


Influence of various levels of IBA and NAA on shoot development and survival of stem cuttings in Dragon fruit 
ABSTRACT
Dragon fruit (Hylocereus costaricensis) is a high-value, drought-tolerant cactus fruit whose commercial expansion in India is presently constrained by the poor and inconsistent availability of quality planting material. Since the crop is propagated almost entirely through stem cuttings, a field-cum-nursery experiment was conducted during 2025–26 at the Department of Fruit Science, College of Horticulture, C.S. Azad University of Agriculture and Technology, Kanpur (U.P.), to determine a reliable auxin schedule for rooting. Thirteen treatments, comprising three levels each of Indole-3-butyric acid (IBA at 1000, 2000 and 3000 ppm) and Naphthalene acetic acid (NAA at 100, 200 and 300 ppm), six IBA × NAA combinations, and an untreated control, were laid out in a Randomised Block Design with three replications. Cuttings treated with IBA at 3000 ppm consistently gave the quickest and most vigorous response, with root initiation in 16.53 days and sprouting in 9.39 days, compared with 22.90 and 17.33 days, respectively, in the control. The same treatment produced the highest rooting (53.20% at 60 days after planting), the longest roots (20.13 cm) and greatest root number (40.95) at 90 days, the tallest shoots (14.20 cm), and the best survival of rooted cuttings (90.12%), and remained statistically on par with IBA at 2000 and 1000 ppm across most parameters. NAA alone was distinctly less effective than IBA, and the IBA + NAA combinations did not improve upon IBA used alone. On the basis of these results, a quick-dip treatment with IBA at 3000 ppm (or, where cost is a constraint, 1000–2000 ppm) can be recommended for the commercial nursery propagation of dragon fruit through stem cuttings.
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1. INTRODUCTION
Dragon fruit, botanically placed under Hylocereus costaricensis of the family Cactaceae, is a fast-growing, epiphytic vine cactus native to the tropical and subtropical forests of Mexico and Central and South America (Mizrahi & Nerd, 1996). Its genus name, itself descriptive of hylos, Greek for "forest", points to its native habitat, while cereus refers to the waxy cuticle on its stems that helps it conserve moisture and endure drought. The crop has since spread well beyond its home range and is now grown commercially in more than 20 countries across Asia, Australia, the Americas, and the Middle East. Vietnam, China, and Indonesia together account for roughly 93% of global production, and India's share, despite the crop being introduced here in the late 1990s, remains under 1% (Karunakaran et al., 2019). Even so, cultivation in the country has grown steadily, spreading from a handful of southern and western states to Rajasthan, Punjab, Haryana, Madhya Pradesh, Uttar Pradesh, and parts of the North-East, and now covers an estimated 3,000–4,000 hectares (Wakchaure et al., 2020). Much of this interest is driven by the fruit's nutritional profile—it is low in calories yet rich in vitamin C, calcium, phosphorus, iron, and dietary fibre (Jalgaonkar et al., 2022)—and by the plant's own resilience: its CAM photosynthesis and waxy stem surface allow it to tolerate temperatures up to 38–40°C and rainfall as low as 500 mm a year (Cabahug et al., 2018).
Two features make dragon fruit attractive to growers everywhere. First, it is a heavy, high-value bearer once established. Second, unlike many tree fruits, it is propagated almost entirely by stem cuttings rather than by seed, since seedlings are slow, variable and take several years to fruit. In contrast, cuttings taken from a good mother plant come true to type and can flower within 12–18 months of planting. This makes vegetative propagation the backbone of commercial dragon fruit nurseries, but it also means that the pace at which growers can multiply planting material depends entirely on how reliably those cuttings root.
Rooting from a cutting is not automatic; it depends on the interplay between endogenous and applied auxins and the carbohydrate and cofactor reserves stored in the tissue (Hartmann & Kester, 1983). Indole-3-butyric acid (IBA) and naphthalene acetic acid (NAA) are the two auxins most commonly used to promote this process in fruit crops, and both have been tested on dragon fruit with encouraging but scattered results; optimum concentrations reported in the literature range from as low as 100 ppm to as high as 8000 ppm, depending on cultivar, cutting size, and growing conditions (Seran & Thiresh, 2015; Ahmad et al., 2016). Recent dragon fruit studies indicate that propagation responses to IBA can vary with concentration, cutting characteristics, planting time, and nursery conditions, supporting the need for location-specific validation of auxin protocols (Pandey et al., 2022; Singh et al., 2025; Chettri et al., 2026; Keerthika et al., 2026). Because dragon fruit is still a relatively new crop under Indian conditions, a locally standardised auxin protocol is not yet well established, and this is the gap that the present study set out to address. Specifically, the investigation was carried out with the following objectives: (i) to study the effect of different concentrations of IBA on rooting and shoot development of dragon fruit stem cuttings; (ii) to study the effect of different concentrations of NAA on the same parameters; and (iii) to assess whether combining IBA and NAA offers any advantage over either auxin used alone.
2. MATERIALS AND METHODS
2.1 Experimental site and duration
The experiment was conducted during 2025–26 in a low-cost nursery at the Department of Fruit Science, College of Horticulture, Chandra Shekhar Azad University of Agriculture and Technology (CSAUAandT), Kanpur, Uttar Pradesh. The site lies in the central Indo-Gangetic alluvial plain (25°26′-26°28′ N, 79°31′-80°34′ E) at an elevation of 125.9 m above mean sea level, within a subtropical belt characterised by hot, dry summers and cool winters, annual rainfall of 750–1000 mm, and relative humidity ranging from 22% to 94% throughout the year. Assured irrigation was available from a tube well.
2.2 Planting material and treatments
One-year-old stem segments bearing 4–5 nodes were collected in July from healthy mother plants of the pink-flesh selection of Hylocereus costaricensis growing in a four-year-old block maintained by the Department. The cuttings were cut to length, given a slanted basal cut to maximise the absorbing surface, surface-sterilised in 0.1% Carbendazim solution for 30 minutes, and shade-dried for one day to allow the cut surface to callus and the latex to dry before treatment. The basal 2–3 cm of each cutting was then quick-dipped for two minutes in one of thirteen treatment solutions (Table 1) and allowed to air-dry in the shade for 15 minutes before planting.



Table 1. Treatment details used in the study
	Treatment and Notations
	Growth regulator (s) and concentration

	T1-IBA 1000 ppm
	Indole-3-butyric acid @ 1000 ppm

	T2-IBA 2000 ppm
	Indole-3-butyric acid @ 2000 ppm

	T3-IBA 3000 ppm
	Indole-3-butyric acid @ 3000 ppm

	T4-NAA 100 ppm
	Naphthalene acetic acid @ 100 ppm

	T5-NAA 200 ppm
	Naphthalene acetic acid @ 200 ppm

	T6-NAA 300 ppm
	Naphthalene acetic acid @ 300 ppm

	T7-IBA 1000 + NAA 100 ppm
	IBA @ 1000 ppm + NAA @ 100 ppm

	T8-IBA 2000 + NAA 200 ppm
	IBA @ 2000 ppm + NAA @ 200 ppm

	T9-IBA 3000 + NAA 300 ppm
	IBA @ 3000 ppm + NAA @ 300 ppm

	T10-IBA 2000 + NAA 100 ppm
	IBA @ 2000 ppm + NAA @ 100 ppm

	T11-IBA 2000 + NAA 200 ppm
	IBA @ 2000 ppm + NAA @ 200 ppm

	T12-IBA 3000 + NAA 300 ppm
	IBA @ 3000 ppm + NAA @ 300 ppm

	T13-Control
	Dipped in distilled water only


IBA solutions (1000, 2000, and 3000 ppm) were prepared by dissolving the required quantity in a small volume of 0.2N NaOH and making up the volume with distilled water; NAA solutions (100, 200, and 300 ppm) were prepared in the same way. Control cuttings were dipped in distilled water alone.
2.3 Experimental design and layout
The thirteen treatments were laid out in a Randomised Block Design with three replications, giving a total of 390 cuttings. Treated cuttings were planted in 15 × 22 cm, 300-gauge polythene bags filled with a potting mixture of soil, farmyard manure, and sand in a 2:1:1 ratio, amended with carbendazim as a prophylactic against fungal rot, and maintained under partial shade with regular weeding, watering, and a fortnightly carbendazim drench.
2.4 Observations recorded
Root parameters, including days to root initiation, per cent rooting (30 and 60 days after planting, DAP), length of the longest root, number of roots per cutting, root diameter, and root fresh and dry weight, were recorded at 30, 60, and 90 DAP on three randomly sampled cuttings per treatment per replication, following standard destructive sampling. Shoot parameters, including days to sprouting, per cent sprouting (30 and 60 DAP), number of sprouts per cutting, sprout/shoot length, shoot diameter, and shoot fresh and dry weight, were recorded on the same schedule from five randomly tagged cuttings per replication. Dry weights were obtained after oven-drying the samples at 65°C to constant weight. The survival percentage of rooted cuttings was recorded 90 days after transplanting them into individual polybags.
2.5 Statistical analysis
Data for each observation were subjected to analysis of variance appropriate to a Randomised Block Design. Treatment means were compared using Fisher's least significant difference (critical difference, C.D.) at the 5% level of probability; standard errors of the mean (S.E m. ±) are reported alongside the C.D. values in each table (Panse & Sukhatme, 1985).
3. RESULTS AND DISCUSSION
3.1 Root parameters
Growth regulator treatment had a clear and consistent effect on all measured root parameters, and the response closely tracked the identity and concentration of auxin (Table 2). Root initiation was fastest in cuttings treated with IBA at 3000 ppm, occurring in 16.53 days, roughly a week earlier than in the untreated control (22.90 days), and this treatment remained superior through 90 DAP for rooting percentage, root length, root number, root diameter, and both fresh and dry root weight. IBA at 2000 and 1000 ppm followed closely and were statistically on par with the 3000-ppm treatment for most parameters; thus, the response essentially plateaued at about 1000 ppm rather than continuing to increase. NAA alone was distinctly less effective across the measured parameters, and combining IBA with NAA (T7–T12) did not improve upon IBA used alone; the higher-NAA combinations even trailed the lower single-dose NAA treatments for some parameters, suggesting that the two auxins may have competed rather than complemented each other at these concentrations. The control cuttings showed the slowest and weakest responses across all measured parameters.
The general explanation for this pattern, consistent with the auxin-rooting literature, relates to the effects of exogenous auxin within a wounded cutting. Applied auxin is known to accelerate the hydrolysis of stored starch into simple, readily respirable sugars, providing the dividing cells at the cut surface with the energy and building blocks needed to form root primordia (Nanda, 1975). Cell enlargement, which depends on adequate auxin and oxygen, further promotes the extension of the new root once initiation has occurred (Leopold, 1955). The faster hydrolysis of stored polysaccharides at the higher IBA dose likely explains why the 3000-ppm treatment consistently produced more, longer, and heavier roots than the lower doses and the control, a pattern also reported for dragon fruit itself (Seran & Thiresh, 2015; Rahad et al., 2016) and for teak and Indian rosewood cuttings treated similarly (Husen & Pal, 2007; Husen, 2008). The improvement in root number over time was further supported by the internal sugar reserves of the cutting itself, whose metabolism is known to matter most during the earliest phase of rooting (Denaxa et al., 2012).
Table 2. Effect of IBA and NAA on root parameters of Dragon fruit stem cuttings
	Treatment and Notations
	Days to root initiation
	Rooting % (60 DAP)
	Root length (cm, 90 DAP)
	Roots/ cutting (90 DAP)
	Root dia. (mm, 90 DAP)
	Fresh wt. root (g, 90 DAP)
	Dry wt. root (g, 90 DAP)

	T1-IBA 1000 ppm
	18.20
	51.94
	19.60
	40.12
	1.25
	2.05
	0.50

	T2-IBA 2000 ppm
	17.95
	52.85
	19.95
	40.35
	1.28
	2.08
	0.54

	T3-IBA 3000 ppm
	16.53
	53.20
	20.13
	40.95
	1.31
	2.12
	0.56

	T4-NAA 100 ppm
	22.10
	40.65
	17.23
	25.05
	1.12
	1.57
	0.36

	T5-NAA 200 ppm
	21.88
	43.58
	17.45
	25.36
	1.14
	1.64
	0.39

	T6-NAA 300 ppm
	20.24
	45.09
	17.48
	25.74
	1.17
	1.69
	0.40

	T7-IBA 1000 + NAA 100 ppm
	20.95
	47.24
	18.24
	36.11
	1.22
	1.85
	0.42

	T8-IBA 2000 + NAA 200 ppm
	21.54
	43.50
	17.84
	29.09
	1.18
	1.70
	0.37

	T9-IBA 3000 + NAA 300 ppm
	22.04
	40.26
	16.25
	27.10
	1.12
	1.62
	0.33

	T10-IBA 2000 + NAA 100 ppm
	19.49
	50.28
	18.35
	39.19
	1.23
	1.92
	0.48

	T11-IBA 2000 + NAA 200 ppm
	19.95
	45.35
	18.10
	33.49
	1.20
	1.68
	0.44

	T12-IBA 3000 + NAA 300 ppm
	18.85
	47.67
	18.24
	37.25
	1.22
	1.85
	0.45

	T13-Control
	22.90
	35.49
	12.50
	18.87
	0.88
	1.46
	0.30

	S.E (m.) ±
	0.75
	0.85
	0.20
	0.52
	0.02
	0.03
	0.01

	C.D. at 5% level
	2.19
	2.48
	0.59
	1.52
	0.05
	0.08
	0.04


3.2 Shoot parameters
The shoot data mirrored the root data across treatments (Table 3). Sprouting began earliest, at 9.39 days, in cuttings treated with IBA at 3000 ppm, compared with 17.33 days in the control, and the same treatment recorded the highest sprouting percentage (50.76% at 60 DAP), the greatest number of sprouts per cutting, the tallest shoots (14.20 cm at 90 DAP), the thickest shoots, and the highest shoot fresh and dry weight. As with the root data, IBA at 2000 and 1000 ppm were statistically equivalent to 3000 ppm for most parameters; NAA alone was less effective than IBA, and the IBA + NAA combinations offered no consistent advantage over IBA alone.
Earlier and more vigorous sprouting under auxin treatment is generally attributed to better mobilisation of the carbohydrate and nitrogen reserves stored in the cutting, made available through the activation of hydrolytic enzymes (Chandramouli, 2001). The taller, heavier shoots recorded under IBA at 3000 ppm are consistent with the same treatment's superior root system; a cutting that roots earlier and more extensively gains earlier and greater access to water and nutrients, which in turn supports faster shoot elongation and greater biomass accumulation. This relationship has also been noted for Rhipsalis (Stancato et al., 2003) and for dragon fruit under comparable auxin treatments (Seran & Thiresh, 2015; Rahad et al., 2016).
The highest survival percentage recorded under IBA at 3000 ppm may be attributed to the combined effect of improved root initiation, vigorous root development, and enhanced shoot growth, which together ensured better establishment of the hardwood cuttings. Auxin-induced rooting facilitates efficient water and nutrient absorption, promotes carbohydrate translocation and utilisation, and thereby increases the regeneration potential and survival of cuttings. Similar observations have been reported in peach, where the combined application of IBA, p-hydroxybenzoic acid (PHB), and boron significantly improved rooting, shoot growth, and survival by enhancing cell division, cell elongation, carbohydrate translocation, and nutrient utilisation (Shukla et al., 2010). Comparable findings have also been reported in sweet lime, where IBA at 2000 ppm improved root initiation, regeneration potential, and nutrient translocation, resulting in higher survival of stem cuttings (Jaiswal et al., 2023). Likewise, in acid lime, the application of IBA at 2500 ppm to hardwood cuttings promoted superior root development and establishment, resulting in significantly higher survival rates (Mishra et al., 2024).
Survival of rooted cuttings 90 days after transplanting followed the same ranking, with IBA at 3000 ppm giving the best establishment (90.12%), statistically on par with IBA at 2000 ppm (88.56%), and the control giving the poorest establishment (81.50%). Since survival at this stage depends heavily on how well developed the root system is at the time of transplanting, this result is best interpreted as a downstream consequence of the same root and shoot advantages described above rather than as an independent effect of the auxin treatment.



Table 3. Effect of IBA and NAA on shoot parameters and survival percentage of Dragon fruit stem cuttings
	Treatment and Notations
	Days to sprouting
	Sprouting % (60 DAP)
	Sprouts/ cutting (90 DAP)
	Shoot length (cm, 90 DAP)
	Shoot dia. (mm, 90 DAP)
	Fresh wt. shoot (g, 90 DAP)
	Dry wt. shoot (g, 90 DAP)
	Survival (%)

	T1-IBA 1000 ppm
	11.30
	48.10
	1.98
	13.25
	3.35
	50.32
	10.23
	87.25

	T2-IBA 2000 ppm
	10.96
	49.85
	2.02
	13.58
	3.38
	51.22
	10.34
	88.56

	T3-IBA 3000 ppm
	9.39
	50.76
	2.04
	14.20
	3.40
	52.04
	10.46
	90.12

	T4-NAA 100 ppm
	12.76
	25.65
	1.65
	7.44
	3.24
	35.09
	8.84
	83.20

	T5-NAA 200 ppm
	12.95
	28.68
	1.67
	8.06
	3.20
	37.50
	8.87
	83.36

	T6-NAA 300 ppm
	13.10
	30.70
	1.69
	8.96
	3.22
	38.25
	8.90
	83.54

	T7-IBA 1000 + NAA 100 ppm
	14.10
	28.14
	1.72
	8.98
	3.27
	48.52
	9.20
	86.60

	T8-IBA 2000 + NAA 200 ppm
	16.25
	28.75
	1.56
	7.84
	3.24
	47.20
	9.04
	84.76

	T9-IBA 3000 + NAA 300 ppm
	18.50
	29.10
	1.44
	7.25
	3.10
	46.34
	8.96
	83.92

	T10-IBA 2000 + NAA 100 ppm
	12.98
	30.22
	1.73
	9.88
	3.25
	48.60
	9.28
	86.95

	T11-IBA 2000 + NAA 200 ppm
	12.10
	29.35
	1.70
	8.20
	3.30
	47.94
	9.12
	84.93

	T12-IBA 3000 + NAA 300 ppm
	13.25
	30.96
	1.72
	9.28
	3.32
	48.12
	9.25
	85.10

	T13-Control
	17.33
	17.90
	1.48
	2.95
	1.46
	26.50
	6.92
	81.50

	S.E (m.) ±
	0.51
	0.51
	0.02
	0.40
	0.05
	0.74
	0.43
	1.53

	C.D. at 5% level
	1.47
	1.48
	0.07
	1.15
	0.14
	2.17
	1.26
	4.46



4. CONCLUSION
These results show that exogenous auxin application promoted faster and more vigorous rooting in dragon fruit stem cuttings, with IBA being more effective than NAA under the conditions tested. A quick basal dip in IBA at 3000 ppm gave the best overall performance, with the shortest time to root initiation and sprouting, the highest rooting and sprouting percentages, and the most vigorous root and shoot growth. This treatment can be used for commercial multiplication of dragon fruit. Since IBA at 2000 ppm and even 1000 ppm remained statistically equivalent to the 3000 ppm treatment for most parameters, growers seeking to reduce auxin costs can reasonably use these lower concentrations without a substantial loss in propagation efficiency. NAA alone and the IBA + NAA combinations evaluated here did not match the performance of IBA alone and are not recommended as substitutes.

Limitation 
The study was conducted at a single nursery location during 2025–26 using one pink-fleshed selection of Hylocereus costaricensis, which limits the generalisability of the findings across genotypes, environments, and seasons. Although 390 cuttings were included, root observations were based on three sampled cuttings per treatment per replication, while shoot observations used five tagged cuttings per replication. Survival was assessed only up to 90 days after transplanting; therefore, longer-term field establishment was not evaluated. Future studies should validate these auxin treatments across multiple genotypes, locations, seasons, and longer post-transplanting periods.
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