


Evaluation of some guava (Psidium guajava L.) cultivars and hybrids for growth and yield characters
Abstract
The present investigation was carried out at Regional Horticultural Research and Training Station, Dhaulakuan, Sirmour, Himachal Pradesh, India during 2016-17 and 2017-18 with an objective to study the morphological characters of nine guava cultivars and hybrids for proper selection of cultivars for cultivation. The pooled data reveals that maximum tree height (5.57 m), trunk girth (53.27 cm) and tree volume (73.66 m3) was found in Allahabad Safeda. Whereas, the maximum tree spread in North-South (4.7 m) and East-West (5.69 m) direction was observed in CISH-G-4. Among all the cultivars and hybrids, Lalit was found superior in yield characters with maximum fruit weight (171.71 g), yield (16.45 kg tree-1) and minimum yield efficiency (7.43 g cm-2 TCSA). In conclusion, among nine cultivars and hybrids evaluated, Allahabad Safeda and Lalit were found superior in growth and yield characters, respectively.	Comment by hp: Revealed 
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Introduction
Guava (Psidium guajava L.), often referred to as the “Apple of Tropics” (Gayathri and Kiruba, 2014; Khan et al., 2018; Gangappa et al., 2022), is a crucial fruit crop cultivated across tropical (Srivastava et al., 2002) and subtropical regions (Webber, 1944; Jamil et al., 2011; Patel et al., 2011; Dinesh and Reddy, 2012; Dolkar et al., 2017). Belonging to the Myrtaceae family (Sonkar et al., 2019; Vignesh and Chandrasekaran, 2020; Nair et al., 2021), it is a diploid species with a chromosome number of 2n=22 (Mehmood et al., 2013). In India, guava holds significant commercial importance, ranking as the fourth most produced fruit in terms of area and yield, following mango, banana and citrus (Sethi et al., 2005; Dhara et al., 2017; Kumar and Rawat, 2018; Kadam et al., 2012; Asim et al., 2022). Its origins trace back to Tropical America (Menzel, 1985; Mohamed-Yasseen et al., 1995; Rajan and Hudedamani, 2019), where it naturally occurs in the wild.	Comment by hp: It should be in italic font

Nutritionally, guava is highly valued for its abundant Vitamin C content (approximately 260 mg/100 g of fruit) (Lim et al., 2006; Hossen et al., 2009), alongside carbohydrates, fiber and protein. Its versatility allows for consumption as fresh fruit or processing into various products like juice, jam, jelly and beverages. Historical accounts indicate its introduction to India as early as the 17th century (Prakash et al., 2002; Dinesh and Vasugi, 2010; Ahir et al., 2023). Optimal growth conditions for guava include annual rainfall between 100-200 cm and temperatures ranging from 23 °C to 26 °C.	Comment by hp: Along with 

Consumer acceptance of guava is largely determined by fruit quality, which is influenced by plant genetics, environmental factors and cultivation methods. Global research efforts in countries such as Pakistan (Mehmood et al., 2014), Malaysia (Yusof, 1989), Taiwan (Thaipong and Boonprakob, 2005), Mexico (Mondragon-Jacobo et al., 2008) and the U.S. (Wilson, 1980) have extensively investigated the diversity of fruit quality across various guava accessions and cultivars.

In India, guava cultivation spans approximately 346,790 hectares (ha), yielding an annual production of 5,273,640 metric tonnes (MT) with a productivity of 15.21 MT/ha (Anonymous, 2023). Specifically in Himachal Pradesh, 2,940 hectares are dedicated to guava, producing 3,330 metric tonnes at a productivity of 1.13 MT/ha (Anonymous, 2023). Given the favorable conditions in the lower hills of Himachal Pradesh, particularly in response to changing climate patterns, this region is considered highly suitable for cultivation. Consequently, the present study aims to evaluate the growth and yield performance of different guava cultivars and hybrids under the subtropical climate of Himachal Pradesh, India.
Material and method
To assess the horticultural performance of various guava cultivars and hybrids, a comprehensive evaluation was conducted over two consecutive years, 2016-17 and 2017-18. The study specifically focused on nine distinct guava cultivars and hybrids: Punjab Hybrid-1 (H-1), Punjab Hybrid-2 (H-2), CISH-G-1, Lalit (CISH-G-3), Allahabad Safeda, CISH-G-4 (Shweta), Lucknow-49 (Sardar), Hisar Safeda and Hisar Surkha. To ensure experimental uniformity and comparability of results, all selected trees were of a consistent age, precisely eight years old at the initiation of the trial. The experimental location was at Regional Horticultural Research and Training Station, Dhaulakuan, Sirmour, Himachal Pradesh. The plants were cultivated at a uniform spacing of 5 x 5 meters and arranged according to a Randomized Block Design, a methodology chosen to minimize experimental variability. The research site is geographically situated within the subtropical, sub-montane and low hill agro-climatic zone of Himachal Pradesh, specifically at 35.5° North latitude and 77.5° East longitude, at an elevation of 468 meters above mean sea level. Throughout the study period, various tree growth parameters were meticulously recorded. These included tree height, measured from the ground level to the highest point and trunk girth, measured consistently at 15 cm above ground level using a standard measuring tape. Additionally, tree spread was assessed by measuring both the North-South and East-West dimensions. The overall volume of the tree canopy, a key indicator of vegetative growth, was subsequently calculated employing the established formula provided by Westwood (1978). Regarding yield attributes, fruit size data was collected by weighing five randomly selected fruits per tree on an electronic top pan balance, with the average fruit weight expressed in grams per fruit (g fruit-1). At the time of harvest, the total fruit yield for each experimental tree was determined by weighing all retained fruits, with results expressed in kilograms per tree (kg tree-1). Furthermore, the yield efficiency of each cultivar and hybrid was computed using the methodology proposed by Westwood (1978), presented as grams per square centimeter of trunk cross-sectional area (g cm-2 TCSA). All collected data underwent statistical analysis at a significance level of P≤0.05, as outlined by Gomez and Gomez (1984).
Result and Discussion 
Analysis of the growth and yield attributes (Table 1) revealed notable variations among the tested guava cultivars and hybrids. Regarding vegetative growth, Allahabad Safeda consistently demonstrated superior performance, recording the greatest tree height (5.57 m), trunk girth (53.27 cm) and subsequently, the largest tree volume (73.66 m³). In contrast, Hisar Safeda exhibited the most compact growth, with the minimal tree height (3.80 m) and tree volume (28.40 m³), while Punjab Hybrid-2 registered the smallest trunk girth (41.10 cm). Furthermore, CISH-G-4 displayed the most extensive canopy spread, both along the North-South (4.78 m) and East-West (5.69 m) axes, indicating a broad and vigorous growth habit. Conversely, Hisar Safeda again showed the most restricted spread, measuring 3.65 m (N-S) and 3.98 m (E-W). These findings align with prior research, such as that by Dolkar et al. (2014), who similarly reported substantial tree height (4.90 m), tree volume (169.25 m³) and considerable stock and scion girths (83.00 cm and 79.76 cm, respectively) in other guava studies. Comparable observations on growth variations have also been documented by earlier researchers including Patel et al. (2011) and Kumari et al. (2016). The observed differences in growth parameters among the various cultivars and hybrids are likely multifaceted, attributable to inherent genotypic variations, the specific plantation site's environmental conditions, applied management practices and the age of the plants.
Beyond vegetative growth, significant differences were also noted in fruit characteristics and yield. Lalit emerged as the cultivar producing the heaviest individual fruits (171.71 g). This was closely followed by Lucknow-49 (164.44 g), Allahabad Safeda (161.91 g) and Hisar Safeda (157.90 g). Conversely, CISH-G-1 produced the lightest fruits, averaging only 103.59 g. This aligns with previous studies, where Dolkar et al. (2014) reported Lucknow-49 as having a maximum fruit weight of 133.04 g. In terms of overall productivity, Lalit also recorded the highest fruit yield per tree (16.45 kg), although it presented the minimum yield efficiency (7.43 g cm-² TCSA), suggesting a lower efficiency in converting trunk cross-sectional area into yield. The lowest fruit yield was observed in Hisar Surkha (12.09 kg tree-¹), while CISH-G-4 showed the minimum yield efficiency (10.41 g cm-² TCSA). This yield range broadly corresponds with findings by Meena et al. (2013), who reported guava yields ranging from 5.93 kg to 14.91 kg per plant. The considerable variations in yield characteristics among cultivars are well-documented in existing literature, as evidenced by studies from Deshmukh et al. (2013), Jana et al. (2015), Dubey et al. (2016), Gupta et al. (2016), Kumari et al. (2016) and Sahoo et al. (2017). Such variability in yield per plant is likely influenced by factors including individual fruit weight, underlying genetic diversity, the cultivar's adaptability to specific climatic conditions and its inherent physiological traits. These distinctions are critical, serving as diagnostic characters for effective germplasm selection suited to particular regional conditions. 
Conclusion: 
This investigation revealed notable variability in performance across the various guava cultivars and hybrids examined. Based on the comprehensive data collected, the cultivar Allahabad Safeda consistently demonstrated superiority in the majority of growth parameters assessed. These parameters encompassed crucial aspects of plant development and vigor. Conversely, the cultivar Lalit emerged as a significantly higher-yielding option when compared to the other cultivars and hybrids included in this study. This robust yield performance positions Lalit as a highly promising candidate. Therefore, it is concluded that Lalit is particularly well-suited for successful cultivation within the sub-tropical regions of Himachal Pradesh, offering a substantial advantage in terms of fruit production for growers in the area. These findings underscore the importance of cultivar selection for optimizing horticultural outcomes in specific regional climates.
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Table 1. Growth and yield characters of some guava cultivars and hybrids	
	Cultivars/Hybrids
	Tree height (m)
	Trunk girth (cm)
	Tree volume (m3)
	Tree spread (m)
	Fruit weight (g)
	Yield (kg/tree)
	Yield efficiency (g/ cm2 TCSA)*

	
	
	
	
	N-S
	E-W
	
	
	

	Punjab Hybrid-1 (H-1)
	4.14
	44.34
	44.39
	4.40
	5.31
	110.75
	13.18
	8.64

	Punjab Hybrid-2 (H-2)
	4.93
	41.10
	60.99
	4.44
	5.26
	105.88
	12.52
	9.68

	CISH-G-1
	5.49
	42.90
	70.82
	4.48
	5.40
	103.29
	10.98
	7.66

	Lalit (CISH-G-3)
	5.15
	44.83
	56.85
	4.15
	4.98
	171.71
	16.45
	7.43

	Allahabad Safeda
	5.57
	53.27
	73.66
	4.46
	5.50
	161.91
	14.77
	9.86

	CISH-G-4 (Shweta)
	4.20
	43.07
	48.89
	4.78
	5.69
	139.24
	13.84
	10.41

	Lucknow-49 (Sardar)
	5.12
	50.68
	64.20
	4.74
	5.20
	164.44
	15.48
	7.85

	Hisar Safeda
	3.80
	44.34
	28.40
	3.65
	3.98
	157.90
	14.39
	9.41

	Hisar Surkha
	4.19
	44.13
	44.12
	4.29
	5.19
	105.18
	12.09
	8.14

	Mean
	4.73
	45.41
	54.70
	4.38
	5.17
	135.59
	13.75
	8.79

	CD0.05
	0.54
	5.724
	11.85
	0.24
	0.27
	29.56
	1.00
	2.87


*TCSA- trunk cross sectional area



