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Abstract   

Mango (Mangifera indica L.) is a globally significant tropical fruit, with India being 

the largest producer. Despite its economic importance, off-season mango 

production remains challenging due to the critical role of environmental factors 

on floral induction. This study investigates the thermal influence on floral 

initiation in two mango cultivars, Ratna and Bangalora, grown under the Ultra 

High-Density Planting (UHDP) system at Jain Irrigation Systems Limited Farms, 

Udumalpet, from 2022 to 2024. The study comprises the evaluation of flowering 

responses under both regular and off-season conditions. The experiment 

followed a randomized complete block design (RCBD) with three replications per 

cultivar, comprising 72 trees (36 per cultivar). Temperature thresholds for floral 

induction were determined using logistic regression models and the probability 

of flowering was analysed in relation to temperature integration periods. Results 

indicated cultivar-specific differences in temperature sensitivity. During the off-

season, Bangalora exhibited 50 % flowering at a minimum temperature of 24.8 °

C (95 % CI: 23.5 °C–26.0 °C) and a maximum of 35.5 °C (95 % CI: 34.0°C-37.0 °C). In 

contrast, Ratna required lower temperatures, with 50 % flowering occurring at a 

minimum of 21.3 °C (95 % CI: 20.5 °C-22.2 °C) and a maximum of 31.2 °C (95 % CI: 

30.2°C-32.5 °C). During the regular season, optimal flowering temperatures were 

slightly lower, suggesting naturally favourable conditions. Findings confirm that 

temperature exposure and integration periods significantly affect floral 

induction, emphasizing the potential for controlled temperature management to 

optimize off-season production. These results provide critical insights into 

mango flowering physiology. It plays a crucial role in developing practical 

guidelines for farmers to regulate temperatures based on specific cultivars, 

ensuring year-round mango availability. 
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Introduction   

Mango (Mangifera indica L.), a member of the family Anacardiaceae and order 
Sapindales, is one of the most economically and nutritionally significant tropical 

fruits (1). It is commonly referred to as the "King of Fruits" and is known for its 
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rich flavor, aroma and health benefits. Mango trees typically 

grow between 10 to 35 m in height with a dome-shaped 

canopy (2). The leaves are simple, alternate and leathery, 

while the small, yellowish-green flowers are borne on terminal 

panicles. The fruit is a drupe, exhibiting significant variability in 

size, shape and flavor, depending on the cultivar. Mango trees 

produce three types of shoots: vegetative, generative (flower-

bearing) and mixed shoots. The reproductive phase is strongly 

influenced by environmental factors, such as temperature and 

water availability (3, 4). 

 India is the world’s largest mango producer, 

contributing to approximately 45 % of global production, with 

key growing regions in Tamil Nadu, Andhra Pradesh, Uttra 

Pradesh, Gujarat and Maharashtra. Despite this dominance, as 

of 2023, India's average mango yield is approximately 9.7 

tonnes per hectare, which is below the global average of 12 

tonnes per hectare, which is attributed primarily to climatic 

challenges and limited advancements in agronomic practices. 

Globally, mango production reached 55.4 million metric tons 

in 2023, with projected growth driven by increasing demand 

and advancements in cultivation technologies (5). Recent 

studies have highlighted the potential of adopting innovative 

farming systems, such as integrated crop management and 

precision farming, to improve productivity (6). 

 Off-season mango production holds immense 

potential to meet market demands and stabilize prices by 

increasing availability throughout the year (7). Varieties such 

as ‘Ratna’ and ‘Bangalora’ show promise for off-season 

production due to their adaptability and favorable flowering 

characteristics.  Ratna, a hybrid of Neelum and Alphonso, is 

valued for its high pulp content, excellent taste and disease 

resistance.  Bangalora, widely cultivated in southern India, is 

known for its high yield, extended shelf life and adaptability to 

various climatic conditions (2). The flowering and fruiting 

behavior of these varieties under controlled environmental 

conditions can unlock their potential for off-season 

production (8). 

 Despite the importance of mango as a tropical fruit, 

research on its off-season production remains underexplored, 

especially for varieties such as Ratna and Bangalora. Few 

studies have examined the critical role of environmental 

factors such as temperature, photoperiod and humidity in 

influencing flowering and fruiting behaviors (9). Furthermore, 

most research has focused on mainstream varieties such as 

Alphonso and Kensington Pride, leaving significant gaps in 

understanding the performance of other important cultivars 

under off-season production systems (10). 

 This research aims to address these gaps by 

investigating the flowering and fruiting behavior of Ratna and 

Bangalora under controlled conditions. Specifically, this study 

seeks to (i) identify critical environmental triggers, such as 

temperature and humidity, for off-season flowering; (ii) 

evaluate the adaptability of these varieties to off-season 

production in different agroclimatic zones; and (iii) develop 

practical recommendations for farmers to achieve sustainable 

year-round mango production. By bridging this knowledge 

gap, the findings will enhance mango productivity, improve 

farmer incomes and meet the rising consumer demand for off-

season fruits. 

Materials and Methods 

The experiment was conducted from 2022 to 2024 on nine-

year-old mango trees (Ratna and Bangalora) maintained 

under the ultra-high-density planting (UHDP) system at Jain 

Irrigation Systems Limited Farms, Udumalpet. The selected 

trees, which were uniform in size, were spaced 3 × 2 m apart. 

The experimental site is situated at an altitude of 1208 feet 

above mean sea level (MSL) and receives an average annual 

rainfall of 501.40 mm. The region experiences an average 

maximum temperature of 33.58 °C, a minimum temperature 

of 21.08 °C and a relative humidity of 71 %. The soil comprises 

black and red soils, with a pH of 6.56 and an electrical 

conductivity of 0.051 dSm-1.  

 The study was conducted over two seasons (regular 
and off-season), which followed a randomized complete block 

design (RCBD) with three replications, each consisting of 

twelve trees per replication and a total of 72 trees (36 per 

cultivar). Tip pruning, involving the removal of the last growth 

unit from all terminals, was performed between December 

and January to delay natural flowering and induce off-season 

production. Twenty shoots per tree were tagged across four 

sections of the canopy, with 720 branches per cultivar 

monitored for growth and flowering responses. Paclobutrazol 

was applied through soil application at the recommended rate 

of 4 mL per tree in the first week of June. Three months after 

the paclobutrazol application, flower bud initiation and 

differentiation were monitored. Standard agronomic 

practices, including fertigation, pest management and drip 

irrigation, were followed throughout the study. Meteorological 

data were collected daily, including daily maximum and 

minimum temperatures, sunshine hours, humidity and 

rainfall, which were continuously recorded at the Jain 

Irrigation Systems Limited meteorological observatory. 

 Vegetative shoot growth was measured weekly after 

pruning, whereas flower bud differentiation was assessed by 

visual observation after the completion of vegetative growth.  

Shoots reached lengths of 1-40 mm based on a constant 

elongation rate between successive observations. The 

temperature integration periods were calculated from 1 to 40 

days, centered on the day the buds reached their respective 

lengths. The floral response was recorded as binary data 

categorized as either flowered (1) or vegetative (0). Shoots 

were classified as floral if they developed floral structures at 

any stage, from bud initiation to full panicle formation. 

 Panicle emergence was assessed at five-day intervals 

following initial bud emergence. To evaluate physiological 

changes, carbohydrate and nitrogen contents in the leaves 

were analyzed using the KEL PLUS Yellow Nitrogen Distillation 

Apparatus at regular intervals. Fully developed middle leaves 

from tagged shoots were collected for biochemical and 

hormonal analysis throughout the observation period. A 

generalized linear model (GLM) with logistic regression was 

used to estimate the probability of flowering based on 

maximum and minimum temperature variations by using R 

software (version 4.4.3). The model incorporated temperature 

as a predictor variable, with confidence intervals (95 % CI) 

estimated to determine the threshold at which 50 % of 

terminals flowered, all statistical analyses were performed 

using R software.  
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Results and Discussion  

The number of inductive days, bud length and temperature 

integration periods varied across seasons. The detailed 

cultivar-specific data are presented in Table 1. The 

temperature response serves as a key indicator of the 

conditions necessary for floral induction, influencing bud 

development and panicle emergence. These results suggest 

that temperature exposure duration and bud length 

requirement for floral induction vary between cultivars. The 

shortest observed inductive period was 20 days, whereas the 

longest extended to 37 days. Similarly, the bud length at which 

floral induction occurred ranged from 5 mm to 20 mm. 

 The floral response varied between cultivars and 
seasons, with differences in the proportion of terminals that 

flowered and the probability of 50 % floral induction at 

different temperatures. The models for Bangalora and Ratna 

indicated a clear association between temperature and 

flowering probability. The influence of cool temperatures on 

promoting floral induction in mangoes growing in subtropical 

regions is well understood (11). Additionally, temperature 

fluctuations have been reported to be critical regulators of 

floral initiation in mango (12, 13). 

 For off-season fruit production, the ‘Bangalora’ variety 
presented the highest proportion of flowering (76.25 %), with 

an inductive period of 76.04 days, a maximum temperature 

integration period of 25 days and a minimum of 32 days. The 

probability of 50 % flowering occurs at a minimum 

temperature of approximately 24.8 °C, with a 95 % CI ranging 

from 23.5 °C to 26.0 °C. The maximum temperature threshold 

is approximately 35.5 °C, with a 95 % CI between 34.0 °C and 

37.0 °C. Flowering in the ‘Bangalora’ variety significantly 

decreases below 24.8 °C for minimum temperature and above 

35.5 °C for maximum temperature. The confidence intervals 

highlight the variability in these thresholds. Similarly, for 

‘Ratna’, 50 % of the flowering occurred at a minimum 

temperature of approximately 21.3 °C, with a 95 % CI ranging 

from 20.5 °C to 22.2 °C. The intersection of the red curve occurs 

at a maximum temperature of approximately 31.2 °C, with a 95 

% CI ranging from 30.2 °C to 32.5 °C. The graph indicates that 

flowering decreases significantly below 21.3°C for minimum 

temperatures and above 31.2 °C for maximum temperatures, 

suggesting that these are critical thresholds for optimal 

flowering. 

 Similar variations in flowering response have been 

observed in litchi and citrus, where genetic differences affect 

temperature sensitivity (14-16). These findings support the 

cultivar-specific responses noted in this study. Moreover, 

cooler temperatures during the tropical dry season promote 

floral induction in mango (17). which aligns with the seasonal 

variations observed in our results. 

 During the regular season, both cultivars presented a 

greater floral response. ‘Bangalora’ presented 87.04 % 

flowering, with an inductive period of 77.32 days. The 

minimum temperature for 50 % flowering was approximately 

23.7 °C, with a 95 % confidence interval ranging from 22.5 °C to 

25.0 °C. For the maximum temperature, the 50 % flowering 

threshold was observed at approximately 33.6 °C, with a 95 % 

CI between 32.0 °C and 35.0 °C. Similarly, Ratna’ presented a 

50 % flowering threshold at approximately 23.5 °C, with a 95 % 

confidence interval ranging from 22.5 °C to 25.0 °C. For the 

maximum temperature, the 50 % flowering threshold 

occurred at approximately 34.5 °C, with a 95 % CI between 

33.0 °C and 36.0 °C. These confidence intervals reflect the 

possible range of variation in the flowering response to 

temperature changes. 

 Genetic variation resulting from natural hybridization 

and breeding contributes to cultivar-specific differences in 

flowering responses to temperature, which can be leveraged 

for optimizing mango production (18). The genetic variation 

between ‘Bangalora’ and ‘Ratna’ is likely to contribute to their 

distinct temperature thresholds for floral induction, as 

observed in our study. Additionally, temperature integration 

periods play a crucial role in determining the floral response, 

with prolonged exposure to favorable temperatures 

increasing the probability of flowering (8). 

 Fig. 1 & 2 (Proportion of flowering vs Temperature) 

illustrate the flowering response of the ‘Bangalora’ and ‘Ratna’ 

mango cultivars to temperature variations across both the off-

season and regular seasons. Fig. 1 shows that Bangalora 

achieves 50 % flowering at a minimum temperature of 

approximately 24.8 °C and a maximum temperature of 35.5 °C, 

whereas Ratna reaches 50 % flowering at a lower minimum 

temperature of 21.3 °C and a maximum of 31.2 °C. These 

results indicate that Bangalora requires relatively high-

temperature conditions for optimal flowering, whereas Ratna 

exhibits a flowering response at relatively low temperatures. 

These findings align with previous research suggesting that 

floral induction in mango is significantly influenced by 

temperature variations, with lower temperatures playing a 

crucial role in promoting flowering (8). Additionally, the 

diversity in flowering sensitivity across mango cultivars 

supports the cultivar-specific differences observed in the 

present study (14, 15). 

 Fig. 2 depicts the regular flowering season and shows a 

shift in the optimal temperature thresholds for both cultivars. 

Bangalora exhibited 50 % flowering at a minimum 

season Cultivar 
Inductive days 

(May - Aug) /          
(Oct - Dec) 

Terminals 
flowered (%) 

Index temperature and 
integration period 

Bud length (mm) 

Temperature for the 
probability of 50% 
flowered terminals 

(95% CI range) 

Off-season 

Bangalora 76.04 76.25 
Maximum (25 days) 15 mm 31.2 (30.2, 32.5) 
Minimum (32 days) 20mm 21.3 (20.5,22.2) 

Ratna 79.41 70.83 
Maximum (20 days) 5 mm 35.5 (34.0,37.0) 

Minimum (30 days) 15 mm 24.8 (23.6,26.0) 

Regular season 

Bangalora 77.32 87.04 
Maximum (29 days) 20mm 23.70 (22.5,25.0) 

Minimum (35 days) 20mm 33.60 (32.0,35.0) 

Ratna 80.12 89.28 
Maximum (24 days) 10mm 23.50 (22.5,25.0) 
Minimum (37 days) 15mm 34.5 (33.0,36.0) 

Table 1. Floral response to maximum and minimum temperature for regular and off-season mango production 
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temperature of 23.5 °C and a maximum of 34.5 °C, whereas 

Ratna reached this threshold at 23.7 °C and 33.6 °C. The slightly 

lower temperature requirements for flowering during the 

regular season suggest that naturally occurring environmental 

conditions are more favorable for induction than the off-season 

scenario is. These trends corroborate earlier findings that 

seasonal variations significantly impact floral initiation in 

mango (16). Moreover, the influence of cool temperatures in 

subtropical regions has been well documented, emphasizing 

the role of chilling in floral induction. 

 The observed differences between the two seasons 

highlight the role of temperature integration periods in 

determining flowering success. These results reinforce the 

hypothesis that mango cultivars exhibit varied flowering 

responses due to their genetic composition and adaptation to 

climatic conditions (18). The confidence intervals depicted in 

the graphs further emphasize the variability in floral response, 

indicating that slight deviations in temperature can lead to 

significant changes in flowering proportions. These findings 

reinforce the importance of temperature thresholds in mango 

floral induction, highlighting the potential for strategic 

temperature management and agronomic interventions to 

optimize off-season production. 

 

Conclusion 

This study highlights the critical role of temperature in 

regulating mango flowering, particularly under off-season 

conditions. The findings demonstrate that cultivar-specific 

temperature thresholds significantly influence floral induction, 

with ‘Bangalora’ requiring higher temperatures compared to 

‘Ratna.’ These insights can help farmers adopt climate-

resilient practices by implementing temperature management 

strategies, such as integrating microclimate modification 

techniques to optimize flowering. By leveraging these findings, 

growers can enhance off-season mango production, ensuring 

a more stable and predictable yield. Ultimately, this research 

contributes to the development of precision agriculture 

approaches for mango cultivation, promoting year-round 

availability and improved economic returns for farmers. 

 Future research could focus on validating these results 

across different agroclimatic regions to refine temperature-

based flowering models. Ultimately, this research contributes 

to the development of precision agriculture approaches for 

mango cultivation, promoting year-round availability and 

improved economic returns for farmers. 
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Fig. 1. The proportion of flowering buds as predicted by generalized linear model for off-season fruit production for Ratna and Bangalora.  

Fig. 2. The proportion of flowering buds as predicted by generalised linear model for regular season fruit production for Ratna and Bangalora.  

https://plantsciencetoday.online


5 

Plant Science Today, ISSN 2348-1900 (online) 

 

References   

1. Wang P, Luo Y, Huang J, Gao S, Zhu G, Dang Z et al. The genome 
evolution and domestication of tropical fruit mango. Genome 

Biol. 2020;21(1):60. https://doi.org/10.1186/s13059-020-01959-8  

2. Kishore K, Singh HS, Kurian R, Petikam S, Mandal S, Samant D. 
Performance of mango varieties in eastern coastal region of India. 

2014. https://doi.org/10.5958/0976-1926.2015.00038.8  

3. Davenport TL. Reproductive physiology of mango. Brazilian 
Journal of Plant Physiology. 2007;19:363–76. https://

doi.org/10.1590/S1677-04202007000400007  

4. Rastegar S, Khankahdani HH, Rahimzadeh M. Effects of melatonin 
treatment on the biochemical changes and antioxidant enzyme 

activity of mango fruit during storage. Sci Hortic. 
2020;259:108835. https://doi.org/10.1016/j.scienta.2019.108835  

5. Food and Agriculture Organization (FAO. FAOSTAT. 2020). Mango 
production statistics.  

6. Nguyen TT, Kato M, Ma G, Zhang L, Uthairatanakij A, Srilaong V 
et al. Electron beam radiation delayed the disassembly of cell 

wall polysaccharides in harvested mangoes. Postharvest Biol 
Technol. 2021;178:111544. https://doi.org/10.1016/

j.postharvbio.2021.111544 

7. Indian Council of Agricultural Research (ICAR). Indian 
Horticulture. Off-season mango production in Tamil Nadu.  

8. Luo C, Yu HX, Fan Y, Zhang XJ, He XH. Research advance on the 

flowering mechanism of mango. In: XII International Mango 
Symposium 1244. 2017. p. 17–22. https://doi.org/10.17660/

ActaHortic.2019.1244.2  

9. Sravani V. Effect of climate change on major tropical and sub-
tropical fruit crops. J Pharmacogn Phytochem. 2020;9(6):1710–12.  

10. Sarkhosh A, McConchie C, Khadivi A. The effects of different tip-

pruning times on flowering, yield and maturity of two mango 
cultivars in subtropical climate of Northern Territory (Katherine 

region) from Australia. Sci Hortic. 2018;234:140–5. https://
doi.org/10.1016/j.scienta.2018.02.039  

11. Ramírez F, Davenport T. Mango (Mangifera indica L.) flowering 

physiology. Sci Hortic. 2010;126:65–72. https://doi.org/10.1016/
j.scienta.2010.06.024  

12. Sukhvibul N, Whiley AW, Smith MK, Hetherington SE, Vithanage V. 
Effect of temperature on inflorescence and floral development in 

four mango (Mangifera indica L.) cultivars. Sci Hortic. 1999;82(1–

2):67–84. https://doi.org/10.1016/S0304-4238(99)00041-2  

13. Guirado E, Farré JM, Hermoso JM. mango cultivar studies in 
southern mainland spain. Acta Hortic. 2009;127–32. https://

doi.org/10.17660/ActaHortic.2009.820.11  

14. Whiley AW, Rasmussen TS, Saranah JB, Wolstenholme BN. Effect 
of temperature on growth, dry matter production and starch 
accumulation in ten mango (Mangifera indica L.) cultivars. Journal 

of Horticultural Science. 1989;64(6):753–65. https://

doi.org/10.1080/14620316.1989.11516018  

15. Menzel CM, Simpson DR. Effect of temperature on growth and 
flowering of litchi (Litchi chinensis Sonn.) cultivars. Journal of 

Horticultural Science. 1988;63(2):349–60. https://
doi.org/10.1080/14620316.1988.11515869  

16. Valiente JI, Albrigo LG. Flower bud induction of sweet orange 
trees [Citrus sinensis (L.) Osbeck]: effect of low temperatures, crop 

load and bud age. Journal of the American Society for 

Horticultural Science. 2004;129(2):158–64. https://
doi.org/10.21273/JASHS.129.2.0158  

17. Shivashankar KS and GA and RV and SRV and RK. Cultivar specific 

biochemical responses associated with chilling tolerance in 
mango fruits (Mangifera indica L.). Eur J Hortic Sci. 2023.  

18. Ravishankar K V, Bommisetty P, Bajpai A, Srivastava N, Mani BH, 
Vasugi C et al. Genetic diversity and population structure analysis 

of mango (Mangifera indica) cultivars assessed by microsatellite 

markers. Trees. 2015;29(3):775–83. https://doi.org/10.1007/
s00468-015-1155-x 

https://doi.org/10.1186/s13059-020-01959-8
https://doi.org/10.5958/0976-1926.2015.00038.8
https://doi.org/10.1590/S1677-04202007000400007
https://doi.org/10.1590/S1677-04202007000400007
https://doi.org/10.1016/j.scienta.2019.108835
https://doi.org/10.1016/j.postharvbio.2021.111544
https://doi.org/10.1016/j.postharvbio.2021.111544
https://doi.org/10.17660/ActaHortic.2019.1244.2
https://doi.org/10.17660/ActaHortic.2019.1244.2
https://doi.org/10.1016/j.scienta.2018.02.039
https://doi.org/10.1016/j.scienta.2018.02.039
https://doi.org/10.1016/j.scienta.2010.06.024
https://doi.org/10.1016/j.scienta.2010.06.024
https://doi.org/10.1016/S0304-4238(99)00041-2
https://doi.org/10.17660/ActaHortic.2009.820.11
https://doi.org/10.17660/ActaHortic.2009.820.11
https://doi.org/10.1080/14620316.1989.11516018
https://doi.org/10.1080/14620316.1989.11516018
https://doi.org/10.1080/14620316.1988.11515869
https://doi.org/10.1080/14620316.1988.11515869
https://doi.org/10.21273/JASHS.129.2.0158
https://doi.org/10.21273/JASHS.129.2.0158
https://doi.org/10.1007/s00468-015-1155-x
https://doi.org/10.1007/s00468-015-1155-x

