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Vegetative Response of Pomegranate cv. Bhagwa to Different Winter Pruning Intensities in the Subtropical Region of Himachal Pradesh
Abstract

Pomegranate (Punica granatum L.) is a commercially important fruit crop that requires careful canopy management to balance vegetative growth and fruit production. Canopy management through pruning is essential for regulating vegetative growth, which directly influences the plant’s productivity and overall health. The present study was conducted to assess the vegetative response of pomegranate cv. ‘Bhagwa’ to different winter pruning intensities under subtropical conditions of Himachal Pradesh. The experiment was laid out at the Regional Horticulture and Forestry Research Station, Bhota, with five treatments: T1 (10 cm), T2 (15 cm), T3 (20 cm), T4 (25 cm) and T5 (control, no pruning). Results revealed that the severest pruning intensity (25 cm) significantly promoted vegetative parameters such as plant height, trunk diameter, trunk cross sectional area, annual shoot length and plant spread, indicating a strong compensatory growth response. In contrast, unpruned plants showed the least vegetative development. Thus, the study concludes that pruning intensity plays a critical role in managing vegetative growth in pomegranate and severe pruning can be recommended for rejuvenating canopy structure under similar agro-climatic conditions.
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​​​​Introduction

Pomegranate (Punica granatum L.) is one of the oldest known edible fruit crops, prized for its nutritional, medicinal and economic value. It adapts well across tropical and subtropical agro-climatic zones and is increasingly cultivated in semi-arid and hilly regions. Among the popular cultivars, 'Bhagwa' has gained prominence for its bright arils, soft seeds, high yield potential and market acceptability, making it one of the most commercially viable pomegranate varieties in India. In India, pomegranate occupies an area of 2,23,520 ha with an annual production of 28,42,120 MT (MoA&FW, 2024). In Himachal Pradesh, pomegranate cultivation has expanded notably in recent years, especially in the lower foothills. However, the average productivity in the state (1.39 MT/ha) remains far below the national average (11.41 MT/ha) (Anonymous, 2024), indicating the need for improved cultural practices and canopy management strategies. Pomegranate is a bushy, multi-stemmed plant with vigorous suckering behaviour, often producing an abundance of slender shoots during the growing season. This dense canopy structure reduces light penetration, increases humidity within the canopy and limits fruit quality and yield. As a light-loving plant, adequate light distribution within the canopy is essential for photosynthesis, flowering and fruit development. Effective canopy management through pruning helps maintain an open canopy structure, ensures optimal light interception and facilitates better spray coverage, aeration and fruit exposure (Kumar et al. 2019). 
Winter pruning plays a crucial role in regulating plant growth and canopy structure by selectively removing water sprouts, vigorous shoots and current season’s growth (Marini, 1983). This practice helps to maintain tree form, improve light penetration and stimulate uniform shoot emergence in the following growing season. The intensity of winter pruning defined by the extent of shoot removal has a direct influence on the plant’s vegetative response and overall performance (Albarracín et al. 2017). Severe pruning often promotes vigorous shoot regrowth and enhances canopy renewal (Mika, 2011), while light pruning may result in weak sprouting and poor canopy development. Therefore, identifying the optimal level of winter pruning intensity is essential to optimize vegetative growth under subtropical conditions. Despite the growing area under pomegranate cultivation in Himachal Pradesh, scientific studies on winter pruning practices remain limited. Hence, in view of the importance of pruning as a canopy management tool and the need to improve plant growth performance under subtropical conditions, the present investigation was undertaken to study the effect of different winter pruning intensities on the growth parameters of pomegranate cv. Bhagwa in the subtropical region of Himachal Pradesh.
Materials and Methods
Site Description

The experiment was conducted during the years 2022 and 2023 at the experimental farm of the Regional Horticulture and Forestry Research Station, Bhota, located in Hamirpur district, Himachal Pradesh, India. The site lies in the subtropical low hill region of the state at an altitude of 775 meters above mean sea level, with geographic coordinates 31°38'39.74" N latitude and 76°33'27.57" E longitude. The region experiences hot summers with temperatures exceeding 40°C and cold winters where temperatures drop below 5°C. The average annual rainfall ranges between 1100 to 1200 mm, the majority of which is received during the monsoon season.

Experimental and Treatment Details
The study was conducted on five-year-old pomegranate trees of cultivar ‘Bhagwa’. Trees were selected based on uniform vigour, size and canopy structure. Standard cultural practices were followed as per the recommended package by the Dr. Yashwant Singh Parmar University of Horticulture and Forestry, Nauni, Solan, Himachal Pradesh. These plants were planted at a spacing of 3 m × 3 m. All experimental trees received consistent and recommended cultural practices throughout the entire duration of the study. However, the pruning was performed according to the schedule of the treatments. The experiment was conducted in a randomized block design (RBD) with five different pruning treatments intensities: T1 (10 cm), T2 (15 cm), T3 (20 cm), T4 (25 cm) and T5 (control, no pruning). Each treatment consisted of two plants with five replications per treatment. 
Observations Recorded

Annual shoot length, Plant Height, Plant spread (E-W and N-S), Trunk diameter and Trunk cross sectional area (TCSA)
Four healthy and uniform shoots were randomly selected and tagged with paint in all directions of each tree canopy prior to pruning. The initial shoot length was measured immediately after pruning and the final length was recorded at the onset of dormancy using a measuring tape. The percent increase in shoot length was calculated using the formula:
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Where, Shoot length 2 = Final shoot length



Shoot length 1 = Initial shoot length
Similarly, plant height was measured from the base to the apex using a pre-marked bamboo pole, both after pruning and at the end of the growing season and expressed as a percentage increase. Plant spread was assessed in both East–West and North–South directions following the same method, using a pre-marked pole. Trunk diameter was measured 15 cm above the ground level with a Vernier Caliper immediately after pruning and again at the end of the growing season and the percent increase was calculated. However, the method of percent increase measurement for all parameters was the same as described in the case of shoot length. The trunk cross-sectional area (TCSA) was computed using the formula and was expressed as percent increase.
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Where, r = radius.
Statistical analysis
The experimental data collected were suitably computed, tabulated and analyzed using MS-Excel and OPSTAT. The data values were subjected to variance analysis using the Randomized Block Design approach described by Gomez and Gomez (1984).
Results and Discussion
The data presented in Table 1 reveal that winter pruning intensity had a significant influence on the vegetative growth parameters of ‘Bhagwa’ pomegranate during both years of the study. The treatment T4 (25 cm pruning) consistently recorded the highest percent increase in plant height (18.53% and 29.08%), East–West plant spread (25.54% and 23.74%) and North–South plant spread (25.58% and 23.91%) across both seasons. In contrast, the lowest values for plant height (9.34% and 18.26%), East–West spread (16.87% and 11.96%) and North–South spread (16.53% and 12.07%) were recorded under T5 (control). Pooled analysis further confirmed the effectiveness of T4, showing the maximum overall increase in plant height (23.81%), East–West spread (24.65%) and North–South spread (24.75%). The minimum pooled values were associated with T5, which recorded only 13.81%, 14.42% and 14.31% increases, respectively. Likewise, the results presented in Table 2 show a marked influence of winter pruning intensities on annual shoot length, trunk diameter and trunk cross-sectional area (TCSA) in pomegranate cv. ‘Bhagwa’. Among the treatments, T4 (25 cm pruning) consistently recorded the highest vegetative response, with the maximum percent increase in annual shoot length (24.75% and 27.11%), trunk diameter (18.07% and 15.79%) and TCSA (47.48% and 34.12%). This indicates that vegetative growth was more responsive to severe pruning, likely due to enhanced shoot regeneration and cambial activity. In contrast, the lowest increases in shoot length (14.31% and 11.76%), trunk diameter (8.66% and 7.07%) and TCSA (18.50% and 14.69%) were recorded under T5 (control), where no pruning was applied. Pooled analysis further supported these results, with T4 showing the highest overall increases in annual shoot length (28.12%), trunk diameter (18.24%) and TCSA (40.81%), followed by T3 and T2, while T5 remained consistently lowest across all parameters. 

The enhancement of these growth parameters under severe pruning could be attributed to the redistribution of assimilates to fewer but more vigorous shoots, a well-documented physiological response to pruning. Removal of shoot tips reduces auxin flow from apical meristems, reducing its inhibitory effect on lateral bud outgrowth. The resulting hormonal balance favors elongation of newly formed shoots, which also benefit from improved light conditions and reduced competition. Additionally, stored carbohydrates in the roots and woody stems from the previous season are redirected toward active growing points, enhancing shoot elongation. Similar findings are in association with Al-Saif et al. (2023) in ‘Valenica’ orange and Singh et al. (2016) in ‘Nagpur’ mandarin trees who found that severe rejuvenation resulted in increased shoot length. In addition, the significant enhancement in plant height and canopy spread under severe pruning can be attributed to a strong compensatory growth response resulting from the removal of apical dominance and older wood. Moreover, severe pruning reduces the number of active growing points, thereby concentrating endogenous resources such as carbohydrates, nutrients and growth hormones (particularly cytokinins and gibberellins) into fewer buds. This hormonal and nutritional shift promotes both rapid vertical elongation and lateral shoot emergence. Furthermore, the removal of apical shoots also stimulates the activation of latent or axillary buds, resulting in vigorous shoot proliferation in all directions which contributes to a broader canopy. Additionally, reduced canopy crowding improves light penetration, which positively influences branch angle development and lateral expansion. The enhanced vertical and lateral growth not only improves plant architecture but also maximizes light interception and photosynthetic efficiency. Similar observations were reported by Nagar et al. (2018) who observed the maximum gain in plant height and canopy spread in the trees that were pruned at 50% as compared to 25 % pruning intensity on ‘Bhagwa’ variety of pomegranate. Furthermore, these findings are also supported by Bussi et al. (2005) in ‘Alexandra’ cultivar of peach; Rathi et al. (2003) in ‘Tessia Samisto’ peach trees and Singh and Dhaliwal (2004) in guava cv. ‘Sardar’ who found that severe pruning recorded the highest vegetative growth. In addition, the observed increase in trunk diameter and TCSA under severe pruning is likely due to the reduced above-ground load and the subsequent reallocation of physiological resources toward basal growth. With fewer active shoots to support, the tree channels available nutrients and energy into trunk thickening and secondary growth. Additionally, reduced transpiration demand post-pruning improves water use efficiency, which may further support cambial activity and radial stem expansion. TCSA is directly influenced by both the increased vascular tissue development and overall stem girth, indicating improved structural robustness of the plant under heavier pruning intensities. The present findings suggest that more intensive pruning facilitates greater canopy expansion, likely due to enhanced shoot regeneration, better light interception and improved overall canopy structure. Our results are in association with those of Kaith et al. (2011) in ‘Starking Delicious’ apple, Kumar and Thakur, (2012) in ‘Santa Rosa’ plum and Singh et al. (2017) in ‘Dashehari’ mango who concluded that severe pruning increased the trunk girth and diameter.
Conclusion

Based on the present investigation, it can be concluded that winter pruning significantly influenced the vegetative growth of pomegranate cv. ‘Bhagwa’, which in turn may positively support the reproductive process. Among all treatments, T4 (25 cm pruning) recorded the highest increase in plant height, canopy spread, shoot length, trunk diameter and trunk cross-sectional area. This vegetative improvement contributed to better canopy structure and enhanced flowering potential. Therefore, 25 cm winter pruning is recommended for promoting balanced vegetative and reproductive growth in pomegranate under the subtropical conditions of Himachal Pradesh. 
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Table 1. Effect of different winter pruning intensities on per cent increase in plant height and plant spread (E-W and N-S)
	Treatment
	Plant Height (%)
	Plant Spread (E-W)
	Plant Spread (N-S)

	
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	T1
	10.32 (3.18)
	22.49 (4.72)
	16.41 (3.95)
	18.26 (4.27)
	15.22 (3.87)
	16.75 (4.07)
	19.97 (4.45)
	13.90 (3.71)
	16.94 (4.08)

	T2
	11.63 (3.37)
	25.21 (5.01)
	18.42 (4.20)
	20.52 (4.52)
	15.93 (3.98)
	18.23 (4.5)
	20.99 (4.56)
	19.15 (4.35)
	20.08 (4.46)

	T3
	12.62 (3.51)
	26.39 (5.13)
	19.51 (4.33)
	21.01 (4.57)
	20.18 (4.48)
	20.60 (4.53)
	23.76 (4.86)
	21.21 (4.59)
	22.49 (4.73)

	T4
	18.53 (4.27)
	29.08 (5.39)
	23.81 (4.84)
	25.54 (5.05)
	23.74 (4.86)
	24.65 (4.96)
	25.58 (5.05)
	23.91 (4.88)
	24.75 (4.97)

	T5
	9.34 (3.02)
	18.26 (4.27)
	13.81 (3.64)
	16.87 (4.10)
	11.96 (3.43)
	14.42 (3.77)
	16.53 (4.06)
	12.07 (3.47)
	14.31 (3.76)

	CD0.05
	0.69
	0.37
	0.45
	0.38
	0.48
	0.47
	0.50
	0.44
	0.49

	SE (m) ±
	0.23
	0.12
	0.18
	0.13
	0.16
	0.15
	0.17
	0.15
	0.16


Values in the parentheses are square root transformed
T1-10 cm pruning, T2-15 cm pruning, T3-20 cm pruning, T4-25 cm pruning, T5-Control

Table 2. Effect of different winter pruning intensities on per cent increase on annual shoot length, trunk diameter and trunk cross sectional area (TSCA)
	Treatment
	Annual Shoot Length (%)
	Trunk Diameter (%)
	TCSA (%)

	
	2022
	2023
	Pooled
	2022
	2023
	Pooled
	2022
	2023
	Pooled

	T1
	16.94 (4.08) 
	12.88 (3.58)
	21.59 (4.63)
	9.85 (3.12)
	8.02 (2.79)
	8.94 (3.12)
	21.10
	16.75
	18.93

	T2
	20.08 (4.46) 
	15.60 (3.92)
	23.03 (4.79)
	12.31 (3.49)
	10.51 (3.16)
	11.41 (3.47)
	26.63
	22.33
	24.49

	T3
	22.49 (4.73) 
	18.07 (4.24)
	25.38 (5.03)
	16.32 (4.02)
	13.17 (3.62)
	14.75 (3.95)
	37.83
	28.10
	32.97

	T4
	24.75 (4.97) 
	27.11 (5.19)
	28.12 (5.30)
	18.07 (4.22)
	15.79 (3.97)
	18.24 (4.36)
	47.48
	34.12
	40.81

	T5
	14.31 (3.76) 
	11.76 (3.39)
	15.11 (3.87)
	8.66 (2.93)
	7.07 (2.62)
	7.87 (2.95)
	18.50
	14.69
	16.60

	CD0.05
	0.48
	0.36
	0.71
	0.38
	0.48
	0.47
	10.18
	8.95
	8.23

	SE (m) ±
	0.16
	0.12
	0.14
	0.16
	0.22
	0.19
	3.37
	2.96
	3.17


Values in the parentheses are square root transformed
T1-10 cm pruning, T2-15 cm pruning, T3-20 cm pruning, T4-25 cm pruning, T5-Control

