickness exhibited positive and significant correlation with average fruit weight ( rg = 0.569**) at genotypic level. It displayed positive correlation with fruit yield per plant (rg = 0.140), fruit yield per hectare (rg=0.138) and node no. at which Ist male flower appears (rg=0.032) at genotypic level. The number of fruits per plant demonstrated a positive and significant correlation with the yield per hectare ( rg = 0.770 **) and fruit yield per plant ( rg = 0.768 **) genotypic level. It exhibited a positive correlation with days to Ist female flower ( rg = 245), node no. at which Ist female flower appears (rg=0.105), days to Ist fruit harvest (rg=0.089)  and days to Ist male flower ( rg = 0.011) at genotypic level. Average fruit weight displayed a positive and significant correlation with fruit yield per plant ( rg =0.577**) and fruit yield per hectare (rg =0.575**) genotypic level. It exhibited positive correlation with node no. at which Ist male flower appears (rg=0.0670) at genotypic level. Fruit yield per plant showed positive correlation with days to Ist female flower ( rg =0.054) genotypic level. At genotypic levels, the node number at which the Ist male flower appears had a significant and positive correlation with the node number at which the Ist female flower appears ( rg= 0.332*). Node number at which the Ist female flower appears had positive correlation with days to Ist female flower (rg= 0.152), days to Ist male flower (0.118), fruit yield per hectare (0.021). It showed a significant and negative correalation with days to Ist fruit harvest (rg= -0.424**) genotypic level. The days to the appearance of the 1st female flower showed significant positive correlations with days to appearance of 1st male flower ( rg = 0.965**) at genotypic level.
The analysis of Table 1 indicates that correlation analysis revealed that the economically significant trait, fruit yield per hectare, exhibited a positive and significant correlation with several traits, including the number of fruit length, flesh weight and no. of fruits per plant at genotypic level. The results of the current study align with the findings of Akter et al. (2013) in pumpkin, Sajid et al. (2022), Marie and Mohammad (2010), Abdelkader and Abdein (2023) in Summer Squash, Rahman (2015) in bitter gourd, Veera et al. (2022) in cucumber.

































Table 1:Estimates of genotypic correlation coefficients among different characters in summer squash (Cucurbita pepo L.)

	Parameters
	FL
	FD
	FW
	FT
	RT
	NOFPP
	AFW
	FYPP
	NNAWFMFA
	NNAWFFFA
	DTFFF
	DTFMF
	DTFFH
	FYPH

	FL
	 -
	0.487**
	0.883**
	0.030
	0.505**
	-0.091
	0.904**
	0.488**
	0.122
	-0.191
	-0.260
	-0.237
	-0.101
	0.483**

	FD
	 
	 -
	0.536**
	0.107
	0.180
	-0.286
	0.503**
	0.103
	-0.017
	-0.181
	-0.529**
	-0.358**
	-0.128
	0.104

	FW
	 
	 
	 -
	0.233
	0.388*
	-0.075
	0.974**
	0.564**
	0.069
	-0.205
	-0.199
	-0.131
	-0.139
	0.562**

	FT
	 
	 
	 
	 -
	-0.113
	0.147
	0.144
	0.261
	-0.107
	-0.052
	0.101
	-0.043
	-0.098
	0.260

	RT
	 
	 
	 
	 
	   -
	-0.242
	0.569**
	0.140
	0.032
	-0.110
	-0.173
	-0.072
	-0.264
	0.138

	NOFPP
	 
	 
	 
	 
	 
	  -
	-0.067
	0.768**
	-0.038
	0.105
	0.245
	0.011
	0.089
	0.770**

	AFW
	 
	 
	 
	 
	 
	 
	 -
	0.577**
	0.067
	-0.192
	-0.231
	-0.153
	-0.175
	0.575**

	FYPP
	 
	 
	 
	 
	 
	 
	 
	  -
	-0.039
	-0.017
	0.054
	-0.070
	-0.035
	1.000**

	NNAWFMFA
	 
	 
	 
	 
	 
	 
	 
	 
	-
	0.332*
	-0.094
	-0.111
	-0.457
	-0.038

	NNAWFFFA
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 -
	0.152
	0.118
	0.424**
	0.021

	DTFFF
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 -
	0.965**
	-0.051
	-0.057

	DTFMF
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 -
	-0.137
	-0.062

	DTFFH
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 -
	-0.047
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While correlation analysis does not prove a cause-and-effect link, it does show the patterns of association between individual qualities and yield. Developed by Wright (1921) and illustrated by Dewey and Lu (1959), path coefficient analysis aids in decomposing correlation coefficients into the direct and indirect contributions of different variables to yield. With the use of this technique, which quantifies the direct influence of one variable on another, breeders can find important yield-related features and employ genetic resources strategically for focused improvement. 
The effectiveness of direct selection for a trait is demonstrated when the correlation coefficient between the causal factor and its effect is almost equal to its direct effect. The positive correlation is probably the result of indirect effects, so it is necessary to take these indirect factors into account at the same time while making selections if the correlation is positive but the direct effect is negative or negligible. When the direct effect is both positive and substantial but the correlation is negative, a restricted simultaneous selection model should be used. This means that in order to maximize the direct effect, unwanted indirect effects must be reduced. Selection should be stopped based on that feature if the direct effect and the correlation coefficient are both negative.
The path coefficient analysis in table 2 revealed that the highest direct positive impact on fruit yield per hectare was attributed to fruit yield per plant  (1.102), followed by flesh weight (0.262), fruit lenght (0.030), days to Ist female flower (0.024), no. of fruits per plant (0.006), the average fruit weight (0.003) and fruit diameter (0.001) . The genotypic correlation coefficients for these traits with fruit yield per hectare were 1.000, 0.5627, 0.48, 0.057, 0.7704, 0.575 and 0.104 respectively, indicating that direct selection based on these traits would be effective for enhancing fruit yield in summer squash. In contrast, traits such as node no. at which first male flower appeared (-0.001), node number at which Ist female flower appeared (-0.016), days to Ist fruit harvest (-0.024),  days to appearance of the Ist male flower (-0.030) and rind thickness (-0.199) exhibited negative direct effects. Therefore, these traits should be considered of limited importance in the selection program for summer squash improvement. The results from the path analysis align with the findings of Deepthi et al. (2012), Janaranjani and Kanthaswamy (2015), Muralidharan et al. (2017), Thakur et al. (2017), Sultana et al. (2018), Kunjam et al. (2019), Rashid et al. (2020b), Singh et al. (2020) and Bashir et al. (2024a). In this study, the residual effect was recorded at 0.024, indicating that the traits selected for analysis significantly contribute to yield variability. 


Table 2: Path matrix showing direct (diagonal) and indirect (off diagonal) effects of different traits on fruit yield in summer squash (Cucurbita pepo L.)
	Parameters
	FL
	FD
	FW
	FT
	RT
	NOFPP
	AFW
	FYPP
	NNAWFMFA
	NNAWFFA
	DTFFF
	DTFMF
	DTFFH

	Fruit Length (cm)
	0.030
	-0.012
	-0.023
	-0.000
	-0.013
	0.002
	-0.023
	-0.012
	-0.003
	0.005
	0.006
	0.006
	0.002

	Fruit Diameter (cm)
	0.000
	0.001
	0.001
	0.000
	0.000
	-0.000
	0.000
	0.000
	0.000
	-0.000
	-0.001
	-0.000
	-0.000

	Flesh Weight (g)
	0.231
	0.140
	0.262
	0.061
	0.101
	-0.019
	0.201
	0.148
	0.018
	-0.053
	-0.052
	-0.034
	-0.036

	Flesh Thickness(cm)
	-0.001
	-0.003
	-0.007
	0.002
	0.003
	-0.004
	-0.004
	-0.008
	0.003
	0.001
	-0.003
	0.001
	0.003

	Rind Thickness(mm)
	-0.026
	0.010
	0.002
	-0.006
	-0.199
	-0.014
	0.002
	0.008
	0.002
	-0.006
	-0.010
	-0.004
	-0.015

	No. of Fruits /Plant
	0.005
	0.018
	0.004
	-0.009
	0.015
	0.006
	0.004
	-0.049
	0.002
	-0.006
	-0.015
	-0.000
	-0.005

	Average Fruit Weight (kg)
	-0.302
	-0.168
	-0.325
	-0.048
	0.050
	0.022
	0.003
	-0.193
	-0.022
	0.064
	0.077
	0.051
	0.058

	Fruit  Yield /Plant (kg)
	0.538
	0.113
	0.624
	0.288
	0.154
	0.846
	0.096
	1.102
	-0.043
	-0.019
	0.060
	-0.077
	-0.038

	Node No. at which First Male Flower Appears
	-0.000
	0.000
	-0.000
	0.000
	0.005
	0.000
	-0.000
	0.000
	-0.001
	-0.000
	0.000
	0.000
	0.000

	Node No. at which First Female Flower Appears
	0.003
	0.002
	0.009
	0.000
	0.009
	-0.001
	-0.033
	0.000
	-0.005
	-0.016
	-0.002
	-0.001
	0.006

	Days to First Female Flower
	-0.006
	-0.013
	-0.003
	-0.031
	-0.004
	-0.064
	-0.005
	0.001
	-0.002
	0.003
	0.024
	0.023
	-0.001

	Days to First Male Flower
	0.006
	0.007
	0.008
	0.001
	0.008
	-0.000
	0.001
	0.003
	0.058
	-0.003
	-0.028
	-0.030
	0.004

	Days to First Fruit Harvest
	0.002
	0.009
	0.009
	0.002
	0.009
	-0.002
	0.002
	0.000
	0.011
	0.010
	0.001
	0.004
	-0.024

	Genotypic correlation with yield
	0.48**
	0.104
	0.5627**
	0.260
	0.138
	0.7704**
	0.575**
	1.000**
	-0.038
	-0.021
	0.057
	-0.062
	-0.047


RESIDUAL EFFECT= 0.024
 FL: Fruit Length (cm), FD: Fruit Diameter (cm), , FW: Flesh Weight (g), FT: Flesh Thickness (cm), RT: Rind Thickness (mm), NOFPP: Number of Fruits/Plant, AFW: Average Fruit Weight (kg) FYPP: Fruit Yield/Plant (kg), FYPH: Fruit Yield/Hectare (q).  NMAWFMFA: Node number at which 1st male flower appears, NNAWFFFA: Node number at which 1st female flower appears,  DTFFF: Days to appearance of 1st female flower, DTFMF: Days to appearance of 1st male flower, DFFH: Days to 1st Fruit Harvest.

Fig.1 Path diagram in Summer squash based on morphological characters
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CONCLUSION
The results of this study showed that there was an innate relationship between different qualities and that the environmental impacts were negligible, with estimations of genotypic correlation coefficients being generally slightly higher than those of phenotypic correlation coefficients.  A number of traits, including fruit yield per plant, the number of fruits per plant, average fruit weight, flesh weight and fruit length were found to have a significant positive association with the economically significant trait, fruit yield per hectare (q), at the genotypic level, according to the correlation analysis.  The the number of nodes at which the first male flower appear, the number of days until the Ist fruit harvest and the number of days until the Ist female and male flowers apppear, all showed a negative correlation with fruit yield per hectare.
Fruit yield per hectare (q) was found to be positively impacted by fruit yield per plant, flesh weight, fruit length, days to appearance of Ist female flower, no. of fruits per plant, average fruit weight, flesh thickness and fruit diameter, according to path coefficient analysis.  The development of high-yielding summer squash variants may be facilitated by direct selection for these features.
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