



Induction of off-season flowering and fruiting using Paclobutrazol and Ethephon in Mango (Mangifera indica L.) cv. Bangalora

Abstract

Mango (Mangifera indica L.), ‘King of Fruits’ which is the most popular fruit in the world particularly in India, it is considered as the best choice among the indigenous fruits. Chemically induced manipulations in vegetative growth have been attempted in many fruit crops. Among the chemicals suggested, paclobutrazol is considered as one of the important plant growth retardants which restricts vegetative growth and induce flowering in many fruit species including mango. This study was carried out for inducing the off-season flowering and fruiting using Paclobutrazol and ethephon in Mango (Mangifera indica L.) cv. Bangalora. Among the different soil drenching and spraying treatments, Soil drenching of paclobutrazol @ 0.75 g a.i. per canopy diameter along with light pruning significantly improved the flowering parameters viz., days taken for first flowering (186.04 days), inflorescence length (36.25 cm), inflorescence breadth (26.33 cm), number of panicles per tree (133.22), number of flowers per panicle (3364.37), number of male flowers per panicle (2776.94), number of perfect flowers per panicle (559.42), percentage of perfect flowers per panicle (16.63) and sex ratio to perfect to male flowers (20.15) and yield parameters viz., number of fruits per tree (392.03), fruit weight (383.42 g), fruit yield per tree (150.32 kg) and fruit yield per hectare (15.03 t ha-1). The experiment concluded that Soil drenching of Paclobutrazol at the rate of 0.75 a.i. per canopy diameter along with Light pruning have better results than the control group.
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Introduction

“Mango (Mangifera indica L.), ‘King of Fruits’ which is the most popular fruit in the world particularly in India, it is considered as the best choice among the indigenous fruits. Global production of Mango is concentrated mainly in Asia and precisely in India. Mango is grown in 85 countries among which 63 countries produce more than 1000 metric tonnes in year. In India, mango is distributed throughout the length and breadth of country, except in hilly region at 900 meters above Mean Sea Level (MSL). India is the largest producer and consumer of mango in the world. The country produces about
50 varieties of mango in the world. The region wise popular varieties grown in different parts of the country comprise of ‘Alphonso’, ‘Kesar’ in western states, ‘Banganapalli’, ‘Totapuri’, ‘Neelum’ in southern states and ‘Langra’, ‘Chausa’ in northern states. As per the report of National Horticulture Board (2021-22), Tamil Nadu ranks 9th in Production with 639.64 tonnes and share of 3.15 %. Chemically induced manipulations in vegetative growth have been attempted in many fruit crops” (Sarkar and Rahim, 2012). “Among the chemicals suggested, paclobutrazol is considered as one of the important plant growth retardants which restricts vegetative growth and induce flowering in many fruit species including mango” (Yadav et al., 2005). “Paclobutrazol affects growth and development of the tree by regulating several physiological processes such as reduction of tree size by regulation of height and internodal length, reduced shoot length and increased shoot flushes per tree, reduction of leaf size and leaf area, production of darker leaves due to the increased synthesis of chlorophylls and enhanced yield by increased production of hermaphrodite flowers, more fruit set, increased accumulation of stored carbohydrates and enhanced source-sink balance for more fruit production. However, the efficacy of paclobutrazol varies with different crop species which mainly depends on the dosage of paclobutrazol, tree physiology and environmental conditions” (Meena et al., 2018). “Ethephon, plays a critical role in flower induction when sprayed as it is generated as ethylene to the plants. The “off” seasonality in mango is restricted to a few cultivars; this may be due to either genetic makeup or their adaptability to hot humid tropical environment. Cultivars like Neelum, Bangalora, Kalepad, Imampasand behaves naturally as “off” season bearer, producing flowers during August to September (off-season) and December to January (main season). Recommended dose of ethephon on mango flowering induction is upto 800 ppm” (Maloba et al., 2017). The technique of soil drenching is the process of supplying diluted products of chemicals directly to the base of the plant and has a slow impact because the chemicals applied require time for absorbed by the roots and to be transported to the other parts of the plants. 

Materials and Methods
The experiment was conducted was conducted at an orchard in Srinivasanallur Village in Kumbakonam town of Thanjavur district, Tamil Nadu during 2023-2024. Bangalora mango trees which are uniform in vigour and size of the age 20 years were selected to study the effects of Paclobutrazol and ethephon flowering and yield parameters. All the treatments were subjected to standard orchard management practices. The experiment is laid out in Randomized Block Design (RBD) with 9 treatments and 3 replications. Treatments like T1- Light Pruning and Soil drenching of Paclobutrazol @ 0.75 g active ingredient per canopy diameter, T2 – Light Pruning and Soil drenching of Paclobutrazol @ 1.0 g active ingredient per canopy diameter, T3 – Light Pruning and Soil drenching of Ethephon 400 ppm per canopy diameter, T4 – Light Pruning and Soil drenching of Ethephon 600 ppm per canopy diameter, T5 – Spraying of Paclobutrazol 0.75 g active ingredient, T6 – Spraying of Paclobutrazol 1.0 g active ingredient, T7 – Spraying of Ethephon 400 ppm, T8 – Spraying of Ethephon 600 ppm, T9 – Control (Light Pruning Without spray). The observations were recorded randomly by tagging at 5 different places and the following observations were recorded i.e. days taken for first flowering, Inflorescence Length (cm), Inflorescence Breadth (cm), Number of panicles per tree, Number of flowers per panicle, Number of male flowers per panicle, Number of perfect flowers per panicle, Percentage of perfect flowers, Sex Ratio of perfect to male flowers.
Results and Discussion
The data relating to days taken to first flowering, Number of panicles per tree, Number of flowers per panicle in Mango cv. Bangalora as influenced by Soil drenching and spraying of Paclobutrazol and Ethephon along with Light Pruning in Table 1.
The treatment T1 (Light Pruning and Soil drenching of Paclobutrazol @ 0.75 g a.i per canopy diameter) shows minimum days for first flowering (186.04). Application of paclobutrazol induces early flowering by reducing gibberellins level within the shoots which in turn results in early flowering than the control (Protacio et al., 2013; Sarker and Rahim, 2012; Burondkar and Gunjate, 1991). The hormonal activity of flowering in mango implies the cyclic synthesis of floral stimulus in leaves and the difference between the two cycles will determine the behaviour of flowering in different cultivars of mango and it is based on the cultivar’s characters (Kulkarni, 1988). The result depicted that the maximum number of panicles per tree (133.22) and number of flowers per panicle (3364.37) was observed in treatment T1 (light pruning and soil drenching of Paclobutrazol @ 0.75 g a.i. per canopy diameter). Application of paclobutrazol, which is a triazole compound, induces flower bud formation by lowering the gibberellin content in the shoot tip. Triazole compounds are anti-gibberellin compounds, which could alter the level of gibberellins in the shoot buds (Burondkar and Gujate, 1993) and they also indicated that the application of paclobutrazol increases the number of flowering shoots due to the low vegetative growth and higher reserves in the tree. The application of ethephon stimulates the floral differentiation of flowering buds in mango cv. Haden (Couto et al., 1996), which is similar to the results obtained by Silva et al. (2010). 

The treatment T1 (light pruning and soil drenching of paclobutrazol @ 0.75 g a.i per canopy diameter) recorded the maximum number of male flowers(2776.94), perfect flowers (559.42) and Sex ratio of perfect to male flowers (20.15).The increased C: N ratio, phenols, and soluble protein content during the flowering period could be due to higher reserves and cool weather conditions, which led to early and intense flowering in the treated trees. This might be due to the fact that Paclobutrazol is able to increase the total phenolic content of terminal buds and alter phloem to xylem ratio. This alteration is important in vegetative growth restricting and increasing flowering by assimilate partitioning and nutrient supply (Yeshitela et al., 2004). The interaction effect of different doses and times of application was significant in the total number of flowers. The number of Hermaphrodite flowers was obtained in September with the paclobutrazol dose of 0.75 g a.i. per canopy diameter. This is due to the observation of a higher accumulation of reserves in the shoots before flowering, as stated by Stassen and Vuuren (1996). The application of paclobutrazol two to three months before flower bud initiation causes an early reduction of gibberellin level within the shoots, which controls the flower emergence in November and the increase in the number of hermaphrodite flowers per panicle is due to lower translocation of tree reserves to the vegetative parameters and no assimilate limitations were observed consequently when compared with excessive vegetative growth on control trees. This is similar to the findings of Yeshitela et al., 2004 and Sarker and Rahim, 2012. 
The results of the present investigation revealed that the flowering attributing characters, viz., length of inflorescence (36.25 cm) and breadth of inflorescence (26.33 cm) was shown in Table 2 which were recorded maximum in light pruning and soil drenching of paclobutrazol @ 0.75 g a.i per canopy diameter. The increase in inflorescence length and breadth can be attributed to the cumulative effects of yield characteristics like number of fruits, fruit weight, length of fruit, and yield. Paclobutrazol could improve fruit yield and quality and accelerate flowering in different cultivars (Sarkar et al., 2018). This is due to the ability of paclobutrazol to increase the phenolics of terminal buds and alter the phloem to xylem ratio. This is important for restricting vegetative growth and increasing flowering by assimilate partitioning and supply of nutrients (Then et al., 2019).
Table 4 clearly shows that the maximum number of fruits (392.03) was recorded in treatment T1 (light pruning and soil drenching of Paclobutrazol at 0.75 g a.i. per canopy diameter), which is followed by T4 (light pruning and soil drenching of Ethephon at 600 ppm per canopy diameter), which is 369.05 numbers. These treatments have significant differences from different treatments and they are superior to the control (T1). Rajkumar et al. (2005) stated that the spraying of chemical inducive agents on mango trees increased the number of perfect flowers per panicle, fruit set percentage and improved all flowering and fruiting characters as well as the mango yield.
Experimental results revealed that the mean fruit weight is significantly increased over control in all the paclobutrazol and ethephon treated trees with different doses. Maximum average fruit weight (383.42 g) was recorded in soil drenching of paclobutrazol @ 0.75 g a.i. per canopy diameter with light pruning and the minimum average fruit weight (341.38 g) is recorded under control. The increased fruit weight in paclobutrazol-treated plants might be due to the increased rate of photosynthesis and an increase in chlorophyll content. 

Table 5 depicts that the application of 0.75 g a.i. of Paclobutrazol per canopy diameter with light pruning (T1) recorded the maximum yield of 150.32 kg per tree and also a maximum yield of 15.03 t ha​​-1. These results indicate that the treatments with higher concentrations of Paclobutrazol and Ethephon with soil drenching have higher fruit set at the pea stage, a higher fruit number and a higher total fruit weight per tree at the harvesting time. Tandel and Patel (2011) reported that the Paclobutrazol application will increase the number of fruits and total production per tree in different cultivars. Instead of improving the results, Kulkarni et al. (2006) stated that the application of paclobutrazol also increased the yield and quality of mango.
Table 1: Effect of Paclobutrazol and Ethephon on Days taken for First Flowering, Number of panicles per tree and Number of flowers per panicle in Mango       (Mangifera indica L.) cv. Bangalora
	Treatments
	Days taken for First Flowering
	Number of Panicles per tree
	Number of flowers per panicle

	T₁ -Light Pruning and Soil drenching of Paclobutrazol @ 0.75 g active ingredient per canopy diameter
	186.04
	133.22
	3364.37

	T2 -Light Pruning and Soil drenching of Paclobutrazol @ 1.0 g active ingredient per canopy diameter
	200.01
	115.62
	3052.28

	T3   -Light Pruning and Soil drenching of Ethephon 400 ppm per canopy diameter
	207.06
	106.28
	2896.82

	Т4 -Light Pruning and Soil drenching of Ethephon 600 ppm per canopy diameter
	193.02
	124.57
	3207.50

	Т5    -Spraying of Paclobutrazol 0.75 g       active
ingredient
	221.26
	87.52
	2578.41

	T6    -Spraying of Paclobutrazol 1.0 g active

Ingredient
	228.39
	81.64
	2416.88

	T7    -Spraying of Ethephon 400 ppm
	237.43
	74.61
	2254.39

	T8    -Spraying of Ethephon 600 ppm
	214.15
	98.74
	2738.50

	T9    -Light Pruning Without spray
	248.43
	65.18
	1987.54

	S.Ed
	3.32
	3.56
	68.08

	C.D at 5%
	6.93
	7.45
	142.30


Table 2: Effect of Paclobutrazol and Ethephon on Inflorescence Length (cm) and Inflorescence Breadth (cm) in Mango (Mangifera indica L.) cv. Bangalora
	Treatments
	Inflorescence Length (cm)
	Inflorescence Breadth (cm)

	T₁    -Light Pruning and Soil drenching of Paclobutrazol @ 0.75 g active ingredient per canopy diameter
	36.25
	26.33

	T2   -Light Pruning and Soil drenching of Paclobutrazol @ 1.0 g active ingredient per canopy diameter
	33.77
	24.17



	T3   -Light Pruning and Soil drenching of Ethephon 400 ppm per canopy diameter
	32.38
	23.01

	Т4  -Light Pruning and Soil drenching of Ethephon 600 ppm per canopy diameter
	35.13
	25.29

	Т5    -Spraying of Paclobutrazol 0.75 g       active 
ingredient 
	29.15
	20.58

	T6    -Spraying of Paclobutrazol 1.0 g active   

         ingredient
	27.39
	19.23

	T7    -Spraying of Ethephon 400 ppm
	26.01
	18.06

	T8    -Spraying of Ethephon 600 ppm
	31.04
	21.69

	T9    -Light Pruning Without spray
	24.35
	16.56

	S.Ed
	0.63
	0.12

	C.D at 5%
	1.32
	1.09


Table 3: Effect of Paclobutrazol and Ethephon on Number of male flowers per panicle, Number of perfect flowers per panicle and Sex ratio of perfect to male flowers in   Mango (Mangifera indica L.) cv. Bangalora 
	Treatments
	Number of Male Flowers per panicle
	Number of Perfect Flowers per panicle
	Sex ratio of Perfect to Male Flowers

	T₁ -Light Pruning and Soil drenching of Paclobutrazol @ 0.75 g active ingredient per canopy diameter
	2776.94
	559.42
	20.15

	T2 -Light Pruning and Soil drenching of Paclobutrazol @ 1.0 g active ingredient per canopy diameter
	2529.62
	477.87
	19.56

	T3   -Light Pruning and Soil drenching of Ethephon 400 ppm per canopy diameter
	2403.19
	436.22
	18.89

	Т4 -Light Pruning and Soil drenching of Ethephon 600 ppm per canopy diameter
	2653.97
	519.19
	18.15

	Т5    -Spraying of Paclobutrazol 0.75 g       active 
ingredient 
	2151.54
	348.34
	17.31

	T6    -Spraying of Paclobutrazol 1.0 g active   

         ingredient
	2026.56
	304.02
	16.19

	T7    -Spraying of Ethephon 400 ppm
	1902.97
	262.13
	15.01

	T8    -Spraying of Ethephon 600 ppm
	2275.32
	393.77
	13.77

	T9    -Light Pruning Without spray
	1775.55
	214.48
	12.08

	S.Ed
	50.31
	9.78
	0.21

	C.D at 5%
	105.15
	20.46
	0.43


Table 4: Effect of Paclobutrazol and Ethephon on Number of fruits per tree and Fruit weight (g) in Mango (Mangifera indica L.) cv. Bangalora
	Treatments
	Number of fruits per tree
	Fruit weight (g)

	T₁    -Light Pruning and Soil drenching of Paclobutrazol @ 0.75 g active ingredient per canopy diameter
	392.03
	383.42

	T2   -Light Pruning and Soil drenching of Paclobutrazol @ 1.0 g active ingredient per canopy diameter
	346.27
	374.44

	T3   -Light Pruning and Soil drenching of Ethephon 400 ppm per canopy diameter
	324.16
	369.70

	Т4  -Light Pruning and Soil drenching of Ethephon 600 ppm per canopy diameter
	369.05
	379.15

	Т5    -Spraying of Paclobutrazol 0.75 g       active 
ingredient 
	273.07
	359.51

	T6    -Spraying of Paclobutrazol 1.0 g active   

         ingredient
	246.72
	353.62

	T7    -Spraying of Ethephon 400 ppm
	220.29
	347.63

	T8    -Spraying of Ethephon 600 ppm
	301.05
	364.69

	T9    -Light Pruning Without spray
	195.43
	341.38

	S.Ed
	10.45
	2.23

	C.D at 5%
	21.84
	4.67


Table 5: Effect of Paclobutrazol and Ethephon on Fruit Yield (kg) per tree and Fruit yield (t ha​​-1) per hectare in Mango (Mangifera indica L.) cv. Bangalora
	Treatments
	Fruit yield (kg) per tree
	Fruit yield      ( t ha​​-1) per hectare


	T₁    -Light Pruning and Soil drenching of Paclobutrazol @ 0.75 g active ingredient per canopy diameter
	150.32
	15.03

	T2   -Light Pruning and Soil drenching of Paclobutrazol @ 1.0 g active ingredient per canopy diameter
	129.66
	12.97

	T3   -Light Pruning and Soil drenching of Ethephon 400 ppm per canopy diameter
	119.84
	11.98

	Т4  -Light Pruning and Soil drenching of Ethephon 600 ppm per canopy diameter
	139.93
	13.99

	Т5    -Spraying of Paclobutrazol 0.75 g       active 
ingredient 
	98.17
	9.82

	T6    -Spraying of Paclobutrazol 1.0 g active   

         ingredient
	87.25
	8.72

	T7    -Spraying of Ethephon 400 ppm
	76.58
	7.66

	T8    -Spraying of Ethephon 600 ppm
	109.79
	10.98

	T9    -Light Pruning Without spray
	66.72
	6.67

	S.Ed
	4.41
	0.41

	C.D at 5%
	9.18
	0.92


Conclusion

Overall, the study provides insights into the impact of paclobutrazol on mango has significant effect in mango flowering parameters viz., days taken for first flowering, number of panicles per tree, number of flowers per panicle, inflorescence length and breadth, number of hermaphrodite flowers, perfect flowers per panicle and sex ratio to perfect and male flowers and yield parameters viz., number of fruits per tree, fruit weight, fruit yield per tree and fruit yield per hectare. It can be concluded that the application of treatment T1 (Light Pruning and Soil drenching of Paclobutrazol @ 0.75 g a.i per canopy diameter) was found to be the best treatment in terms of off-season flowering.
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