



Enhancing growth and yield in pomegranate (Punica granatum L. cv. Kandhari) through foliar zinc and boron application
Abstract

Punica granatum L., commonly known as pomegranate is a significant fruit tree of family Punicaceae and originated from Iran. Its cultivation is suitably done in most of the tropical and subtropical areas of the world. It is a highly nutritious fruit crop which provides significant amount of carbohydrates, antioxidants, vitamins, minerals etc that helps in reducing various health problems. The present study entitled “Effect of zinc and boron foliar application on growth, flowering, yield and nutritional quality of pomegranate (Punica granatum L.) cv. Kandhari” was carried out during 2022-23 on five year-old plants of pomegranate cv. Kandhari at Experimental Research Farm Kakhli, Eternal University, Baru Sahib, Sirmour (H.P.). The experiment was laid out in randomized block design with nine treatments each having three replications. The plants were subjected to different concentrations of boron (0, 0.3 and 0.6 %) and zinc (0, 0.3 and 0.6 %) foliar application either alone or in combinations. Results revealed that the maximum plant height (m), plant spread East-West (m), plant spread North-South (m), canopy volume (m3), number of flowers per plant, number of fruits per plant, fruit set (%), yield per plant (kg), yield per hectare (t) and fruit weight (g) were recorded in treatment T4 (boron 0.6%+zinc 0.6%). Based on the above findings, it can be concluded that combined application of boron (0.6%) and zinc (0.6%) effectively improve growth and yield of pomegranate plants by influencing the various physiological processes like cell division, photosynthesis, sugar translocation etc.

Keywords: Boron, Growth, Pomegranate, Yield, Zinc
INTRODUCTION
Pomegranate (Punica granatum L.) is a significant fruit crop of tropical and subtropical regions (Coronado-Reyes et al. 2009), originating from Iran and belonging to the family Punicaceae (2n = 2x = 18) (Singh et al., 2016). The fruit, a modified fleshy berry known as balausta, contains arils (Melgarejo et al., 2020) which is succulent, edible seed coats rich in juice (Chadha, 2019) which are consumed fresh or processed into juice, jams, wines, and liqueurs (Kyralan et al., 2009).

Globally, pomegranate cultivation has expanded due to its high nutritional value and medicinal properties (Bal, 2018). It occupies about 8.36 lakh hectares, yielding around 8.1 million tonnes, with an average productivity of 9.69 t/ha. India is the leading producer, with approximately 2.63 lakh hectares under cultivation and an annual production of 32.15 lakh metric tonnes. Maharashtra leads in area and production, followed by states like Andhra Pradesh, Rajasthan, Gujarat, and Karnataka. In Himachal Pradesh, pomegranate is cultivated on around 2.80 thousand hectares, producing about 4.08 thousand metric tonnes annually (Anonymous, 2023).

The crop thrives in semi-arid regions with well-drained sandy loam soils and can be grown up to 1850 m altitude (Chadha, 2019). It is both deciduous and evergreen depending on climatic conditions and is tolerant to high temperatures (45–48°C), drought, and alkaline soils. However, fruit sweetness and overall quality are compromised under high humidity or insufficient heat during ripening.

Pomegranate is recognized for its therapeutic properties and nutritional content. The arils contain anthocyanins (potent antioxidants), along with vitamins, minerals, flavonoids, and polysaccharides. The juice is valued for its antioxidant capacity, often higher than many other fruits, and is beneficial against several health disorders like heart disease, prostate cancer, and digestive issues (Bhowmik et al., 2013; Dhumal et al., 2022). The seeds, typically discarded during processing, are a source of punicic acid (omega-5 fatty acid), known for its strong antioxidant effects (Kyralan et al., 2009; Melo et al., 2014).

Among the cultivars grown in Himachal Pradesh, ‘Kandhari’ is well-adapted to mid-hill conditions. The fruits are large, with dark red or deep pink arils, slightly acidic juice, and total soluble solids around 12 per cent. This variety yields about 10-13 tonnes per hectare and is valued for its taste and juiciness (Bal, 2018).

Despite its potential, pomegranate productivity often suffers due to nutrient imbalances, particularly micronutrient deficiencies. Continuous harvesting without replenishment depletes essential elements like boron (B) and zinc (Zn), which are critical for plant metabolism, fruit quality, and yield (Hasani et al., 2012; Davarpanah et al., 2016). Balanced fertilization that includes micronutrients is therefore vital.

Zinc plays an important role in enzyme activation, DNA/RNA synthesis, protein formation, and auxin regulation (Rana and Rawat, 2016). It supports pollen development (Hassan et al., 2010), reduces fruit drop, enhances auxin production, and improves fruit size and quality (Marschner, 2012; Meena et al., 2014). It also helps in photosynthesis and maintains membrane integrity. Similarly, boron is essential for pollen tube growth, fruit setting, sugar transport, cell wall formation, and overall reproductive development. It contributes to cell division, meristematic growth, and lignin synthesis. Boron deficiency can severely impair fruit development and lead to poor yield (Suman et al., 2017).
Given the significance of boron and zinc in enhancing plant growth and fruiting characteristics, their foliar application offers a practical approach to correcting deficiencies and boosting productivity. Foliar sprays ensure quick nutrient absorption and can be more effective under certain soil and climatic conditions. Considering the nutritional and economic importance of pomegranate, especially cv. Kandhari in Himachal Pradesh, the present study was undertaken to investigate the Enhancing growth and yield in pomegranate (Punica granatum L. cv. Kandhari) through foliar zinc and boron application.
MATERIALS AND METHODS
A field study was conducted during 2022–2023 at the Experimental Research Farm, Kakhli, under Dr. Khem Singh Gill Akal College of Agriculture, Eternal University, Baru Sahib, Himachal Pradesh, India. The farm is located at 30.45°N latitude and 77.17°E longitude, with an altitude of 1086 meters above mean sea level. The site falls under the mid-hill agro-climatic zone of Himachal Pradesh, characterized by hot summers and cold winters. The experiment utilized five-year-old healthy Kandhari pomegranate plants spaced 3 × 3 meters apart. A total of 27 uniformly growing plants were selected for the study in 2023 and maintained under consistent cultural conditions throughout the experimental period. The trial consisted of nine foliar treatments involving different concentrations and combinations of zinc sulfate and boric acid viz., T0 (Control), T1 (B+Zn @ 0.3+0.3%), T2 (B+Zn @ 0.3+0.6%), T3 (B+Zn @ 0.6+0.3%), T4 (B+Zn @  0.6+0.6%), T5 (B+Zn @ 0.3+0%), T6 (B+Zn @ 0.6+0%), T7 (B+Zn @ 0+0.3%), T8 (B+Zn @ 0+0.6%). Foliar sprays were administered three times viz. during the first week of February, one month before flowering and one month after flowering. The growth parameters like plant height was measured from the base at soil level to the topmost shoot using a measuring tape. Canopy spread was assessed in both East-West and North-South directions and recorded in meters. The total number of flowers per plant was counted visually on three randomly tagged plants per treatment from the beginning of flowering to full bloom. Fruit count per plant was recorded by harvesting all mature fruits from three tagged plants in each treatment and calculating the average. Fruit set percentage was determined using the formula:
Fruit set (%) = (Total number of fruits set / Total number of flowers) × 100. Fruit yield was recorded per plant from each treatment group using a digital analytical balance. Average yield per plant (kg) was calculated and extrapolated to tonnes per hectare (t/ha) using the planting density, by applying the formula: Yield (t/ha) = (Yield per plant × total number of plants per hectare) / 1000. To assess fruit weight, five representative fruits were collected from each of the three randomly tagged plants per treatment. Each fruit was weighed individually on an electronic balance, and the average fruit weight was calculated and expressed in grams. All recorded data were compiled and analyzed using MS Excel and the statistical software OPSTAT
. Analysis of variance (ANOVA) was conducted following the Randomized Block Design (RBD) as per the methodology of Gomez and Gomez (1984). The critical difference (CD) was computed at the 5% level of significance to interpret treatment effects.

Result and Discussion

The findings of the present study revealed that foliar application of micronutrients, particularly at higher concentrations, significantly influenced the growth and yield traits of pomegranate cultivar Kandhari. Compared to the untreated control, treatments involving zinc and boron in different concentrations produced marked improvements in several vegetative growth parameters under high-density planting conditions during the 2023 experimental season.

Among all treatments, the combined application of boron and zinc at 0.6% each (T₄: B + Zn @ 0.6% + 0.6%) resulted in the most pronounced enhancement in plant height, and canopy spread in both East-West and North-South directions. This improvement can be attributed to the essential role of boron and zinc in plant metabolism and physiology. Their involvement as catalysts in enzymatic reactions and in various metabolic pathways could have stimulated growth. Similar effects of micronutrient application on vegetative traits have been reported in guava (Kumawat et al., 2012) and sweet orange (Walli et al., 2022), supporting the current findings.

The superior performance under T₄ treatment might be due to improved nutrient availability and absorption, enhancing the synthesis of key metabolites required for plant growth and development. Zinc is known to be involved in the biosynthesis of indole-3-acetic acid (IAA), which promotes cell elongation and division (Sahota and Arora, 1981), while boron is critical for cell wall formation and division. Ullah et al. (2012) observed similar enhancements in vegetative growth traits in Kinnow mandarin following boron foliar application, and likewise, Asha (2006) and Pathak et al. (2011) reported increased shoot growth in grapes with external zinc sprays.

In addition to vegetative traits, significant variations were observed in reproductive parameters across different treatments. Notably, T₄ treatment recorded the highest number of flowers and fruits per plant, along with improved fruit set, fruit weight, and ultimately, yield per plant and per hectare. These outcomes suggest that zinc facilitated fruit bud initiation and flowering by aiding metabolite translocation to growing tissues (Day, 1994; Usenik and Stampar, 2002), and played a vital role in auxin production, photosynthesis, and carbohydrate accumulation in fruit tissues. Additionally, zinc may regulate auxin balance, which influences fruit retention and minimizes fruit drop (Venu et al., 2014 ).

Boron, on the other hand, likely improved reproductive success by enhancing stigma receptivity and supporting efficient translocation of sugars to developing floral organs, which are crucial for pollination and fruit set (Wojcik and Wojcik, 2003; Baldi et al., 2004). The combined use of boron and zinc not only increased fruit set but also reduced pre-harvest fruit drop and improved overall fruit yield, as corroborated by earlier work in guava (Patel and Singh, 2021; Yadav et al., 2022; Kumar et al., 2024). Enhanced fruit set at higher micronutrient levels may result from improved hormone activity and nutrient mobility toward the ovary, as noted in mandarin (Ruchal et al., 2020) and litchi (Gupta et al., 2022).

Several previous studies on pomegranate also affirm the yield-boosting effects of micronutrients due to improved photosynthetic efficiency and overall plant vigor (Rani and Brahmachari, 2001; Goswami et al., 2012; Sheikh and Manjula, 2012; Davarpanah et al., 2016; Maji et al., 2017; Amina et al., 2021; Zerak et al., 2023). Comparable results have been reported in other fruit crops, including pear (Wojcik and Wojcik, 2003) and peach (Yadav et al., 2013) with boron application, and apple (Amiri et al., 2008), pistachio (Soliemanzadeh et al., 2013), and guava (Babu and Tripathi, 2022) with zinc supplementation
.
Moreover, integrated foliar feeding of zinc and boron has been effective in enhancing yield characteristics in papaya (Jeyakumar et al., 2001), olive (Perica et al., 2001), cherry (Usenik and Stampar, 2007), and litchi (Chauhan et al., 2019; Das et al., 2020). Hasani et al. (2012) also documented a 4–5% increase in pomegranate yield over control using a foliar mix of ferrous sulfate, zinc sulfate, and borax. Collectively, the current study aligns with these earlier findings and reinforces that foliar application of boron and zinc, particularly in combination, can substantially improve growth and productivity in pomegranate cv. Kandhari.
Conclusion

The results of the present investigation clearly demonstrate that the combined foliar application of Boron (0.6%) and Zinc (0.6%) (T4 treatment) significantly enhances the vegetative growth and fruit yield of pomegranate cultivar Kandhari under mid-hill conditions of Himachal Pradesh. This treatment outperformed the control and other treatments, indicating the synergistic effect of boron and zinc in promoting overall plant performance. Hence, the pre-harvest application of these micronutrients in combination can be effectively adopted as a nutrient management strategy to improve the productivity and profitability of pomegranate cultivation in similar agro-climatic regions.
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Table 1. Effect of zinc and boron application on plant growth and yield parameters of pomegranate cv. Kandhari
	Treatment notation
	Treatment Combinations
	Plant Height (m)
	Plant Spread
(E-W) (m)
	Plant Spread (N-S) (m)
	Number of Flowers per Plant
	Number of Fruits per Plant
	Fruit Set (%)
	Yield per Plant(kg)
	Yield per Hectare (tonnes)
	Fruit
Weight (g)

	T0
	Control (Water spray)
	3.37
	2.84
	3.10
	198.67
	86.00
	43.33
	21.11
	23.75
	275.67

	T1
	B+Zn @ 0.3+0.3%
	3.54
	3.20
	3.17
	208.00
	96.00
	46.13
	28.70
	32.29
	336.13

	T2
	B+Zn @ 0.3+0.6%
	3.51
	3.22
	3.17
	205.00
	93.00
	45.31
	29.86
	33.60
	360.00

	T3
	B+Zn @ 0.6+0.3%
	3.61
	3.22
	3.27
	252.67
	138.00
	54.86
	44.34
	49.89
	361.00

	T4
	B+Zn @ 0.6+0.6%
	3.69
	3.30
	3.28
	288.33
	166.67
	57.87
	55.97
	63.00
	377.40

	T5
	B+Zn @ 0.3+0%
	3.43
	3.20
	3.22
	215.67
	111.67
	51.66
	31.83
	35.82
	316.00

	T6
	B+Zn @ 0.6+0%
	3.40
	3.12
	3.21
	210.00
	102.67
	48.72
	32.14
	36.16
	352.53

	T7
	B+Zn @ 0+0.3%
	3.49
	3.19
	3.23
	205.67
	102.00
	49.59
	32.20
	36.23
	355.60

	T8
	B+Zn @ 0+0.6%
	3.55
	3.14
	3.19
	224.67
	112.33
	49.99
	34.05
	38.31
	340.00

	Mean
	
	3.51
	3.15
	3.20
	223.19
	112.04
	49.72
	34.47
	38.78
	341.59

	SEm
	
	0.07
	0.11
	0.05
	10.01
	4.45
	2.27
	2.09
	2.35
	16.11

	CD0.05
	
	0.14
	0.24
	0.10
	21.23
	9.43
	4.82
	4.44
	4.99
	34.16


�


�The interpretation of the results is enhanced by sources on the role of boron in improving the pollination and fertilization process.







