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Abstract
Mango (Mangifera indica L.) is a commercially important tropical fruit crop widely cultivated in South Asia, valued for its nutritional richness, economic significance, and diverse end uses. Despite its importance, the heterozygous nature of the species necessitates the adoption of efficient vegetative propagation techniques, such as veneer grafting, to ensure true-to-type plants and improved nursery performance. The study aims to evaluate the nursery-stage growth performance of mango grafts under Bastar agro-climatic conditions. The present research was conducted during the year 2024–25 at the Department of Fruit Science, Krantikari Debridhur College of Horticulture and Research Station, Jagdalpur, Chhattisgarh, India. The experiment comprised twelve mango varieties grafted on local seedling rootstock using the veneer grafting technique, laid out in a Completely Randomized Design (CRD) with three replications. Observations were recorded at 30, 60 and 90 days after grafting on parameters such as scion girth, rootstock girth, rootstock length, plant height, number of buds per graft and graft survival percentage. Significant varietal differences were observed for all parameters. Among the treatments, Scented Goa (T₅) recorded the maximum scion girth (10.47 mm), rootstock girth (11.67 mm), rootstock length (44.67 cm) and grafted plant height (59.40 cm) at 90 days after grafting, along with the highest graft survival (84.43%). Similarly, Banana Mango (T₇) showed vigorous growth with scion girth (10.07 mm), rootstock girth (11.53 mm), scion length (14.93 cm), plant height (59.60 cm) and number of buds per graft (6.07), indicating better graft establishment. In contrast, Sundari (T₄) recorded the minimum scion girth, rootstock girth and plant height, along with the lowest graft survival percentage (60.00 %), reflecting comparatively weaker vegetative growth. The superior performance of these varieties may be attributed to better scion–rootstock compatibility and favourable physiological interactions under Bastar conditions. The study concluded that Scented Goa and Banana Mango are the most suitable mango varieties for successful grafting and nursery production in the Bastar region. The experimental data were statistically analysed using analysis of variance (ANOVA) under Completely Randomized Design (CRD).
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1. Introduction
[bookmark: _Hlk218435262][bookmark: _GoBack]Mango (Mangifera indica L.) is an important evergreen fruit species of the family Anacardiaceae, indigenous to South Asia, with major centres of origin in Eastern India, Myanmar and the Andaman Islands (Honja, 2014). The genus Mangifera comprises about 69 species, of which five species—M. andamanica, M. indica, M. khasiana, M. sylvatica and M. comptosperma—are reported from India (Mukherjee, 1985). Mango thrives up to 1200 m altitude, although fruit set declines above 600 m and optimal vegetative and reproductive growth occurs at 23–26°C (Singh and Saxena, 2008). The production of mango in india is 22423 MT and area 2401 hectare (Anonymous, 2024). Chhattisgarh state occupies an area of approximately 76.54 thousand hectares with an annual production of 467.57 thousand metric tonnes of mango (Anonymous, 2024). Major mango-growing districts in the state include Raipur, Bastar, Korba, Bilaspur, Rajnandgaon, Kanker and Kondagaon. Mango is highly valued for its flavour, nutritional quality and diverse uses. The raw fruit is utilized for chutneys, pickles, curries, beverages and amchur, whereas ripe fruits are rich in vitamin C, provitamin A, B-complex vitamins and essential minerals (Mukherjee and Litz, 2009; Griesbach, 2003). Mango is a highly cross-pollinated and heterozygous species, bearing large panicles with 5000–6000 flowers, of which only 1–70% are bisexual (Bafod, 1988; Kumar et al., 2024). Owing to high genetic variability in seedling progenies, seed propagation does not ensure true-to-type plants. Therefore, vegetative propagation techniques, especially grafting, are preferred to maintain genetic purity and desirable traits (Janick, Scofied and Goldschmit, 2010). Veneer grafting is one of the most widely used propagation methods due to its high success rate, simplicity and suitability for commercial nursery production (Roy et al., 1999). The success of grafting depends on proper alignment, callus formation and continuity of vascular tissues between the scion and rootstock (Nanda and Melnyk, 2018). The present study aims to evaluate the nursery-stage growth performance of mango grafts under Bastar agro-climatic conditions.

2. Materials and Methods
2.1 Experimental Site 
The field experiment was carried out during the year 2024-25 at Research cum Instructional Farm KDCHRS, Jagdalpur (C.G.). The experiment consisted of twelve mango varieties as treatments under a Completely Randomized Design with three replications: T₁ (Hanthisoond), T₂ (Danda Ras), T₃ (Neelum), T₄ (Sundari), T₅(Scented goa), T₆ (Kaccha Swadi), T₇ (Banana Mango), T₈ (Barahmasi), T₉ (Baganapalli), T₁₀ (Raja Baganapalli), T₁₁ (Kesar) and T₁₂ (Khajuri). Observations were recorded at 30, 60 and 90 days after grafting. The leaves were defoliated seven to ten days prior to grafting and the mature, strong, terminal, vigorous shoots that were three to four months old were chosen for the scion. An elite tree was used to collect scions. Uniform rootstocks of approximately 1 year old age and similar height were selected before grafting to minimize variation. On the day of grafting, the mother trees' tree scion shoots were gathered early in the morning. As soon as the scions were separated from the mother tree, they were transported to the grafting site in polythene coverings and wrapped in a wet cloth. On the same day that they were separated, grafting took place. Rose cans were used for routine watering. When sprouts appeared in rootstocks below the graft section, they were manually removed. The necessary steps were taken to protect the plants. Observations were recorded from five randomly selected grafted plants in each replication of every treatment and the mean values were subjected to statistical analysis.

2.2 Observations recorded: -
2.2.1 Number of buds per graft
The number of buds per graft was recorded from five randomly selected grafted plants in each replication of every treatment and the mean values were calculated after grafting.
2.2.2 Scion girth (mm)
The girth of the scion was measured 2 cm above the graft union using Vernier calipers and expressed in millimeters. Measurements were taken at 30, 60 and 90 days after grafting and the mean values were recorded for each interval.
2.2.3 Rootstock girth (mm)
The girth of individual rootstocks was measured 2 cm below the graft union using Vernier calipers and expressed in millimeters. Measurements were taken at 30, 60 and 90 days after grafting and the mean values were recorded for each time point.
2.2.4 Length of rootstock (cm)
Rootstock length was measured from ground level to the midpoint of the graft union at 30-day intervals from 30 to 90 days after grafting using a measuring scale and expressed in centimetres.
2.2.5 Height of grafted plants
The height of grafted plants was recorded at 30-day intervals after grafting using a meter scale, measured from the base of the rootstock to the terminal end of the graft, and expressed in centimeters.
2.2.6 Percentage of graft survival
To assess the survival percentage of grafts, the number of surviving grafts was recorded at 90 days after grafting. The survival percentage was then computed using the standard formula given below.

                                                     Number of Survived Grafts
Percentage of graft =                                                                                            ×100 
                                                   Total number of grafted rootstocks




3. Result and Discussion

3.3.1 Number of buds per graft
The data presented in Table 1 and Fig. 1 indicated significant variation in the number of buds per graft among different treatments. The maximum number of buds per graft (6.07) was recorded in treatment T₇, while the minimum (2.00) was observed in treatment T₃. The variation in bud number may be attributed to differences in grafting time, environmental conditions and scion–rootstock compatibility, which influence physiological activity and bud initiation. Similar findings have been reported by Gurudutta et al. (2004), Rathore et al. (2023) and Kurre et al. (2024) in mango.
3.3.2 Scion girth (mm)
The data presented in Table 1 and Fig. 2 revealed that scion girth increased progressively with the advancement of time in all treatments, with significant variation observed at 30, 60 and 90 days after grafting. At 30 DAG, the maximum scion girth (7.93 mm) was recorded in T₇, while the minimum (5.40 mm) was observed in T₁. At 60 DAG, the maximum girth (9.60 mm) was again recorded in T₇, whereas the minimum (6.27 mm) was recorded in T₁. At 90 DAG, the highest scion girth (10.47 mm) was observed in T₅, while the lowest (8.20 mm) was recorded in T₄. The progressive increase in scion girth indicates successful graft establishment and active cambial growth. The superior performance of T₅ and T₇ may be attributed to better scion–rootstock compatibility, efficient translocation of water and nutrients and favorable climatic conditions during the grafting period. Similar results were reported by Nikam (2021) in mango.
3.3.3 Rootstock girth (mm) 
The data presented in Table 1 and fig. 3 revealed that rootstock girth increased progressively with advancement of time in all treatments, with significant variation observed at 30, 60 and 90 days after grafting. At 30 DAG, the maximum rootstock girth (9.33 mm) was recorded in T₇, while the minimum (6.40 mm) was observed in T₁₂. At 60 DAG, the maximum girth (10.53 mm) was observed in T₇, whereas the minimum (8.50 mm) was recorded in T₃. At 90 DAG, the highest rootstock girth (11.67 mm) was recorded in T₅, while the lowest (9.33 mm) was observed in T₃. The progressive increase in rootstock girth indicates successful graft establishment and active cambial growth. Superior performance of T₅ and T₇ may be attributed to better scion–rootstock compatibility, efficient translocation of water and nutrients and favorable climatic conditions during the grafting period. Similar observations were reported by Gawankar et al. (2010), Bhuiyan et al. (2010) and Kaur (2017) in mango.
3.3.4  Length of rootstock (cm)
The data presented in Table 1 and Fig. 4 revealed that Rootstock length increased progressively with time in all treatments, showing significant variation at 30, 60 and 90 days after grafting. The maximum rootstock length at 30 DAG (37.67 cm) was recorded in T₅, whereas at 60 DAG and 90 DAG, the highest values were recorded in T₇ (40.67 cm and 44.67 cm, respectively), whereas the minimum rootstock length was observed in T₁₀, T₉ and T₁₂ during the respective stages. Higher rootstock length under T₅ and T₇ indicates better vegetative growth and graft establishment. Similar results were reported by Silas et al. (2023) in mango.
3.3.5 Height of grafted plants
The data presented in Table 1 and Fig. 5 revealed that graft plant height increased progressively with time in all treatments, with significant variation observed at 30, 60 and 90 days after grafting. At 30 DAG, the maximum graft plant height (50.93 cm) was recorded in T₅, while the minimum (45.73 cm) was observed in T₁₂. At 60 and 90 DAG, the highest graft plant height was recorded in T₇ (54.93 cm and 59.60 cm, respectively), whereas the minimum graft plant height was observed in T₁₂. The gradual increase in graft plant height indicates improved graft union and vigorous vegetative growth. The superior performance of treatments T₅ and T₇ may be attributed to favorable grafting time, enhanced photosynthetic efficiency and efficient translocation of nutrients from rootstock to scion. Similar findings were reported by Karna et al. (2018), Rathore et al. (2023) and Nagesh et al. (2024) in mango.
3.3.6 Percentage of graft survival
The data presented in Table 1 and Fig. 5 revealed that graft survival percentage varied significantly among different treatments, ranging from 60.00% (T₄) to 85.20% (T₇). The maximum graft survival (85.20%) was recorded in T₇, whereas the minimum survival was observed in T₄ (60.00%). Treatments T₆, T₁₀ and T₁₁ recorded intermediate survival, while comparatively lower survival was noted in T₁, T₃, T₉ and T₁₂. Higher survival under T₅ and T₇ may be attributed to favorable environmental conditions, better graft union formation and efficient physiological activity, whereas reduced survival in other treatments could be due to unfavorable climatic conditions affecting callus formation and vascular connectivity. Similar findings were reported by Gurudutta et al. (2012), Prajapati et al. (2014) and Yadav et al. (2019) in mango.




	Treatment
	Number of buds
	Scion girth (mm) per graft

	Rootstock girth (mm) per graft

	Length of root stock (cm)
	Height of grafted plant (cm)
	Survival percentage
(%)

	
	
	30 DAG
	60 DAG
	90 DAG
	30 DAG
	60 DAG
	90 DAG
	30 DAG
	60 DAG
	90 DAG
	30 DAG
	60 DAG
	90 DAG
	

	T1
	3.20
	5.40
	6.27
	9.53
	7.13
	8.53
	9.67
	37.56
	39.33
	41.47
	47.27
	50.13
	53.33
	62.20

	T2
	3.00
	5.67
	8.20
	9.23
	6.53
	9.33
	10.07
	35.67
	38.33
	39.50
	46.47
	51.00
	52.50
	63.33

	T3
	2.00
	6.07
	7.67
	9.53
	8.20
	8.50
	9.33
	36.83
	39.33
	42.17
	47.23
	50.80
	54.37
	62.23

	T4
	4.00
	7.03
	6.60
	8.20
	8.27
	9.00
	10.07
	35.00
	39.00
	42.00
	47.80
	52.60
	55.67
	60.00

	T5
	5.33
	7.87
	9.33
	10.47
	9.17
	10.47
	11.67
	37.67
	40.00
	44.00
	50.93
	54.33
	59.40
	84.43

	T6
	4.20
	6.67
	7.80
	9.47
	7.20
	9.47
	10.07
	36.33
	39.67
	43.33
	48.53
	52.67
	57.73
	67.80

	T7
	6.07
	7.93
	9.60
	10.07
	9.33
	10.53
	11.53
	37.00
	40.67
	44.67
	49.97
	54.93
	59.60
	85.20

	T8
	4.00
	7.13
	8.40
	9.80
	7.40
	9.27
	10.40
	36.56
	39.67
	43.67
	49.43
	53.33
	58.40
	65.57

	T9
	4.13
	7.00
	9.07
	9.73
	7.80
	10.07
	10.50
	35.67
	36.67
	42.33
	47.73
	49.67
	56.33
	61.10

	T10
	3.20
	7.13
	9.40
	10.20
	8.33
	10.20
	10.53
	34.67
	39.00
	42.67
	47.07
	52.47
	56.47
	68.90

	T11
	5.07
	6.53
	8.33
	10.13
	7.00
	9.27
	11.33
	35.67
	39.80
	43.33
	47.00
	52.13
	56.53
	67.80

	T12
	5.07
	7.13
	8.20
	9.20
	6.40
	9.93
	10.53
	35.33
	37.00
	38.00
	45.73
	48.60
	51.13
	64.43

	C.D.
	0.30
	0.33
	0.50
	0.59
	0.50
	0.68
	0.82
	1.77
	2.04
	2.71
	2.03
	2.31
	3.16
	4.22

	SE(m)±
	0.10
	0.11
	0.17
	0.20
	0.17
	0.23
	0.28
	0.60
	0.70
	0.92
	0.69
	0.79
	1.08
	1.44

	C.V.%
	4.37
	2.83
	3.55
	3.68
	3.79
	4.23
	4.64
	2.88
	3.08
	3.79
	2.49
	2.62
	3.34
	3.61


Table 1: Effect of different treatments on Number of buds, Scion girth (mm) per graft, Rootstock girth (mm) per graft Length of root stock (cm),  
               Height of grafted plant and survival percentage of mango grafts in the growing season (seasons) 2024-2025. 












4. CONCLUSION 
 	From the present investigation, it can be concluded that significant varietal differences existed in grafting success and early growth parameters. Among the different treatments, Scented Goa (T5) and Banana Mango (T7) recorded superior performance in terms of growth parameters and graft survival percentage, indicating better scion–rootstock compatibility under Bastar agro-climatic conditions. Therefore, these varieties are recommended for successful mango graft production in the Bastar region. These findings can guide growers in selecting optimal grafting timing to improve productivity.
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30 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	5.4	5.67	6.07	7.03	7.87	6.67	7.93	7.13	7	7.13	6.53	7.13	60 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	6.27	8.1999999999999993	7.67	6.6	9.33	7.8	9.6	8.4	9.07	9.4	8.33	8.1999999999999993	90 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	9.5299999999999994	9.23	9.5299999999999994	8.1999999999999993	10.47	9.4700000000000006	10.07	9.8000000000000007	9.73	10.199999999999999	10.130000000000001	9.1999999999999993	Fig. 2. Effect of different treatment on Scion girth (mm) per graft at 30, 60 and 90 DAG
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30 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	7.13	6.53	8.1999999999999993	8.27	9.17	7.2	9.33	7.4	7.8	8.33	7	6.4	60 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	8.5299999999999994	9.33	8.5	9	10.47	9.4700000000000006	10.53	9.27	10.07	10.199999999999999	9.27	9.93	90 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	9.67	10.07	9.33	10.07	11.67	10.07	11.53	10.4	10.5	10.53	11.33	10.53	Fig. 3. Effect of different treatment on rootstock girth (mm) per graft at 30, 60 and 90 DAG


Rootstock girth (mm) per graft




30 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	37.56	35.67	36.83	35	37.67	36.33	37	36.56	35.67	34.67	35.67	35.33	60 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	39.33	38.33	39.33	39	40	39.67	40.67	39.67	36.67	39	39.799999999999997	37	90 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	41.47	39.5	42.17	42	44	43.33	44.67	43.67	42.33	42.67	43.33	38	Fig. 4 Effect of different treatment on Length of rootstock (cm) per graft at 30, 60 and 90 DAG


Length of root stock (cm)




30 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	47.27	46.47	47.23	47.8	50.93	48.53	49.97	49.43	47.73	47.07	47	45.73	60 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	50.13	51	50.8	52.6	54.33	52.67	54.93	53.33	49.67	52.47	52.13	48.6	90 DAG	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	53.33	52.5	54.37	55.67	59.4	57.73	59.6	58.4	56.33	56.47	56.53	51.13	Survival percentage (%)	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	62.2	63.33	62.23	60	84.43	67.8	85.2	65.569999999999993	61.1	68.900000000000006	67.8	64.430000000000007	Fig. 5 Effect of different treatment on Height of grafted plant (cm)at 30, 60 and 90 DAG and Survival percentage (%)
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