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ABSTRACT
This study was conducted during 2019–2020 in the Department of Fruit Science at Dr. YSP University of Horticulture and Forestry, Nauni, Solan (HP), India, with the objective of assessing the shooting ability and survival rate of hardwood and semi-hardwood cuttings in various exotic kiwifruit (Actinidia spp.) cultivars. A Randomized Block Design (RBD) with three replications was employed to evaluate the rooting response across eight cultivars: 74-49, Anna, Chung Bai, Cordifolia, Issai Kiwi, Kens Red, Meader Male, and MSU Klur, with 30 cuttings per cultivar. Hardwood cuttings were collected in mid-January, while semi-hardwood cuttings were obtained in mid-July. Among the tested varieties, Kens Red displayed superior leaf characteristic and per cent rooted cuttings. Among different cultivars, Kens Red showed best performance in term of leaf characteristics, longest root per cutting and per cent rooted cuttings. Hardwood cuttings of different cultivars performed better as compared to semi-hardwood cuttings with respect to parameters like average leaf area, number of leaves per cutting and longest root. Among different cutting types, semi-hardwood cuttings of different cultivars performed better as compared to hardwood cuttings with respect to parameters like per cent rooted cuttings. The information generated on the propagation of these new exotic kiwifruit cultivars will serve as a basis for the researchers in developing new rootstocks for production of quality plants.
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INTRODUCTION
The Chinese gooseberry or kiwifruit belongs to the genus Actinidia and family Actinidiaceae. It is a deciduous, dioecious and perennial fruiting vine native to Southern China (Ferguson, 1984). The kiwifruit, a commercial potential fruit, has been widely accepted because of its unique flavour, high vitamin-C content, dietary fiber, mineral nutrients like potassium, phosphorus, calcium and beneficial effects on human health. The total kiwifruit production in the world is 4.03 million metric tonnes in an area of 2.78 lakh ha (Anonymous, 2018). It is cultivated on large scale in China, Italy, New Zealand and Chile. The area under kiwifruit cultivation in India is 4,000 ha and total production is 12,000 metric tonnes (Anonymous, 2017). At present, Arunachal Pradesh is the leading kiwifruit producing state in the country. Besides this, it is also cultivated in Himachal Pradesh, Jammu and Kashmir, Nagaland, Sikkim, Meghalaya and Manipur. In Himachal Pradesh, it is cultivated in an area of 182 ha. with annual production of 225 metric tonnes (Anonymous, 2019). The mid-hills and valley areas of Himachal Pradesh representing Solan, Shimla, Sirmour and Kullu districts are ideally suited for kiwifruit cultivation.
The kiwifruit industry has largely been dominated by Actinidia deliciosa ‘Hayward’, owing to its desirable attributes such as large fruit size, firm texture, and a relatively high total soluble solids (TSS) content ranging between 12% and 14%. However, the hairy skin of the ‘Hayward’ kiwifruit has been a significant deterrent for some consumers, leading to efforts to develop cultivars without this trait (Ferguson & Bollard, 1990). An alternative to ‘Hayward’ is Actinidia arguta, often called the “peewee kiwi” or “baby kiwi,” which produces small, grape-sized fruit with smooth, hairless skin, making it more appealing to consumers who prefer easy-to-eat fruit. While the fruit size of A. arguta is smaller, ranging from 5 to 8 grams, it offers an impressive TSS content of 17–18%, making it sweeter and more flavorful than ‘Hayward’ (Cho et al., 2007). Beyond its culinary appeal, A. arguta also has medicinal value, as its fruit and leaves are reported to possess antipyretic, astringent, tonic, thirst-quenching, and insecticidal properties, providing additional incentives for its cultivation (Ivanek, 2006).
In addition to the standard A. deliciosa, attempts have been made to crossbreed this cultivar with A. arguta to develop new kiwifruit varieties that combine the best characteristics of both, such as smooth skin and desirable fruit size. However, these hybridization efforts have had limited success in producing hairless cultivars with green skin, and ‘Hayward’ remains the most widely cultivated variety (Cho et al., 2007). A significant challenge facing the expansion of kiwifruit cultivation in countries like India is the limited availability of high-quality planting material. To address this, there is a pressing need to develop efficient methods for producing quality planting stock.
While various propagation techniques such as grafting, layering, budding, and tissue culture are used for kiwifruit, these methods can be costly, labor-intensive, and require specialized skills and equipment. Tissue culture, for instance, though effective for mass propagation, involves complex procedures and high costs, making it less accessible to many growers. In contrast, propagation through stem cuttings is more cost-effective, faster, and simpler. It also requires less space and skill, which makes it a viable alternative for small-scale and large-scale growers alike. The success of propagation through stem cuttings depends on several factors, including the age, health, and physiological condition of the mother plant, the timing of cutting collection, environmental conditions (such as temperature, humidity, and rainfall), and the use of growth regulators (Frey et al., 2006).
By optimizing these factors, growers can increase rooting success, reduce costs, and ensure the availability of high-quality kiwifruit plants for commercial cultivation. The continued development of efficient propagation techniques is key to expanding kiwifruit production and meeting the increasing global demand for this nutritious and marketable fruit.
Propagation of kiwifruit through cuttings, especially when combined with the application of plant growth regulators (PGRs), is a widely practiced and effective method for producing uniform and true-to-type plants (Polat & Kamiloglu, 2007). Among the various PGRs, auxins are particularly crucial, as they significantly influence root initiation, elongation, and overall rooting success. Although auxins such as indole-3-acetic acid (IAA) are naturally synthesized in young shoot tips and developing leaves, the application of synthetic auxins like indole-3-butyric acid (IBA) or naphthalene acetic acid (NAA) is often necessary to promote consistent and enhanced rooting, especially under controlled propagation conditions. Synthetic auxins are more stable than natural ones, being less prone to breakdown by catabolic enzymes, which allows for prolonged activity at the rooting site (Stefanic & Vodnik, 2007).
Research has demonstrated that hardwood cuttings of certain kiwifruit cultivars, such as 'Allison' and 'Abbott', showed significantly higher rooting percentages and root numbers when treated with 4000 ppm IBA (Rana et al., 2004). In contrast, semi-hardwood leafy cuttings, typically collected from the apical and central portions of the current season’s growth during late spring or mid-summer, also respond positively to IBA treatments and are generally propagated under mist chambers to maintain optimal humidity levels.
Singh et al. (2008) found that a 4000 ppm concentration of IBA yielded the best rooting response in semi-hardwood cuttings, reinforcing the effectiveness of this treatment level across different cutting types. In general, semi-hardwood cuttings tend to root more successfully than hardwood cuttings, which are often attributed to the higher concentrations of endogenous auxins present in the younger, more actively growing tissues. Furthermore, the physiological state of the cutting such as carbohydrate reserves, lignification level, and moisture content also plays a vital role in rooting performance (Hartmann et al., 1983). Proper timing of cutting collection, environmental control during propagation, and appropriate hormonal treatments are therefore critical for maximizing rooting success in kiwifruit propagation.

MATERIAL AND METHODS
The present study, titled “Evaluation of hardwood and semi-hardwood cuttings for shooting performance in exotic cultivars of Kiwifruit (Actinidia spp.)”, was conducted during the 2019–2020 growing season at the kiwifruit research block of the Department of Fruit Science, Dr. YSP University of Horticulture and Forestry, Nauni, Solan (Himachal Pradesh). The experimental site is situated at an elevation of 1260 meters above mean sea level, with geographical coordinates of 30°50’ N latitude and 77°11’30” E longitude, and receives an annual rainfall of approximately 10–15 cm.
The study utilized hardwood and semi-hardwood cuttings obtained from three-year-old vines of eight exotic kiwifruit cultivars namely 74-49, Anna, Chung Bai, Cordifolia, Issai Kiwi, Kens Red, Meader Male, and MSU Klur originally imported from the United States under the RKVY project in 2017. Hardwood cuttings were collected in mid-January, while semi-hardwood cuttings were taken in mid-July.
Each cultivar was evaluated using a randomized block design (RBD) with three replications. For each replication, 30 cuttings per cultivar were planted on nursery beds at a spacing of 10 cm × 10 cm. To assess leaf development, five fully expanded leaves were randomly collected from the shoot portion of each cutting, and their area was measured using a Leaf Area Meter (LI-COR Model-3100), with results expressed in square centimeters (cm²). The number of leaves per cutting was recorded in October, counting all leaves regardless of size, and an average was calculated for each treatment. Root development was assessed by measuring the length of the longest primary root per cutting using a measuring tape, with values expressed in centimetres (cm). Rooting success was evaluated by counting the number of rooted cuttings after uprooting from the shade net house. The percentage of rooted cuttings was calculated using the formula:
                       			Number of rooted cuttings  100
Per cent rooted cuttings = 
Total number of cuttings
RESULTS AND DISCUSSION 
Average Leaf Area 
The data pertaining to the average leaf area of rooted cuttings of kiwifruit as influenced by different cultivars are presented in Table 1. The values for average leaf area of rooted cuttings ranged from 25.52 cm2 to 53.10 cm2 and 12.40 cm2 to 39.77 cm2 in hardwood cuttings and semi-hardwood cuttings, respectively. In hardwood cuttings, the highest (53.10 cm2) leaf area was obtained with the cultivar Kens Red, which was followed by Chung Bai, Meader Male, 74-49, MSU Klur, Cordifolia, Issai Kiwi and Anna. In case of semi-hardwood cuttings, the highest average leaf area per cuttings (39.77 cm2) was also recorded with Kens Red which was statistically at par with Meader Male (35.37 cm2). The cultivars Chung Bai, 74-49, Cordifolia, MSU Klur, Issai Kiwi were at bar with each other with respect to leaf area and the lowest leaf area was recorded in Anna (12.40 cm2) cultivar. Overall, the average leaf area of Kens Red cultivar was found to be significantly superior than all other cultivars understudy. The highest leaf area recorded in this cultivar might be related to a greater number of lateral shoots and shoot length. It may also be the consequence of better root system which plays an active role in the development of leaves on such cuttings by facilitating the supply of water and nutrients from the soil as also indicated by Pratima and Rana, (2011) in kiwifruit. Similarly, Baghel and Sarawat (1989), reported that the leaf characteristics were found to be best in hardwood cuttings of pomegranate planted in mid-January.
Number of leaves per cutting
As presented in Table 1, the number of leaves per cutting ranged from 35.93 to 79.27 in hardwood cuttings and from 9.63 to 24.78 in semi-hardwood cuttings. Among the hardwood treatments, the cultivar 'Kens Red' recorded the highest leaf count (79.27), followed in descending order by 'Chung Bai', 'Meader Male', '74-49', 'MSU Klur', 'Cordifolia', 'Issai Kiwi', and 'Anna'. A similar trend was observed in semi-hardwood cuttings, where 'Kens Red' again produced the highest number of leaves (24.78), while 'Anna' recorded the lowest (9.63). Overall, 'Kens Red' significantly outperformed all other cultivars in terms of leaf production under both cutting types. This superior performance may be attributed to enhanced shoot development, including a greater number of lateral branches and increased shoot length. Additionally, a more vigorous root system may have supported improved nutrient and water uptake, promoting healthier foliage. These findings are consistent with previous reports by Pratima and Rana (2011) in kiwifruit, which emphasized the influence of cutting thickness and internal carbohydrate reserves on vegetative growth. Similar results were also observed by Baghel and Sarawat (1989) also reported best results for the leaf characteristics in terms of number of leaves per cutting in hardwood cuttings of pomegranate planted in mid-January. 
Table 1: Average leaf area and number of leaves per cutting in different cuttings of exotic kiwifruit cultivars
	Cultivar
	Average leaf area (cm2)
	Number of leaves per cutting

	
	Hardwood cutting
	Semi-hardwood cutting
	Hardwood cutting
	Semi-hardwood cutting

	Anna
	25.52
	12.40
	35.93
	9.63

	Chung Bai
	42.12
	30.60
	60.89
	16.56

	Cordifolia
	35.67
	25.24
	54.53
	14.05

	Issai Kiwi
	29.93
	22.68
	47.14
	11.62

	Kens Red
	53.10
	39.77
	79.27
	24.78

	Meader Male
	40.48
	35.37
	57.77
	18.50

	MSU Klur
	36.82
	24.48
	55.41
	13.04

	74-49
	38.49
	29.47
	56.58
	15.36

	CD0.05
	5.76
	5.76
	4.77
	4.73



3.3 Longest Root per Cutting
The data presented in Table 2 indicate that the longest root length per cutting varied significantly between cultivars and cutting types. In hardwood cuttings, the longest root length ranged from 20.79 cm to 35.25 cm, while in semi-hardwood cuttings, it ranged from 5.66 cm to 12.12 cm. For hardwood cuttings, the cultivar Kens Red exhibited the longest root length (35.25 cm), which was statistically comparable to Chung Bai (33.80 cm) and Meader Male (32.44 cm). The cultivars MSU Klur (27.74 cm), Cordifolia (24.97 cm), Issai Kiwi (23.19 cm), and Anna (20.79 cm) demonstrated similar root lengths, but all were significantly shorter than those of the top three cultivars. In the case of semi-hardwood cuttings, Kens Red again recorded the longest root length (12.12 cm), followed by Meader Male (11.25 cm) and Chung Bai (10.18 cm). The root lengths of 74-49 (9.04 cm), Cordifolia (8.42 cm), MSU Klur (7.45 cm), Issai Kiwi (6.53 cm), and Anna (5.66 cm) were statistically similar to each other, but shorter than those of the top cultivars. These results clearly demonstrate that Kens Red was the best performing cultivar in terms of root length, whereas Anna showed the least development in this regard. Similar findings were reported by Beyl et al. (1995), who indicated that cultivar significantly influences the length of the longest root. The observed differences between hardwood and semi-hardwood cuttings may be attributed to the physiological characteristics of the cuttings. Hardwood cuttings, being more mature and having thicker stems, generally possess higher internal food reserves, which can support the growth of longer roots. Conversely, semi-hardwood cuttings, which are collected earlier in the growing season, have less time to develop extensive root systems, which might explain their shorter root lengths. These findings align with the observations of Ivanek (2006), who reported maximum root lengths in hardwood cuttings taken in late winter. The results are also consistent with Baghel and Sarawat (1989), who found that thicker and more mature cuttings often produce longer roots, emphasizing the importance of cutting maturity in rooting success.
3.4 Per cent Rooted Cuttings
The rooting success of kiwifruit cuttings varied significantly across different cultivars and cutting types, as presented in Table 2. In hardwood cuttings, the rooting percentage ranged from 50.33% to 71.18%, while in semi-hardwood cuttings, it ranged from 64.10% to 90.66%. Among the hardwood cuttings, the highest rooting percentage was recorded in the cultivar ‘Kens Red’ (71.18%), followed by ‘Chung Bai’ (67.22%), ‘Meader Male’ (65.66%), ‘74-49’ (61.77%), ‘MSU Klur’ (60.44%), ‘Cordifolia’ (57.00%), ‘Issai Kiwi’ (53.44%), and the lowest in ‘Anna’ (50.33%).
In semi-hardwood cuttings, ‘Kens Red’ again showed the best performance, achieving the highest rooting percentage of 90.66%. This was followed by ‘Meader Male’ (83.32%), ‘Chung Bai’ (79.44%), ‘74-49’ (78.21%), ‘Cordifolia’ (74.77%), ‘MSU Klur’ (74.33%), ‘Issai Kiwi’ (69.22%), and ‘Anna’ (64.10%). Overall, ‘Kens Red’ consistently outperformed all other cultivars in both cutting types, while ‘Anna’ showed the lowest rooting success.
The superior performance of ‘Kens Red’ may be attributed to favorable genetic traits, a stronger physiological condition, and well-developed internal reserves, which support early root initiation and development. In contrast, the lower rooting observed in ‘Anna’ could be due to inherent genetic limitations and possible anatomical or physiological constraints that hinder effective root formation. These results align with earlier findings by Bartolini and Roselli (1979) and Bartolini et al. (1982), who observed variation in rooting potential among plum cultivars. Beyl et al. (1995) also reported significant cultivar-based differences in rooting characteristics including root number, quality, and length in 13 kiwifruit cultivars. Similarly, Rana et al. (1999) found notable differences in rooting success among kiwifruit cultivars, with the ‘Monty’ cultivar outperforming others. Goswami (1995) also highlighted the strong influence of cultivar on rooting behavior. Furthermore, the generally higher rooting percentages observed in semi-hardwood cuttings compared to hardwood cuttings corroborate findings by Lawes and Sim (1980) and Valenta (1996), who reported increased rooting efficiency in cuttings taken during the summer. This may be attributed to better environmental conditions and higher endogenous auxins levels present in younger, actively growing tissues during the semi-hardwood stage. The higher rooting success observed in semi-hardwood cuttings may be attributed to the presence of higher levels of endogenous auxins in the tender, actively growing tissues. As Hartmann et al. (1983) noted, these young tissues, particularly in semi-hardwood cuttings, are more conducive to rooting due to the increased auxins content. This is further supported by Went (1938), who found that the presence of leaves on cuttings at the time of planting plays a crucial role in promoting rooting. Leaves not only supply essential nutrients but also release specific root-inducing substances during the process of rhizogenesis, thereby enhancing rooting percentage.
Table 2: Longest root and Per cent rooted cuttings in different cuttings of exotic kiwifruit cultivars
	Cultivar
	Longest Root (cm)
	Per cent rooted cuttings

	
	Hardwood cutting
	Semi-hardwood cutting
	Hardwood cutting
	Semi-hardwood cutting

	Anna
	20.79
	5.66
	50.33
(45.13)
	64.10
(53.17)*

	Chung Bai
	33.80
	10.18
	67.22
(55.05)
	79.44
(63.10)

	Cordifolia
	24.97
	8.42
	57.00
(49.95)
	74.77
(59.83)

	Issai Kiwi
	23.19
	6.53
	53.44
(46.95)
	69.22
(53.28)

	Kens Red
	35.25
	12.12
	71.18
(57.51)
	90.66
(72.27)

	Meader Male
	32.44
	11.25
	65.66
(54.10)
	83.32
(65.87)

	MSU Klur
	27.74
	7.45
	60.44
(51.09)
	74.33
(59.55)

	74-49
	29.88
	9.04
	61.77
(51.79)
	78.21
(62.16)

	CD0.05
	3.62
	3.24
	1.09
	2.02


*Figures in parentheses are angular transformed values **Least significant difference
CONCLUSION
Based on the data analysis from this study, it can be concluded that the cultivar Kens Red demonstrated the most favorable performance, followed by Chung Bai, Meader Male, 74-49, MSU Klur, Cordifolia, Issai Kiwi, and Anna. Kens Red stood out particularly for its superior leaf traits, whereas Anna showed the least promising results across the evaluated parameters. In terms of cutting types, hardwood cuttings of different cultivars performed better as compared to semi-hardwood cuttings with respect to parameters like average leaf area, number of leaves per cutting and longest root. Among different cutting types, semi-hardwood cuttings of different cultivars performed better as compared to hardwood cuttings with respect to parameters like per cent rooted cuttings. The findings from this investigation provide valuable guidance for future research focused on developing effective propagation methods and suitable rootstocks for the cultivation of high-quality exotic kiwifruit plants.
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