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[bookmark: _Hlk227685553]Evaluation of Grape genotypes for Growth, Leaf Physiology and Yield Attributes in ten grape (Vitis vinifera L.) genotypes.	Comment by Rauf Asadullayev: Genotype refers to genetic material. The term "cultivar" (or variety) should be used throughout the text. 



Abstract:
The study was conducted for the evaluation of Growth, Leaf Physiological traits and yield attributes of ten grape genotypes cultivars (or varieties). These grape genotypes were collected across the regions of Then Palani and Odaipatti in the Theni district of Tamil Nadu, as well as from the Indian Institute of Horticulture (IIHR, Bangalore.). Pandal system and Y Trellis method of training are followed in the grapevine and the age of the plant is 12 years. Freshly harvested grape leaves and berry samples were collected and analysed. The experimental data were collected as per the standard procedure and analysed using a Randomized Block Design (RBD) with three replications. The results states that the highest number of bunches per vine are seen in Manjari Medika (53), Bangalore Blue (52), and Super Sonaka (48). Jyothi has more fruitful cane (37), followed by Madhu Angoor (31) and Manjari Medika (35). Bangalore Blue (167.4), Jyothi (198.2), and H-516 (210.1) have the largest leaf area. Super Sonaka has a higher relative water content (76.3), followed by Manjari Medika (73.19) and Red Globe (70.14). The Average Bunch Weight is higher for Red Globe (814.67), Madhu Angoor (342.67), and Super Sonaka (308). Super Sonaka has the highest average number of berries per bunch (152.31), followed by Madhu Angoor (134.31) and Muscat (91.0). Red Globe known for its higher bunch weight and berry density, whereas Manjari Medika and Super Sonaka are recognised as high-yielding genotypes because of their superior bunch quantity and water relations. 	Comment by Rauf Asadullayev: A brief conclusion should be added.
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Introduction:
Perennial deciduous woody vines in the Vitaceae family, grape (Vitis vinifera L.) is the most extensively spread because of its wide range of environmental adaptability and genotypic variation (Lalhriatpuia et al., 2021). The grape is an excellent source of fat (0.3–0.4%), proteins (0.5–0.6%), carbs (12–18%), and water (82%). Additionally, it has trace levels of calcium (0.01–0.02%) and phosphorus (0.08–0.01%), as well as considerable amounts of potassium (0.1–0.2%), vitamin C (0.01–0.02%), and vitamin A (0.001–0.0015%) (Pandurang et al., 2018).It is grown on 139 thousand hectares in India, where it produces 2920 thousand tons annually and has a productivity of 21.00 tonnes/ha (Anonymous, 2018). According to (Somkuwar et al. 2013), 74.5% of India's grape crop is used for table purposes, 22.5% is dried to make raisins, 1.5% is used to make wine, and 0.5% is used to make juice.	Comment by Rauf Asadullayev: The brackets are not needed here.
The majority of the cultivars' performance stability and adaptability were not evaluated in India's various agroclimatic zones. Vine physiology and productivity are greatly influenced by their environment (Samarth et al., 2024). Because of their genetic composition and interactions with the environment, grape genotypes function quite differently. A well-known scientific method for characterizing grapevine genotypes is ampelography, which defines a number of morphological, phonological, and pomological characteristics. Increasing grapevine output requires a deep comprehension of the morphological features of vegetative development and fruit quality (El-Morsy et al., 2017). In order to discover superior cultivars for increased productivity, the current study was conducted to compare growth, yield, and leaf and fruit physiological features across several grape genotypes.
Materials and Methods:
This experiment included ten different grape genotypes which were collected across the regions of Then Palani and Odaipatti in the Theni district of Tamil Nadu, as well as from the Indian Institute of Horticulture (IIHR, Bangalore.). Pandal system and Y Trellis method of training are followed in the grapevine and the age of the plant is 12 years. Freshly harvested grape leaves and berry samples were collected and analysed. The ten grape genotypes were Muscat, Madhu Angoor, H-516, Red Globe, Bangalore Blue, Jyothi, Super Sonaka, Manjari Shyama, Manjari Medika and Arka Kanchan. The study was conducted at Karunya Institute of Technology and Sciences, Coimbatore. The experimental data were collected as per the standard procedure and analysed using a Randomized Block Design (RBD) with three replications.	Comment by Rauf Asadullayev: Be careful of the punctuation throughout the text.
Growth and Yield Attributes:
Plant Height:
The plant height is recorded from the ground level using a Measuring Tape (Metres).
Number of Primary branches and Secondary Branches:
Primary and secondary branches are recorded as visual representation based on the branching of the vines.
Number of leaves in a vine:
They are counted in each vine manually.
Number of bunches in a vine:
Grape bunches were determined by manual counting per vine.
Fruitful canes in a vine:
A flower bud was used to identify and calculate the total number of productive canes.
Leaf Morphological and Physiochemical Parameters:
Leaf Length:
Length of the leaves are measured using Vernier Calliper (Cm).
Leaf Breadth:
Breadth of the leaves are measured using Vernier Calliper (Cm).
Leaf Area:
Leaf area of the grapevines is calculated using (Srinivas et al., 2000).
Leaf Area = Length  Breadth Leaf Area Constant.
Total Chlorophyll Content:
The amount of chlorophyll content in the leaves is analysed using Digital SPAD meter (SPAD-502 plus).
Relative Water Content:
The Petri plates were incubated in distilled water for four hours after the fresh weight (FW) was noted. After recording the turgid weight, the Petri plates were kept in hot air oven for 24 hours at 70 °C to determine the dry weight (DW). The methods of (Sanchez et al., 2004) was used to measure the relative water content (%).

Morphological parameters of grapes:
Average Bunch Weight:
A weighing balance (in grams) is used to measure the well-developed and mature grape bunches that are randomly selected from the farm.
Average Number of Berries in a Bunch:
Manually counting all of the berries in a bunch
Average Berry Weight:
A weighing balance (in grams) is used to measure the berries that were selected at random from each bunch.
Weight of 100 berries:
A weighing balance (in grams) is used to evaluate 100 berries from each variety.
Statistical Analysis:
The data were analysed with Randomly Complete Block Design with ten Treatments were replicated thrice. The OPSTAT software suite and Microsoft Excel were used to analyse the collected data. The significance level was at (P≤0.01).
Results and Discussion:
The study conducted on the leaf growth parameters, leaf morphophysiological parameters and yield attributes of grapes were significantly different among the different grape genotypes. Comparative Evaluation of Vegetative Growth and Yield Attributes in Different Grape (Vitis vinifera L.) Genotypes as in Table 1. Since both the pandal system (1.8 m) and the Y trellis system (1.3 m) are typical, there is no significant change in plant height. According to their training system, all genotypes have similar numbers of primary branches. The six branches of the Pandal system and the ten branches of the Y Trellis system are particular to their respective training systems. Red Globe (29) has the more leaves per vine, followed by Madhu Angoor (26) and Manjari Shyama (28). Bangalore Blue (19) has fewer leaves per vine, followed by Muscat (22) and H-516 (23). The highest number of bunches per vine are seen in Manjari Medika (53), Bangalore Blue (52), and Super Sonaka (48). Red Globe (16) has fewer bunches per vine than Jyothi (23) and Muscat (33). The increased number of bunches per vine increases the grape yield per vine with an increment in carbohydrate content in the berries to the maximum extent (Kadu et al., 2007). Jyothi has more fruitful cane (37), followed by Madhu Angoor (31) and Manjari Medika (35). Manjari Shyama has fewer productive canes (24), followed by Red Globe (25) and Muscat (27). Vigorous varieties are those that produce more Productive canes per vine. The development, productivity, and quality of grapes are thus impacted by the control of canes in grape cultivars. Highly efficient cultivars that support our current findings that a high pruning weight may produce more canes, which in turn may produce more vigorous vines (Saniya et al., 2018).
Leaf Morphological and Physiological Characteristics of Ten Grape (Vitis vinifera L.) Genotypes are illustrated as in Table 2. The leaves of H-516 (17.4) are longer than those of Jyothi (16.3) and Manjari Shyama (14.1). Manjari Medika has shorter leaves (8.4), followed by Arka Kanchan (11.7) and Muscat (12.6). Bangalore Blue has a wider leaf (15.5), followed by Super Sonaka (15.4) and Jyothi (15.2). The leaf breadth of Manjari Medika (8.1) is lower than that of Arka Kanchan (10.6) and Muscat (12). Bangalore Blue (167.4), Jyothi (198.2), and H-516 (210.1) have the largest leaf area. Manjari Medika has a smaller leaf area (55), followed by Arka Kanchan (99.75) and Muscat (122.1). There is a clear relationship between the number of leaves and the vine's overall vegetative growth, which accounts for the rise in leaf area with more leaves. Cane growth and annual shoots are closely related to leaf area; the most vigorous cultivars typically exhibit the highest yearly growth. (Ausari et al., 2024). Bangalore Blue has the highest chlorophyll concentration (50.3), followed by Jyothi (44.1) and H-516 (43.6). Manjari Medika has the lowest (28.6), followed by Muscat (31.1) and Arka Kanchan (31.7). Growth performance and photosynthetic activity are improved by higher chlorophyll concentration (Uddling et al., 2007). The fresh weight of Super Sonaka (3.42) is more than that of Jyothi (2.59) and Manjari Shyama (2.08). Bangalore Blue (1.66) and Arka Kanchan (1.07) have greater fresh weight than Manjari Medika (0.87). Manjari Shyama has a greater dry weight (1.04), followed by Muscat (0.96) and Jyothi (0.85). Bangalore Blue (0.59), Arka Kanchan (0.39), and Manjari Medika (0.28) have the lowest dry weight. Super Sonaka has the highest turgid weight (4.24), followed by Manjari Shyama (3.45) and Jyothi (3.39). The turgid weight of Manjari Medika (1.11) is lower than that of Arka Kanchan (1.79) and Muscat (1.86). Super Sonaka has a higher relative water content (76.3), followed by Manjari Medika (73.19) and Red Globe (70.14). RWC indicates improved cellular hydration and a greater capacity to retain water. Higher turgor pressure, which is necessary for physiological functions like photosynthesis, cell division, and nutrient transfer, is probably maintained by these genotypes. Increased RWC improves yield potential and supports metabolic processes in a variety of environmental circumstances. (Barrs and Weatherley, 1962; Chaves et al., 2010).
Assessment of Berry and Bunch Characteristics in Ten Grape (Vitis vinifera L.) Genotypes as in Table 3. The Average Bunch Weight is higher for Red Globe (814.67), Madhu Angoor (342.67), and Super Sonaka (308). H-516 (65.33), Manjari Medika (127.33), and Manjari Shyama (178) had lower average bunch weights. Increased pulp and berry weights in comparison to other genotypes are the cause of the increased bunch weight (Gupta et al., 2015; Meneses et al., 2025). Super Sonaka has the highest average number of berries per bunch (152.31), followed by Madhu Angoor (134.31) and Muscat (91.0). The reason for this is because the average bunch weight is larger (Gupta et al., 2015). Red Globe has a greater average berry weight (11.72), followed by Arka Kanchan (4.96) and Bangalore Blue (4.04), which are caused by higher pulp and peel weights (Gupta et al., 2015; Meneses et al., 2025). The average berry weight is lower for H-516 (1.49), Manjari Medika (1.69), and Super Sonaka (2.07). Red Globe weighs more than 100 berries (1101.56), followed by Arka Kanchan (511) and Bangalore Blue (407.72). Manjari Medika (163) weighs less than 100 berries, whereas H-516 (172.28) and Super Sonaka (216) come next.  Compared to other genotypes, the bunch weight is larger because of the increased pulp and berry weights (Gupta et al., 2015; Meneses et al., 2025).
Conclusion:
The present study on the Evaluation of Growth, Leaf Physiological Traits and Yield Attributes in Diverse Grape (Vitis vinifera L.) Genotypes revealed significant difference in growth, leaf physiological, and yield traits. Among the genotypes, Manjari Medika, Super Sonaka, and Bangalore Blue exhibited superior performance in key yield attributes, particularly number of bunches per vine and fruitful canes, indicating higher productivity potential. Physiological characteristics of leaves were found to have a significant impact on genotype performance. Bangalore Blue had the highest chlorophyll content, indicating improved photosynthetic efficiency, while genotypes like Super Sonaka and Manjari Medika had greater relative water content, suggesting better hydration status and stress tolerance. In a similar way, H-516 and Jyothi showed greater leaf area, which enhanced biomass accumulation and light interception.  Red Globe demonstrated its ability to produce denser and heavier clusters by recording the greatest values for Weight of 100 Berries (WB) and Average Bunch Weight (ABW) in terms of yield characteristics. Red Globe is known for its higher bunch weight and berry density, whereas Manjari Medika and Super Sonaka are recognised as high-yielding genotypes because of their superior bunch quantity and water relations. It is possible to suggest these genotypes for cultivation.
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Table 1. Comparative Evaluation of Vegetative Growth and Yield Attributes in Different Grape (Vitis vinifera L.) Genotypes
	Genotypes
	Plant Height
	No. of. Primary Branches
	No. of. Secondary Branches
	No. of Leaves/Vine
	No. of. Bunches/Vine
	Fruitful cane/Vine
	Type of Training System

	Muscat
	1.8
	2
	6
	22
	33
	27
	Pandal

	Madhu Angoor
	1.8
	2
	6
	26
	36
	31
	Pandal

	H-516
	1.8
	2
	6
	23
	47
	29
	Pandal

	Red Globe
	1.8
	2
	6
	29
	16
	25
	Pandal

	Bangalore Blue
	1.8
	2
	6
	19
	52
	30
	Pandal

	Jyothi
	1.3
	2
	10
	25
	23
	37
	Y Shaped Trellis

	Super Sonaka
	1.8
	2
	6
	22
	48
	29
	Pandal

	Manjari Shyama
	1.3
	2
	10
	28
	32
	24
	Y Shaped Trellis

	Manjari Medika
	1.8
	2
	6
	21
	53
	35
	Pandal

	Arka Kanchan
	1.8
	2
	6
	23
	41
	29
	Pandal

	CD (0.01)
	NS
	NS
	NS
	1.48
	3.71
	2.97
	-

	SE (d)
	NS
	NS
	NS
	0.51
	1.29
	1.03
	-



Significant at 1%.



	Genotypes
	Leaf Length (Cm)
	Leaf Breadth (Cm)
	Leaf Area (Cm2)
	Chlorophyll Content 
(SPAD Value)
	Fresh Weight (Grams)
	Dry Weight
(Grams)
	Turgid Weight
(Grams)
	Relative Water Content
(%)

	Muscat
	12.6
	12
	122.1
	31.1
	1.86
	0.96
	1.86
	40.94

	Madhu Angoor
	12.8
	12.1
	123.9
	38
	1.8
	0.67
	2.53
	60.75

	H-516
	17.4
	15.1
	210.1
	43.6
	1.78
	0.73
	2.35
	64.81

	Red Globe
	13.6
	12.8
	139.2
	38.7
	2.04
	0.63
	2.64
	70.14

	Bangalore Blue
	13.5
	15.5
	167.4
	50.3
	1.66
	0.59
	2.45
	57.52

	Jyothi
	16.3
	15.2
	198.2
	44.1
	2.59
	0.85
	3.39
	68.5

	Super Sonaka
	13.8
	15.4
	170
	40.2
	3.42
	0.78
	4.24
	76.3

	Manjari Shyama
	14.1
	13.1
	148
	36.4
	2.08
	1.04
	3.45
	43.38

	Manjari Medika
	8.4
	8.1
	55
	28.6
	0.87
	0.28
	1.11
	73.19

	Arka Kanchan
	11.7
	10.6
	99.75
	31.7
	1.07
	0.39
	1.79
	61.64

	C.D
	0.74
	0.61
	4.08
	3.34
	0.22
	0.07
	0.24
	4.08

	S.E(d)
	0.25
	0.21
	1.42
	1.16
	0.07
	0.02
	0.08
	1.42


Table 2. Leaf Morphological and Physiological Characteristics of Ten Grape (Vitis vinifera L.) Genotypes
Significant at 1%.
	Genotypes
	ABW (Grams)
	ANBB 
(No.)
	ABYW (Grams)
	WB 
(Grams)

	Muscat
	259.33
	91.00
	3.11
	292.28

	Madhu Angoor
	342.67
	134.31
	2.63
	263.00

	H-516
	65.33
	47.66
	1.49
	172.28

	Red Globe
	814.67
	70.00
	11.72
	1101.56

	Bangalore Blue
	134.00
	36.34
	4.04
	407.72

	Jyothi
	310.67
	92.00
	3.64
	348.28

	Super Sonaka
	308.00
	152.31
	2.07
	216.00

	Manjari Shyama
	178.00
	43.00
	3.92
	386.00

	Manjari Medika
	127.33
	82.00
	1.69
	163.00

	Arka Kanchan
	258.00
	55.00
	4.96
	511.00

	C.D
	4.99
	1.37
	0.08
	1.65

	S.E(d)
	14.36
	3.96
	0.24
	22.04


Table 3. Assessment of Berry and Bunch Characteristics in Ten Grape (Vitis vinifera L.) Genotypes.












Significant at 1%. ABW-Average Berry Weight (Grams), ANBB-Average Number of Berries in a Bunch (No.), ABYW-Average Berry Weight and WB- Weight of 100 Berries (Grams).












