


Regeneration of wilt tolerant interspecific rootstock of guava using leafy shoot cutting 


Abstract 
A wilt tolerant, interspecific rootstock of guava (Psidium molle Bertol x Psidium guajava L.) developed at ICAR-CISH, Lucknow was regenerated through leafy shoot cuttings under polyhouse condition. Leafy shoot explants excised from mature mother trees maintained at institute were rooted under protected conditions by application of 1000 ppm indole-3- butyric acid (IBA). Out of different concentration of IBA employed, 1500 ppm IBA took minimum days for root initiation ((20.07) but rooting percentage (56.16%), number of primary roots (19.67), number of secondary roots (31.69), length of primary roots (8.81 cm) and diameter of primary roots (0.66mm) were found highest in 1000 ppm IBA compared to 1500 and 700 ppm IBA concentration used during the experiment. Meanwhile, data on potting media revealed that  days taken for root initiation (17.34), rooting percentage (90.01%), number of primary roots (30.50), number of  secondary roots (91.49), length of primary root (15.87 cm) and diameter of primary roots (1.37 mm) was found highest in cocopeat as compared to vermiculite and perlite. The study concludes that appropriate selection of rooting media and IBA concentration enhances propagation efficiency of wilt tolerant interspecific guava rootstock.
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1. Introduction: Guava (Psidium guajava L.) is one of the most widely recognized species belonging to the Myrtaceae family and is cultivated across diverse climatic regions worldwide (Pereira et al., 2017). Guava originated in Tropical America, extending from Mexico to Peru. Most commercially grown guava cultivars are diploid with a chromosome number of 2n = 2x = 22. Among various species, Psidium guajava is the majorly cultivated species in India as well as in many other countries.
In India, guava ranks fourth in production after banana, mango, and citrus (NHB, 2024–25). It has gained widespread popularity among consumers due to its high nutritional value, pleasant taste, appealing flavour, year-round availability, and affordable price. In addition to its nutritive importance, guava is a prolific bearer and serves as a good source of carbohydrates (11–13%), fat (0.5%), and protein (0.71%). It also contains essential minerals such as calcium (29 mg), iron (0.5 mg), and phosphorus (10 mg per 100 g of fresh fruit) (Gavhane et al., 2022).
Guava is widely cultivated in several states of India, including Uttar Pradesh, Bihar, Madhya Pradesh, Maharashtra, Andhra Pradesh, Tamil Nadu, West Bengal, Assam, Odisha, Karnataka, Kerala, Rajasthan, and Gujarat. Among these, Uttar Pradesh is one of the leading guava-producing states, with an area of about 30.488 million hectares and an annual production exceeding 5,400,000  tonnes (Anonymous, 2024–25).
Guava suffers colossal losses owing to spread of guava wilt disease caused by Fusarium oxysporum f. sp. psidii, a soil born fungus. The problem gets more severe, if the planting material of infested with root knot nematode. The fungus-nematode nexus can cause havoc for guava production. Many states are facing this great challenge of guava wilt or guava decline complex in their field. Chemical methods have not been effective so far as it’s a soil borne fungus. ICAR-CISH, Lucknow bred Psidium molle x Psidium guajava and found a population of hybrids which with stand with Fusarium wilt disease even after challenge inoculation for several years. This interspecific hybrid rootstock of guava have shown consistence tolerance against F. oxysporum f. sp. psidiiin field condition for several decades. The graft compatibility of this rootstock has been tested with several commercial scion varieties, However, this rootstock could not be popularized due to lack of a robust propagation system as it is shy to root. Plant propagation media are crucial mixtures (typically peat, perlite, vermiculite, sand, or coir) that offer support, moisture, aeration, and nutrients for seeds or cuttings to root. They emphasize high porosity for oxygen while retaining water, with particular blends made for various plants that need sterility and the right pH for ideal root development. Indole-3-butyric acid (IBA) is a synthetic auxin widely used in horticulture and agriculture for its strong ability to promote adventitious root formation in plant cuttings. As an auxin analogue, IBA stimulates cell elongation, division, and differentiation in the basal region of cuttings, leading to faster and more uniform root development compared to natural auxins. Its effectiveness makes it essential in the large-scale propagation of ornamental plants, fruit crops, and forestry species, especially those that are difficult to root (Hartmann and Kester, 2002).
So, present paper reports the media and IBA concentration which gives regeneration percentage which is first highly repeatable protocol of propagation using leafy shoot cutting.
2. Materials and methods
The present investigation accomplished during the year 2024-25 in the Division of Crop Improvement & Biotechnology, ICAR-CISH, Rehmankhera, Lucknow (U.P.) located between 26°45' and 27°10' North (latitude) and 80°30' and 80°55' East (longitude) at an altitude. The experiment was conducted in Completely Randomized Design (CRD). Leafy shoot cutting was planted in three different potting mixtures and replicated four times. Leafy shoot cuttings were dipped in 1000ppm IBA solution for 45 minutes prior to planting in potting mixture. In the second experiment, three concentration of IBA (700ppm, 1000ppm and 1500 ppm) were evaluated. Simultaneously 10 cm long leaf shoot cutting and 45 min dipping time was maintained in both the experiment. For solution preparation, weighed quantities were first dissolved in a small amount of 0.1 N sodium hydroxide and the final volume was then made up with distilled water to obtain the desired concentrations. In each replication of both experiments 20 cuttings were taken and trial was conducted under protected conditions. Morphological data related to days taken for root initiation (days), rooting percentage (%), number of primary and secondary roots, length of primary roots (cm), diameter of primary roots (mm) were taken. The collected data are presented as the mean of the three replications. One way analysis of variance (ANOVA) was used to determine significant differences between the means of treatments according to Least significant difference test. The statistical analysis was done by using “Agra-analyzer” software
3. Results and Discussion
3.1. - Effect of IBA concentration on leafy shoot cutting regeneration 
3.1.1. Days taken for callus formation÷
The effect of different treatment concentration of IBA on callus formation at shoot end was found to be significant (Table 1). Among the different treatments, IBA concentration on days taken for callus formation of guava shoot cutting varied significantly from 20.07 to 45.33 days. The minimum days (20.07) taken for callus formation was recorded with 1500ppm, which was significantly superior to all other treatments. This was followed by 1000ppm (24.62days), while significantly highest number of days (45.33) taken for callus formation with 700ppm (45.33 days) treatment. 
3.1.2. Percentage Rooting ÷
The rooting percentage of guava plants varied significantly with different IBA concentrations, ranging from 7.66% to 56.16% [Table 1]. The highest rooting (56.16%) was recorded at 1000 ppm, which performed significantly better than all other treatments. This was followed by 1500 ppm with 27.70% rooting, while the lowest rooting percentage (7.66%) was observed at 700 ppm.
3.1.3. Number of primary and secondary roots ÷
Differential regime of IBA had a different influence on both primary and secondary root development in guava rootstock (Table 1). The number of primary roots ranged from 6.68 to 19.67 across different IBA levels, with the highest count (19.67) observed at 1000 ppm, outperforming all other treatments. The next best result was recorded at 1500 ppm (11.69), while the lowest number of primary roots (6.68) occurred at 700 ppm. A similar trend was noted for secondary roots, where values varied between 19.40 and 31.69. The maximum number of secondary roots (31.69) was again achieved at 1000 ppm, followed by 1500 ppm (21.36), whereas the minimum count (19.40) was associated with the 700 ppm treatment.
3.1.4. Length of primary roots (cm) ÷
Variation in treatment concentrations significantly affected the length of primary roots in guava plants (Table 1). The root length ranged from 4.59 cm to 8.81 cm across the different IBA levels. The longest primary roots (8.81 cm) were recorded at 1000 ppm, which proved markedly more effective than the other treatments. This was followed by 1500 ppm with a root length of 7.29 cm, whereas the shortest roots (4.59 cm) were observed under the 700 ppm treatment.
[bookmark: _Hlk219384154]3.1.5. Diameter of primary roots (mm) ÷
The effect of different treatment concentration on diameter of primary roots (mm) was found to be significant (Table 1). Among the treatments, IBA concentration on diameter of primary roots (mm) of guava rootstocks varied significantly from 0.24 to 0.66 mm. The maximum (0.66mm) diameter of primary roots (mm) was observed with 1000ppm, which was significantly superior to all other treatments. This was followed by 1500ppm (0.54mm), while comparatively minimum diameter of primary roots (mm) was observed in 700ppm (0.24mm) IBA.
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4.1. Days taken for callus formation ÷
Statistical analysis indicated that the variation among treatments for days to callus formation was non-significant, with values ranging from 17.34 to 23.75 days. The earliest callus formation at shoot cut end (17.34days) occurred in cocopeat, followed by vermiculite (20.40 days), whereas perlite showed the longest duration (23.75 days) under protected condition of 30±5 ºC and 70-75% relative humidity (RH).
4.2. Rooting percentage ÷
Rooting percentage in leafy shoots of guava rootstock varied significantly among the different potting mixture tried. Cocopeat recorded the highest rooting (90.01%), clearly outperforming vermiculite (80.38%) and perlite (75.71%). The lowest rooting percentage was observed in perlite, and the differences were statistically significant.
4.3. Number of primary roots÷
The number of primary roots differed notably across treatments. Cocopeat produced the highest number (30.50) of primary roots, which was considerably greater than vermiculite (23.35) and perlite (15.38) in leafy shoots of guava rootstock under the influence of IBA treatment. Perlite showed the lowest number of primary roots (15.38) with similar treatment and environment conditions.
4.4. Number of secondary roots ÷
A significant variation was also observed in the number of secondary roots produced at the end of leafy cutting of guava rootstock when exposed to IBA 1000ppm. Out of 3 different potting mix tried, Cocopeat resulted in the maximum number (91.49) of secondary root, followed by vermiculite (76.02) and perlite (72.26) under similar concentration of IBA and environmental conditions.
4.5. Length of primary roots (cm) ÷
Primary root length showed clear differences in different media. The longest roots were obtained in cocopeat (15.87 cm), followed by vermiculite (10.17 cm), while the shortest roots were found in perlite (6.56 cm). These differences were statistically significant.
4.6. Diameter of primary roots (mm) ÷
The diameter of primary roots was highest in cocopeat (1.37 mm), followed by vermiculite (1.00 mm), and lowest in perlite (0.66 mm). The variation among treatments was significant, indicating the superiority of cocopeat for this parameter.
The data related to IBA concentration, collected and analyzed during course of investigation revealed that exogenous application of auxins played a pivotal role in the rooting process of vegetative propagules. In the present investigation, higher concentrations of IBA (1000 and 1500 ppm) resulted in better rooting compared to lower concentrations, indicating a positive correlation between auxin level and rooting response. This may be due to the adequate availability of auxin at higher concentrations, which enhances cambial activity and promotes the initiation of root primordia. Similar findings have been reported in guava by Rani et al. (2015), Rajamanickam et al. (2021), Kumar and Sivakumar, (2023), Bhusari et al. (2023), and Ahmad and Sajid (2025), as well as in pomegranate (Tanwar et al., 2020), fig (Patel and Patel, 2018), phalsa (Ghosh et al., 2017) and (Kareem et al., 2016) all of whom observed improved rooting percentage, number of primary and secondary roots, root length, and root diameter, along with minimum days required for callus formation with increased IBA concentrations.
The results further revealed that rooting media had a significant influence on rooting characteristics. Cocopeat proved to be the most effective medium, recording the highest rooting percentage, number of primary and secondary roots, root length, and root diameter, along with minimum days required for callus formation. This was followed by vermiculite, whereas perlite showed comparatively lower performance. The superiority of cocopeat can be attributed to its excellent moisture retention, good aeration, and favorable physical structure, which collectively create an ideal environment for root initiation and development. Vermiculite, although efficient in retaining water and nutrients, provides moderate aeration, while perlite, despite offering good aeration, has relatively poor water-holding capacity, thereby limiting root growth. These observations are in agreement with earlier studies conducted by Hosseini et al. (2004), Swetha, (2005) and Khayyat et al. (2007), who also reported improved rooting and plant growth in cocopeat-based media.
Table 1. Effect of IBA concentration on regeneration of leafy shoot cutting÷
	Treatment
	Days taken for root Initiation
	Rooting
(%)
	Number of primary roots
	Number of secondary roots
	Length of primary roots(cm)
	Diameter of primary roots(mm)

	700ppm
	45.33
	7.66
	6.68
	19.40
	4.59
	0.24

	1000ppm
	24.62
	56.16
	19.67
	31.69
	8.81
	0.66

	1500ppm
	20.07
	27.70
	11.69
	21.36
	7.29
	0.54

	SE(m±)
	0.15
	0.39
	0.11
	0.13
	0.04
	0.01

	CD (0.05)
	0.46
	1.21
	0.35
	0.42
	0.14
	0.04



Table 2. – Effect of potting media on regeneration of leafy shoot cutting÷
	Treatment
	Days taken for root Initiation
	Rooting
(%)
	Number of primary roots
	Number of secondary roots
	Length of primary roots(cm)
	Diameter of primary roots(mm)

	Cocopeat
	17.34
	90.01
	30.50
	91.49
	15.87
	1.37

	Perlite
	23.75
	75.71
	15.38
	72.26
	6.56
	0.66

	Vermiculite
	20.40
	80.38
	23.35
	76.02
	10.17
	1.00

	SE(m±)
	0.21
	0.75
	0.28
	0.68
	0.08
	0.08

	CD (0.05)
	0.65
	2.31
	0.85
	2.11
	0.26
	0.26




Conclusion 
Based on the results obtained, it can be concluded that both IBA concentration and rooting media play a crucial role in influencing rooting and root development in guava cuttings. Among the different IBA levels, 1000 ppm proved to be the most effective concentration, consistently recording the highest rooting percentage, number of primary and secondary roots, and root length, thereby indicating it as the optimum level for promoting root initiation and growth. Although 1500 ppm also showed improved performance compared to lower concentrations, it was comparatively less effective than 1000 ppm, while the lowest concentration (700 ppm) resulted in poor rooting response. With respect to rooting media, cocopeat emerged as the most suitable medium, exhibiting superior performance across all parameters, including earliest callus formation, highest rooting percentage, and better root growth characteristics. Vermiculite showed moderate results, whereas perlite was found to be the least effective medium. The enhanced performance of cocopeat can be attributed to its favorable physical properties, such as high moisture retention, good aeration, and optimal support for root development. Overall, the combination of 1000 ppm IBA with cocopeat as a rooting medium can be recommended as the most effective treatment for achieving better rooting success and root quality in guava propagation.
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