


Stress relieving enzymatic activities and biochemical changes during bud break in Manjari Kishmish (Vitis vinifera L.) grafted on different rootstocks 

Abstract 
The study on changes in biochemicals and enzymatic activities in Manjari Kishmish during bud break stage after fruit pruning was conducted at National Research Centre for Grapes, Pune. Manjari Kishmish grafted on Dogridge, 110R, 140Ru and 1103P rootstocks was selected for the study during 2024-25. Bud samples were collected at five different stages after pruning and analysed for enzymatic activities (catalase, peroxidase, and polyphenol oxidase) and biochemical constituents (carbohydrates, proline, protein, reducing sugar and phenols). Results indicated significant variation among different rootstocks. The rootstock 110R exhibited highest catalase, polyphenol oxidase and carbohydrate levels in the early stages, suggesting its role in earlier bud break and sprouting. In contrast, 140Ru recorded the highest levels of proline, protein and phenols, contributing to delayed bud break but enhanced defense mechanisms. The rootstock 1103P showed maximum reducing sugar content. The study highlights the differential biochemical and enzymatic responses among the rootstocks and their influence on bud development and stress adaptation in grapevines. 
Keywords: Biochemical, Buds, Enzyme, Grapevines, Rootstock. 
Introduction
Grape (Vitis vinifera L.) is a temperate fruit crop originally native to the Transcaucasian region and the Near East. It has adapted well to regions with arid to cooler climates. Most of the grapes produced in India are consumed domestically as fresh fruit, however globally, a major portion of grape production is used for wine preparation. Approximately 48% of the world's grape production is fermented into wine and 36% is used for raisin preparation (Shabeer et al., 2024). In India, around 78% of the total grape production is consumed as fresh fruit, 23–25% is used for raisin making and only about 2% is used for juice and wine production. In India, Maharashtra contributes around 70% of the total grape production. Other important states include Karnataka (24.4%), Tamil Nadu (1.43%), Andhra Pradesh (1.34%), Madhya Pradesh (1.03%) and Mizoram (0.5%) collectively accounting for nearly 99% of the country's production (NHB, 2022). The total grape-growing area in India is 1.76 lakh hectares, with a production of 38.96 lakh metric tonnes and a productivity of 22.15 MT/ha (Anonymous, 2024).
Climate plays a significant role in determining the yield and quality of grapes and the wine produced from them. The warmer areas employ specific viticultural practices and often cultivate table and raisin grape varieties rather than wine grapes. Climate change has resulted in warming of the landmass, making it increasingly difficult for certain varieties to adapt to these changing conditions (Jones, 2010). The use of rootstocks helps in mitigating environmental stress and ensures timely bud break. For example, Dogridge rootstock supports vine growth even under high salinity conditions. Drought-tolerant rootstocks such as 110R, 140RU and 1103P is widely used. The interaction between rootstock and scion is important for timely bud break and the production of quality fruits. Rootstocks influence scion physiology, leading to improved vegetative growth (Gu, 2003).
Drought-resistant rootstocks are known to exhibit enhanced enzyme activity under stress conditions, helping the plant to manage environmental challenges (Sucu et al., 2018). Rootstocks derived from V. berlandieri × V. rupestris also promote increased phenolic content, higher flavonoid levels and greater protein production. Carbohydrate accumulation in the stem and root portions of the vine plays a major role in triggering bud break during the flowering season. Thus, the enzymatic and biochemical responses of rootstocks help vines adapt to stress and support successful bud break (Satisha et al., 2007). The aim of this study was to investigate the role of rootstocks in enhancing the physiological and biochemical responses of grapevines (Vitis vinifera L.) under varying climatic conditions, with a focus on how rootstocks influence bud break, enzyme activities, and fruit quality in Manjari Kishmish raisin variety.
Material and Methods 
Experimental site
	The experiment was conducted at National Research Centre for Grapes, Pune (latitude 18°32′N and longitude 73°51′E) during 2024–25 growing season. Five-year-old Manjari Kishmish vines grafted on four different rootstocks i.e. Dogridge (Vitis champinii), 110 Richter, 140-Ru and 1103P were evaluated using a randomized block design with five replications. Each replication consisted of five vines. The vines were planted on a Y trellis system at a spacing of 2.7 × 1.5 meters, thus accommodating 968 vines per acre. The experimental soil was heavy black in texture, with a pH of 7.75 and an electrical conductivity (EC) of 0.46 dS m⁻¹. A double pruning and single cropping system was followed under tropical conditions. Foundation pruning was conducted in April, while fruit pruning was carried out in September.
Sample collection
Buds were collected from the mature shoots of grapevines at intervals of 0 (stage 1), 2 (stage 2), 4 (stage 3), 6 (stage 4) and 8 (stage 5) days after fruit pruning. The harvested buds were immediately stored at –20 °C for further analysis. For all enzymatic assays, 0.5 g of bud tissue was crushed under liquid nitrogen and homogenized prior to use.
Enzyme study
The enzymatic activities of catalase, peroxidase and polyphenol oxidase were measured using a photo-spectrophotometer at specific wavelengths. Catalase activity was estimated following the methods of Aebi (1984). Peroxidase activity was determined using the method described by Chance et al. (1955) while polyphenol oxidase activity was estimated using the procedure outlined by Oberbacher (1963).
Biochemical study
	In addition, several biochemical parameters namely carbohydrates, phenols, proline, proteins and reducing sugar were evaluated. The total carbohydrate content was determined following the protocol of Sadasivam and Manickam (1996) and reported in mg per gram of tissue. Protein concentration was estimated using the Lowry method and expressed in mg/g. Reducing sugar levels were analysed using the dinitro salicylic acid (DNS) assay and also expressed in mg/g. The total phenolic content was quantified using the Folin–Ciocalteu reagent method (Singleton and Rossi, 1965) with gallic acid serving as the standard. Proline content was assessed using the method described by Bates et al. (1973) and expressed as micromoles per gram of bud tissue.
Statistical analysis
	Analysis of variance (ANOVA) was conducted for yield and quality traits using one-way ANOVA in SAS software (SAS Institute). For each parameter, the mean and standard deviation (SD) were calculated. 


Result and Discussion 
Enzyme Analysis 
	 Significant differences in catalase enzyme activity among the different rootstocks at various stages of bud growth (Table 1). At stage 1, the highest catalase activity was recorded in 110R grafted vines (219.55) followed by 14ORu (188.20), Dogridge (160.81) and 1103P (170.25). As the bud development progressed to stage 2, a decline in catalase activity was observed across all rootstocks with 110R (181.15) still maintaining the highest activity followed by 14ORu (173.06), Dogridge (152.67), and 1103P (148.63). A further reduction was seen at stage 3 where catalase activity ranged from 161.59 in 110R to 123.96 in 1103P grafted vines. A marked decrease occurred at stage 4 with Dogridge (78.71) and 1103P (74.28) exhibiting notably lower activity compared to 110R (88.80) and 14ORu (90.68) grafted vines. Interestingly at stage 5, catalase activity slightly improved with 1103P showing the highest value (137.41) followed by 110R (124.65), 14ORu (118.94), and Dogridge (101.74). 
Table 1: Catalase activity (units (Kat f.) ·mg-1 protein·g-1 FW) at different stages of bud growth of Manjari Kishmish
	Rootstocks
	Stage 1
	Stage 2
	Stage 3
	Stage 4
	Stage 5

	Dogridge
	160.81
	152.67
	152.37
	78.71
	101.74

	110R
	219.55
	181.15
	161.59
	88.80
	124.65

	[bookmark: _Hlk196503983]14ORu
	188.20
	173.06
	153.92
	90.68
	118.94

	1103P
	170.25
	148.63
	123.96
	74.28
	[bookmark: _Hlk196504072]137.41

	S Em ±
	8.86
	1.59
	3.66
	2.59
	0.97

	CD 5%
	30.66
	5.49
	12.68
	8.95
	3.36



Polyphenol Oxidase 
	Table 2 shows polyphenol oxidase (PPO) activity at different stages of bud growth in Manjari Kishmish rootstocks showed significant variation. At stage 1, PPO activity ranged from a minimum of 23.31 in 14ORu to a maximum of 73.89 in 110R. In stage 2, the activity varied between 39.79 in 14ORu (minimum) and 72.01 in Dogridge (maximum). During stage 3, the lowest PPO activity was observed in 14ORu (49.98), while the highest was recorded in 110R (87.22). At stage 4, PPO activity showed a substantial increase, with 110R again recording the maximum value (123.58), whereas Dogridge showed the minimum (66.32). In   stage 5, PPO activity ranged from a minimum of 67.89 in 1103P to a maximum of 89.08 in 110R. Overall, across all stages, the highest PPO activity was noted in 110R at stage 4 (123.58), while the lowest activity was observed in 14ORu at stage 1 (23.31). According to Wang et al. (1991), polyphenol oxidase activity is negatively correlated with peroxidase activity. Dormant apple buds exhibit low PPO activity and high peroxidase activity. As buds progress to the swelling stage, PPO activity increases while peroxidase activity decreases.
Table2: polyphenol oxidase activity (units·mg-1 protein·g-1 FW) at different stages of bud growth of Manjari Kishmish
	Rootstocks
	Stage 1
	Stage 2
	Stage 3
	Stage 4
	Stage 5

	Dogridge
	58.86
	72.01
	78.86
	66.32
	82.57

	110R
	73.89
	61.36
	87.22
	123.58
	89.08

	14ORu
	23.31
	39.79
	49.98
	64.71
	79.02

	1103P
	56.19
	67.86
	71.57
	66.89
	67.89

	S Em ±
	1.48
	2.12
	2.34
	2.09
	0.78

	CD 5%
	5.12
	7.33
	8.11
	7.23
	2.71



Peroxidase activity 
The peroxidase enzyme activity at different stages of bud growth in Manjari Kishmish exhibited distinct variations among the different rootstocks. At stage 1, the highest peroxidase activity was observed in 1103P (12.78), followed by 110R (11.65) and 14ORu (10.53), while lowest peroxidase activity was observed in Dogridge (8.27). During stage 2, 1103P again recorded the highest activity (9.77), closely followed by 110R (9.69), whereas 14ORu (6.02) showed the lowest activity. A decline in peroxidase activity was noted across all rootstocks at stage 3, with 1103P maintaining the highest value (6.39) and Dogridge registering the lowest (4.14). At stage 4, enzyme activity further decreased, with 1103P (3.76) having the highest activity and 14ORu (2.63) the lowest. Finally, at stage 5, a significant reduction was observed in all rootstocks, with Dogridge recording the minimum peroxidase activity (1.50), while 110R and 1103P both showed the highest values (1.88). Overall, peroxidase activity was highest in 1103P at stage 1 and lowest in Dogridge at stage 5, indicating a general declining trend in enzyme activity with bud development progression. Tripathi et al. (2006) also reported that peroxidase and polyphenol oxidase can serve as indicators of endogenous physiological changes as these enzymes help scavenge hydrogen peroxide (H₂O₂) and contribute to dormancy release. Mohammadkhani et al. (2013) also noted a significant positive correlation between enzymatic activities (catalase, peroxidase and polyphenol oxidase) and total phenol content. Somkuwar et al. (2021) observed a gradual decrease in peroxidase activity from the dormant to the bud sprouting stage. Based on biennial data, Red Globe vines grafted onto 110R rootstock showed high peroxidase activity in grape buds.
Table 3: Peroxidase enzyme activity (units·mg-1 protein·g-1 FW) at different stages of bud growth of Manjari Kishmish
	Rootstocks
	Stage 1
	Stage 2
	Stage 3
	Stage 4
	Stage 5

	Dogridge
	8.27
	7.89
	4.14
	3.53
	1.50

	110R
	11.65
	9.69
	5.26
	3.38
	1.88

	14ORu
	10.53
	6.02
	4.89
	2.63
	1.54

	1103P
	12.78
	9.77
	6.39
	3.76
	1.88

	S Em ±
	0.47
	0.44
	0.42
	0.31
	0.17

	CD 5%
	1.61
	1.51
	1.44
	N sig
	N sig



Biochemical content
Carbohydrate content
	The carbohydrate content at different stages of bud break showed significant differences (Table 4). At stage 1, the maximum carbohydrate content was recorded in 110R (147.85 mg/g), while the minimum was in 14ORu (99.04 mg/g). In stage 2, 110R again exhibited the highest value (94.69 mg/g), whereas 14ORu had the lowest (66.18 mg/g). During stage 3, carbohydrate content continued to decrease, with the maximum in 110R (44.87 mg/g) and the minimum in 14ORu (25.98 mg/g). At stage 4, the highest carbohydrate level was observed in 1103P (29.58 mg/g), while 110R recorded the lowest (24.81 mg/g). Interestingly, at stage 5, 14ORu showed a slight increase, registering the highest value (35.66 mg/g), while 1103P had the lowest carbohydrate content (24.23 mg/g). Overall, the data indicate that 110R consistently maintained higher carbohydrate levels in the early stages, whereas 14ORu showed the lowest values during the critical mid-stages of bud development, with some recovery at the final stage. Total carbohydrates stored in the plant are available in the form of monosaccharides, which act as signaling molecules for sink tissues such as buds during bud break (De Rosa et al., 2022). Carbohydrate reserves result from metabolic consumption and indicate mobilization. They serve as an energy source for metabolic activities, bud sprouting and spring blooming. A reduction in total starch and other sugars was correlated with a decrease in total carbohydrate content. Ndungu et al. (1997) reported that carbohydrate levels also increase based on cultural practices, which influence earlier bud break.
Table4.  Total carbohydrate content at different stages of bud break in Manjari Kishmish 
	Carbohydrate (mg/g)

	Rootstocks
	Stage 1
	Stage 2
	Stage 3
	Stage 4
	Stage 5

	Dogridge
	106.99
	74.15
	41.31
	26.10
	28.24

	110R
	147.85
	94.69
	44.87
	24.81
	26.18

	14ORu
	99.04
	66.18
	25.98
	25.13
	35.66

	1103P
	107.28
	75.82
	44.36
	29.58
	24.23

	S Em ±
	3.31
	2.95
	1.10
	0.83
	0.93

	CD 5%
	11.44
	10.22
	3.82
	2.86
	3.22



Proline Content
The proline content of buds at different stages of growth, as recorded in Table 5 showed significant differences among the rootstocks. At stage 1, the maximum proline content was observed in 140Ru (3.696 µg/ml), while the minimum was in Dogridge (1.723 µg/ml). In stage 2, 140Ru again recorded the highest proline level (3.480 µg/ml), whereas Dogridge had the lowest (1.560 µg/ml). At stage 3, 140Ru continued to show the highest content (3.337 µg/ml), and the lowest was again found in Dogridge (1.544 µg/ml). During stage 4, 140Ru maintained the maximum value (2.919 µg/ml), while 1103P showed the minimum (1.755 µg/ml). Finally, at stage 5, the highest proline content was seen in 140Ru (2.611 µg/ml), and the lowest in Dogridge (1.370 µg/ml). Overall, across all stages, 140Ru consistently exhibited the highest proline accumulation, indicating its strong stress-related response, whereas Dogridge consistently showed the lowest values, suggesting comparatively lower proline accumulation during bud development. According to Zhuang et al. (2015), increased proline content can reduce reactive oxygen species (ROS) by enhancing the peroxidase pathway. This, in turn, activates additional antioxidant pathways, including the oxidative pentose phosphate pathway, by generating more NADPH. Ben et al. (2012) also reported a decrease in total proline content from stage 1 to stage 5. A slight increase was observed initially, followed by a steady decline. The changes in proline content were found to parallel the variations in POD enzyme activity.
Table No.5: Total proline content in buds at different stages of Manjari Kishmish 
	Proline (ug/ml)

	Rootstocks 
	Stage 1
	Stage 2
	Stage 3
	Stage 4
	Stage 5

	Dogridge
	1.723
	1.560
	1.544
	1.651
	1.370

	110R
	2.591
	2.343
	2.095
	2.006
	2.058

	140Ru
	3.696
	3.480
	3.337
	2.919
	2.611

	1103P
	2.808
	1.989
	1.770
	1.755
	1.679

	S Em ±
	0.127
	0.158
	0.151
	0.174
	0.111

	CD 5%
	0.440
	0.547
	0.522
	0.601
	0.385



Protein Content
The protein content from the dormant bud stage to the five-leaf stage varied significantly among the different rootstocks (Table 5). At stage 1, the highest protein content was recorded in 140Ru (1.920 mg/g) followed by Dogridge (1.466 mg/g), while the lowest was observed in 110R (0.932 mg/g). In stage 2, 140Ru again showed the maximum protein content (1.721 mg/g), whereas Dogridge had the minimum (1.321 mg/g). During stage 3, 1103P exhibited the highest protein level (1.453 mg/g), while Dogridge recorded the lowest (0.697 mg/g). At stage 4, 140Ru maintained the highest protein content (1.631 mg/g) and 110R recorded the minimum (0.964 mg/g). Finally, at stage 5, 140Ru again showed the highest protein content (1.315 mg/g), while Dogridge had the lowest (0.856 mg/g). Overall, 140RU consistently exhibited the highest protein accumulation across all stages, whereas Dogridge generally showed lower protein levels, except at stage 3 where 110R also had lower values. These results suggest that 140Ru maintained better protein metabolism during the different stages of bud growth. According to Marschner (2012), an increase in photosynthetic activity enhances nucleic acid biosynthesis and protein metabolism in plants. Bud break is associated with a reduction in crude protein content, which may result from the solubilization and resynthesis of proteins needed for active cell division. El-Boray et al. (2019) reported that increased application of bud-breaking substances as foliar sprays reduced the crude protein content in buds.
Table 6: Total protein content in buds at different stages of Manjari Kishmish
	Protein (mg/g)

	Rootstocks
	Stage 1
	Stage 2
	Stage 3
	Stage 4
	Stage 5

	Dogridge
	1.466
	1.321
	0.697
	1.154
	0.856

	110R
	0.932
	1.070
	1.039
	0.964
	1.147

	140Ru
	1.920
	1.721
	1.356
	1.631
	1.315

	1103P
	1.359
	1.339
	1.453
	1.214
	1.196

	S Em ±
	0.099
	0.100
	0.124
	0.089
	0.048

	CD 5%
	0.343
	0.344
	0.429
	0.307
	0.166


Reducing Sugar 
	The total reducing sugar content in the buds of Manjari Kishmish showed notable variations across stages and rootstocks (Table 6). At stage 1, 1103P had the highest reducing sugar content (25.08 mg/g), while Dogridge had the lowest (11.33 mg/g). 1103P maintained the highest values at all stages, reaching a peak of 24.33 mg/g at stage 5, whereas Dogridge and 110R generally exhibited lower levels, with 110R showing the minimum (10.75 mg/g) at Stage 5. Overall, 1103P grafted vines consistently had the highest reducing sugar content, indicating stronger accumulation, while Dogridge and 110R had lower levels throughout bud development. Girault et al. (2010) reported that in Rosa species, following the application of stress, the reducing sugar content in the bud and nodal areas initially decreased but increased again after 96 hours. According to Liang et al. (2019), the application of hydrogen cyanamide enhances starch solubilization, thereby increasing the availability of sugars, which promotes normal bud growth. Additionally, starch content was found to be positively correlated with abscisic acid (ABA) levels in grape bud dormancy.
Table 7: Total Reducing sugar in buds at different stages of Manjari Kishmish
	Reducing sugar (mg/g)

	Rootstocks
	Stage 1
	Stage 2
	Stage 3
	Stage 4
	Stage 5

	Dogridge
	11.33
	10.92
	10.50
	13.83
	13.75

	110R
	15.50
	17.63
	19.75
	11.50
	10.75

	140Ru
	17.67
	16.42
	15.17
	12.34
	16.67

	1103P
	25.08
	23.00
	20.92
	13.92
	24.33

	S Em ±
	0.94
	1.27
	1.99
	0.53
	1.84

	CD 5%
	3.25
	4.38
	6.88
	1.83
	6.37


Phenol Content
At stage 1, the highest phenol content was recorded in 140Ru (1.44 mg/g), while the lowest was observed in Dogridge and 110R (both 0.92 mg/g). In stage 2, 140Ru again exhibited the highest phenol content (1.60 mg/g) and Dogridge showed the lowest (1.15 mg/g). During stage 3, the highest phenol content was found in 140Ru (1.76 mg/g), while Dogridge had the lowest (1.33 mg/g). At stage 4, 1103P showed the maximum phenol content (2.38 mg/g), and Dogridge had the minimum (1.44 mg/g). Finally, at stage 5, the highest phenol content was recorded in 140Ru (2.32 mg/g), while Dogridge and 110R had the lowest values (2.07 mg/g and 2.08 mg/g, respectively). Overall, 140Ru consistently exhibited the highest phenol accumulation across all stages, whereas Dogridge and 110R showed lower levels, especially at early stages. El-Yazal et al. (2014) reported that lower phenol levels were found during bud release from dormancy, while higher levels were detected during dormancy and increased further after the bud expansion stage. 
Table 8: Total phenol content in buds at different stages of Manjari Kishmish
	Phenol (mg/g)

	      Rootstocks
	Stage 1
	Stage 2
	Stage 3
	Stage 4
	Stage 5

	Dogridge
	0.92
	1.15
	1.33
	1.44
	2.07

	110R
	0.92
	1.21
	1.55
	1.47
	2.08

	[bookmark: _Hlk196561434]140Ru
	1.44
	1.60
	1.76
	1.92
	2.32

	1103P
	1.03
	1.33
	1.53
	2.38
	2.14

	S Em ±
	0.11
	0.08
	0.07
	0.08
	0.05

	CD 5%
	0.39
	0.29
	0.25
	0.27
	0.18



Conclusion 
From the present study, it can be concluded that rootstocks exhibit varied responses in terms of enzyme activity and biochemical content in the vine. Manjari Kishmish grafted onto 110R rootstock recorded the highest activity of catalase, polyphenol oxidase, peroxidase, and carbohydrate content in buds from the dormant bud stage to the five-leaf stage. Vines grafted onto 140Ru showed the highest levels of proline, total protein and total phenol content in buds. Meanwhile, 1103P grafted vines recorded higher levels of reducing sugars in their buds. These findings suggest that the higher enzymatic activity observed in 110R grafted vines is associated with earlier bud break and faster sprouting. In contrast, the higher biochemical accumulation in 140Ru grafted vines contributes to a delayed initiation of bud break followed by a steady increase in growth activity and enhanced defense responses under stress conditions.
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