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Abstract

The present study was conducted in Jain Irrigation System LTD from 2023 to 2024 to find the flower bud differentiation (FBD) process in
ultra-high-density planting (UHDP) systems for off-season mango production using cv: Ratna and Bangalora and the associated
morphological and biochemical changes under specific agro-climatic conditions. Observations were taken from August 10, 2023, to
analyse FBD phases and their associated physiological changes. The process of fruit bud initiation began on August 20%" in all cultivars.
From August 20t to December 14, the initiation and differentiation of fruit buds showed a progressive increase, with the highest number
of fruit buds undergoing differentiation during this period. The differentiation process continued further, with the buds reaching an
advanced stage of development by December 19t. Five distinct stages of FBD were recognised during the current study. The initiation of
FBD was started in the second week of August, reaching its peak by the second week of December and concluding by the third week of
December. During the progression of FBD, a significant increase in the total carbohydrate fraction (%) and C/N ratio was recorded, with the
C/N ratio peaking at the maximum differentiation stage. Conversely, the total nitrogen fraction (%) exhibited a consistent decline,
reaching its lowest at the peak FBD stage. The findings provide critical insights into optimizing UHDP practices for enhancing off-season
mango flowering and production in the selected cultivars.
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below its potential. This decline has been mostly caused by
many issues, including poor soil quality, insufficient nutrient
management and subpar water management techniques.
Mango flowering marks a critical physiological event that
signals the onset of fruit production (5). In tropical conditions,
flowering is impacted by the age of the last vegetative flush in
addition to climatic and internal factors. In mango, the
flowering process involves several phases, including the
initiation of shoots, differentiation of the apical bud into floral
structures, emergence of panicles, elongation of inflorescences
and eventual opening of flowers (6). This complex progression
is governed by a combination of external environmental
conditions and internal factors, such as the regulation of
specific hormones and genes (7, 8). The timing of Flower Bud
Differentiation (FBD) generally varies based on geographic

Introduction

The mango (Mangiferaindica L) is widely regarded as one of
the world's most delicious tropical fruits. It originates from
Southeast Asia, specifically the Indo-Burma region in the
Himalayan foothills (1). Mango trees are robust, able to thrive
in a variety of soil types, require relatively little maintenance
and are also known for their capacity to adapt to a wide range
of climatic conditions. Mango ranks prominently among the
world's top five most economically valuable fruit species (2). It
is the second most consumed fruit globally, accounting for 28.2
% of total fruit consumption, following bananas at 29.4 %.
Moreover, mango serves as the primary commercial fruit crop
in India (3).

India contributes approximately 64 % of the world's

total mango production, with other major producers including
Mexico, Pakistan, Brazil, Philippines and Thailand. The country
boasts an extensive repository of mango germplasm,
encompassing over 1000 varieties cultivated nationwide (4).
Despite this diversity, India's mango productivity remains

location, ranging from mid-August to mid-November (9, 10).
The interaction between environmental factors, carbohydrate
levels and developmental phases, particularly under varying
climatic conditions (11).
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Research indicates that an increase in total
carbohydrate concentration, particularly starch, along with a
high carbon-to-nitrogen (C/N) ratio, is commonly observed in
the shoots of biennial mango varieties during FBD. The
biochemical composition of mango shoots plays a pivotal role
in triggering floral stimuli at the bud break stage. The maturity
of terminal shoots and the accumulation of carbohydrates in
the leaves and shoot apices are closely associated with the
synthesis of floral stimuli in mango trees (12). Variations in the
timing of FBD across different mango varieties and locations
are attributed to prevailing temperature conditions, plant
physiological and biochemical traits and cultural practices
adopted before FBD initiation (13). Carbohydrate-nitrogen
relations are so intimately associated with vegetative and
reproductive performance that the various means that are
effective in controlling carbohydrate-nitrogen relations
become matters of practical interest. Understanding the
factors influencing mango flowering, including the
physiological, biochemical and environmental determinants, is
essential for optimizing productivity.

This research aims to explore the flower bud
differentiation (FBD) in mango cultivars under an ultra-high-
density planting (UHDP) system that follows a distinct
physiological and biochemical pattern, which can be optimized
to enhance off-season flowering and yield. The study assumes
that FBD initiation and progression are influenced by
carbohydrate accumulation, C/N ratio dynamics and nitrogen
levels, with peak differentiation aligning with the maximum C/
N ratio. It also postulates that UHDP alters microclimatic
conditions and resource allocation, impacting FBD compared
to conventional systems. Additionally, soil fertility, nutrient
application and irrigation management are expected to play a
crucial role in regulating FBD, while cultivar-specific responses
may vary due to genetic and physiological differences. These
insights aim to refine UHDP practices for improved mango
productivity.

Material and Methods

An experiment was conducted on nine-year-old mango trees of
cv. Ratna and Bangalora under the Ultra High-Density Planting
(UHDP) system at Jain Irrigation Systems Limited Farms,
Udumalpet, Tamil Nadu, India, for three consecutive years from
2022 to 2024. The study was carried out on uniform-sized trees
spaced at 3 x 2 m. The experimental site, located at an altitude of
1208 feet above Meansea Level (MSL), experiences a mean
annual rainfall of 501.40 mm and is surrounded by the Western
Ghats on three sides. The average maximum temperature of the
study area is 33.58 °C, the average minimum temperature is
21.08 °C and the average relative humidity is 70.83 %. The soil
types in the region are black and red, with a pH of 6.56 and an
electrical conductivity of 0.051 mS/cm.

In the experimental plot, trees and branches were
earmarked for observation. Flower bud differentiation (FBD)
was recorded from twenty tagged shoots distributed across all
four quarters of the canopy and observed in thirty-six trees,
with three replications for each variety. Before applying
paclobutrazol for flower induction, various field maintenance
tasks were performed. Initially, the shoot tips of branches were
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pruned using secateurs to skip the regular flowering season
and to promote lateral vegetative bud growth for off-season
flowering under the UHDP system. Additional maintenance
practices, including fertigation, pesticide application and
irrigation through drip systems, were carried out as per the
recommended package of practices by Jain irrigation Systems
LTD. Meteorological data, such as daily maximum and
minimum temperatures, sunshine hours, humidity and rainfall,
were recorded at the Jain Irrigation Systems Limited
meteorological observatory throughout the study period.

Observations were recorded three months after the
application of paclobutrazol, tracking the progression from the
initiation of flower buds to their differentiation. The number of
shoots that emerged with flowering was estimated based on the
emergence of flower panicles in 20 tagged shoots per tree.
Panicle emergence observations were taken at five-day intervals
from the first flower bud emergence. Additionally, the
carbohydrate and nitrogen content in leaves was estimated at
the same intervals. Fully mature middle leaves from the tagged
shoots were sampled for biochemical and hormonal analyses.
To study FBD, buds were categorized into five specific floral
stages (0, I, II, Ill, IV). The proportion of floral differentiation at any
given point was determined using 20 observations per tree. FBD
was deemed to have begun when over 60 % of the observed
buds advanced past Stage Il. The flattening of meristematic
tissue at the bud's apex marked the commencement of flower
bud differentiation. Recorded observations included the timing
of FBD, total carbohydrate content (%) and total nitrogen
content (%) in flower buds undergoing differentiation. The
analysis of carbon and nitrogen content was performed using
the KEL PLUS Yellow Nitrogen Distillation Apparatus, ensuring
precise measurement and accurate assessment of biochemical
changes during the differentiation process. Randomized Block
Design (RBD) was employed for the experimental layout to
ensure precise treatment comparisons. The collected data were
analyzed using R software (version 4.4.3), facilitating
comprehensive statistical analyses and providing in-depth
insights into the observed variations and trends.

Results and Discussion

The maturity of the terminal shoots and the accumulation of
carbohydrates, nitrogen and the C/N ratio were closely
associated with Flower Bud Differentiation (FBD) in mango. The
relationship between Flower Bud Differentiation (FBD),
carbohydrate accumulation, nitrogen content and the C/N ratio
showed significant patterns. The initiation and differentiation of
flower buds are significantly influenced by the accumulation of
carbohydrates and nitrogen content in leaves. Starch serves as
the primary carbohydrate reserve and is stored in the
chloroplasts of photosynthetically active leaves. A study
examining the interaction between carbohydrate levels and the
expression of flowering-related genes (FT, LFY and AP1) in regular
and alternate-bearing mango cultivars during the flowering
stage emphasized the critical role of the carbon-to-nitrogen (C/N)
ratio in fruit crops (14). An elevated C/N ratio is associated with
improved fruit bud development and differentiation, leading to
greater flowering and yield, whereas a lower ratio tends to
promote vegetative growth instead (15, 16).
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In Table 1, the carbohydrate content increased
progressively until mid-September, coinciding with the initiation
of FBD in both the Bangalora and Ratna cultivars. The maximum
carbohydrate content was recorded on 14" September in Ratna
(14.5 %) and on 9™ September in Bangalora (14. 2 %), correlating
with FBD percentages of 50 % and 35 %, respectively, indicating
a close link between carbohydrate levels and floral induction.
The significance of the C/N ratio is that a higher C/N ratio is
essential for bud differentiation and is influenced by
environmental and cultural practices as well (17).

Nitrogen content showed variability, with peaks
observed earlier in the season. In Bangalora, nitrogen content
reached a maximum of 1.44 % on 30" August, corresponding to
25 % FBD, while in Ratna, it peaked at 1.45 % on 25" August,
aligning with 20 % FBD. This suggests that nitrogen content plays
a critical role during the initial stages of shoot maturity before
carbohydrate domination takes over for floral induction. The C/N
ratio showed a progressive increase, reaching its highest values
during the peak floral induction period. In Bangalora, the C/N
ratio peaked at 11.7 on 9" September, while in Ratna, it reached
11.5 on 19" September. These higher C/N ratios support the
hypothesis that elevated carbohydrate levels relative to nitrogen

are essential for the synthesis of floral stimuli (18).

A decline in carbohydrate levels was observed after mid-
September, likely due to their conversion into soluble
carbohydrates for flower and fruit development. By 15"
December, the lowest carbohydrate levels were recorded in both
cultivars, with Bangalora at 11.2 % and Ratna at 11.8 %,
reflecting their utilization during the flowering process. These
observations highlight the dynamic interplay of carbohydrates,
nitrogen and the C/N ratio during floral induction, with variations
influenced by genetic differences and environmental factors.

The percentage of FBD showed a strong positive
correlation with carbohydrate content (r > 0.8) for both cultivars,
suggesting that carbohydrate accumulation is essential during
the process of flowering. In Fig. 1, a negative correlation between
FBD percent and nitrogen content (r < -0.6) indicates a shift in
metabolic priorities as flowering progresses, with nitrogen being
reallocated to support flowering rather than vegetative growth.
In Table 2, the Carbon/Nitrogen (C/N) ratio positively correlated
with FBD percent, highlighting the importance of carbohydrate
dominance in advanced flowering stages. FBD percent positively
correlated with stage IV proportions (r > 0.7), emphasizing higher

Table 1. Total carbohydrate fraction, total nitrogen fraction and C/N ratio in twigs of Bangalora and Ratna

Bangalora Ratna
Date of Sampling FBD%  Carbohydrate%  Nitrogen% C/NRatio FBD % Carbohydrate % Nitrogen % C/N Ratio
10-08-2023 0 10.7 1.24 8.6 0 10.2 1.24 8.2
15-08-2023 0 111 131 8.5 0 10.7 1.32 8.1
20-08-2023 15 12.3 1.37 9.0 10 11.6 1.38 8.4
25-08-2023 25 12.6 1.23 10.2 20 11.9 1.45 8.2
30-08-2023 25 13.5 1.44 9.4 20 12.4 1.42 8.7
04-09-2023 35 14.2 142 10.0 35 12.8 141 9.1
09-09-2023 35 14.2 1.21 11.7 40 13.5 1.37 9.9
14-09-2023 50 13.2 131 10.1 55 14.5 1.42 10.2
19-09-2023 50 13.8 1.35 10.2 55 14.6 1.27 115
24-09-2023 65 13.2 1.11 11.9 65 13.9 1.39 10.0
29-09-2023 70 12.9 1.33 9.7 70 13.2 1.17 11.3
04-10-2023 75 12.7 1.15 11.0 85 12.8 1.21 10.6
09-10-2023 90 11.9 1.14 10.4 90 12.4 1.18 10.5
14-10-2023 100 11.2 1.11 10.1 100 11.8 1.14 10.4
19-10-2023 100 11.8 1.17 10.1 100 11.2 1.11 10.1
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Fig. 1. Correlation analysis of the C/N ratio and its components with flower bud differentiation in mango cultivars (A: Ratna, B: Bangalora).
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Table 2. Flower bud differentiation stages and its development in Bangalora and Ratna

Date of sampling Bangalora Ratna

0 | Il 1] \') 0 | Il ]| v

10-08-2023 20 - - - - 20 - - - -
15-08-2023 20 - - - - 20 - - - -
20-08-2023 17 3 - - - 18 2 - - -
25-08-2023 15 5 - - 16 3 1 - -
30-08-2023 15 2 3 - - 15 3 2 - -
04-09-2023 13 3 3 1 - 15 3 1 1 -
09-09-2023 13 1 2 4 - 13 4 2 1
14-09-2023 10 4 1 4 1 12 3 3 2 -
19-09-2023 10 2 3 3 2 9 5 3 2 1
24-09-2023 7 4 3 1 5 9 4 2 1 4
29-09-2023 6 5 2 2 5 6 6 2 2 4
04-10-2023 5 2 4 3 6 3 7 1 3 6
09-10-2023 2 4 3 4 7 2 5 4 2 7
14-10-2023 - 1 5 5 9 - 3 5 3 9
19-10-2023 - - 4 6 10 - 1 3 4 12

FBD with advanced flowering stages. Carbohydrate content
showed strong positive correlations with stage IV, whereas
nitrogen content was more aligned with earlier stages. Both
cultivars showed increased FBD percent over time, with Ratna
reaching stage IV slightly earlier than Bangalora. Carbohydrate
accumulation and stage IV proportions closely tracked FBD %
progression, reflecting their critical roles in flowering. Ratna
exhibited faster progression to advanced stages, likely due to its
higher carbohydrate accumulation rate. Fig. 2 illustrates the
relationship between Full Bloom Days (FBD %) and the
progression to stage IV for both Bangalora and Ratna over time.
The decline in nitrogen content and rise in the C/N ratio highlight
resource reallocation during flowering, consistent with the
findings of studies like (19, 20) which documented similar trends
in mango flowering physiology.

Conclusion

This study emphasizes the crucial connection between
carbohydrate accumulation, nitrogen levels and the C/N ratio in
driving floral bud differentiation (FBD) in Bangalora and Ratna
mango cultivars. The differences observed between these
cultivars highlight the impact of genetic characteristics and
environmental conditions on floral initiation. A higher
carbohydrate reserve, along with an optimal C/N ratio, was
found to encourage FBD, whereas excessive nitrogen led to
increased vegetative growth, thereby inhibiting flowering,

These findings suggest that regulating nutrient inputs,
particularly nitrogen and carbohydrates, is essential for
maintaining a physiological balance that supports reproductive
growth.  Additionally, environmental variables such as
temperature and light intensity interact with internal nutrient
dynamics, further influencing flowering responses. Understanding
these interactions can help in designing effective agronomic
practices, including precise fertilizer applications, irrigation
management, pruning techniques and foliar treatments, to
maximize flowering and fruit set. Applying these insights in orchard
management can improve the consistency and predictability of
flowering, ultimately boosting fruit yield and quality in Bangalora
and Ratna mango cultivars.
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Fig. 2. Line plot illustrating flower bud differentiation over time in mango cultivars under UHDP during the off-season (A: Ratna, B: Bangalora).

https://plantsciencetoday.online



https://plantsciencetoday.online

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interest to declare.

Ethical issues: None

References

1. Singh AK, Singh CP. Performance of elite clones versus
commercially grown Dashehari Mango under sub-tropical
climate. International Journal of Innovative Horticulture. 2023;12
(1):79-82. https://doi.org/10.5958/2582-2527.2023.00006.4

2. Jahurul MHA, Zaidul ISM, Ghafoor K, Al-Juhaimi FY, Nyam KL, et
al. Mango (Mangifera indica L.) by-products and their valuable
components: A review. Food Chem. 2015;183:173-80. https://
doi.org/10.1016/j.foodchem.2015.03.046

3. Singh S. Production performance of fresh mango in India: A
growth and variability analysis. Int J Pure Appl Biosci. 2018;6:935-
41. https://doi.org/10.18782/2320-7051.6005

4. Halder R, Varma S, Singh M, Dahiya A. From orchard to table:
Understanding climate change impacts on mango production in
India: A review.

5. Md Aayesha Jameel, SM Rajesh Naik, C Madhumathi, D Srinivasa
Reddy, KT Venkataramana. Physiology of flowering in mango. J
Pharmacogn Phytochem. 2018;2375-82.

6. Yadav A, Jayaswal PK, Venkat Raman K, Singh B, Singh NK, Usha
K. Transcriptome analysis of flowering genes in mango (Mangifera
indica L.) in relation to floral malformation. J Plant Biochem
Biotechnol [Internet]. 2020;29(2):193-212. https://
doi.org/10.1007/s13562-019-00541-z

7. Ramirez F, Davenport TL. Mango (Mangifera indica L.) flowering
physiology. Sci Hortic [Internet]. 2010;126(2):65-72. https://
www.sciencedirect.com/science/article/pii/S0304423810002992

8. Sandip M, Makwana AN, Barad A V, Nawade BD. Physiology of
flowering-the case of mango. International Journal of Applied
Research. 2015;1(11):1008-12.

9. Sen PK, Mallik PC. The time of differentiation of the flower bud of
the mango. 1941.

10. Ravishankar H, Rao MM, Bojappa KM. Fruit-bud differentiation in
mango ‘Alphonso’ and ‘Totapuri’'under mild tropical rainy
conditions. Sci Hortic. 1979;10(1):95-9. https://
doi.org/10.1016/0304-4238(79)90073-6

11. Chaikiattiyos S, Menzel C, Rasmussen TS. Floral induction in
tropical fruit trees: Effects of temperature and water supply.
Journal of Horticultural Science. 1994;69:397-415. https://
doi.org/10.1080/14620316.1994.11516469

12. Ashok Kumar, BD Bhuj, Shri Dhar. Effect of plant hormones &
micro nutrients on fruit production: A review. International
Journal of Plant Science and Horticulture. 2022;62-90.

13. Singh VK, Sharma K. Physiological and biochemical changes
during flowering of mango (Mangifera indica L.). International
Journal of Plant Developmental Biology. 2008;2(2):100-5.

14. Das A, Geetha GA, Ravishankar KV, Shivashankara KS, Roy TK,
Dinesh MR. Interrelations of growth regulators, carbohydrates
and expression of flowering genes (FT, LFY, AP1) in leaf and shoot
apex of regular and alternate bearing mango (Mangifera indica L.)
cultivars during flowering. Scientia Horticulturae. 2019;253:263-9.
https://doi.org/10.1016/j.scienta.2019.04.027

15. Oliveira CM, Priestley CA. Carbohydrate reserves in deciduous
fruit trees. Hort Rev. 1988;10:403-30. https://
doi.org/10.1002/9781118060834.ch10

16. Corbesier L, Bernier G, Périlleux C. C: N ratio increases in the
phloem sap during floral transition of the long-day plants Sinapis
alba and Arabidopsis thaliana. Plant Cell Physiol [Internet].
2002;43(6):684-8. https://doi.org/10.1093/pcp/pcfo71

17. Tiwari DK, Patel VB, Pandey AK. Floral induction in mango:
physiological, biochemical and molecular basis. Int J Chem
studies. 2018;6:252-9.

18. Salvi V, Deshmukh U, Jadhav S. Effect of foliar application of
nutrients on flowering, fruit set and yield of alphonso mango in
lateritic soil. 2019;1465-8.

19. Kishore K, Singh HS, Kurian RM. Paclobutrazol use in perennial
fruit crops and its residual effects: A review. The Indian Journal of
Agricultural ~ Sciences [Internet].  85(7):863-72.  https://
doi.org/10.56093/ijas.v85i7.50091

20. Das S, Kundu M, Sengupta S, Harsh K, Samanta D, Mir H. Mango
(Mangifera indica L.) cultivars with alternate bearing tendencies
were subjected to physio-chemical, nutritional and enzymatic
assays. J Soil Sci Plant Nutr. 2024;1-16. https://doi.org/10.1007/
s42729-024-02043-x

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.5958/2582-2527.2023.00006.4
https://doi.org/10.1016/j.foodchem.2015.03.046
https://doi.org/10.1016/j.foodchem.2015.03.046
https://doi.org/10.18782/2320-7051.6005
https://doi.org/10.1007/s13562-019-00541-z
https://doi.org/10.1007/s13562-019-00541-z
https://www.sciencedirect.com/science/article/pii/S0304423810002992
https://www.sciencedirect.com/science/article/pii/S0304423810002992
https://doi.org/10.1016/0304-4238(79)90073-6
https://doi.org/10.1016/0304-4238(79)90073-6
https://doi.org/10.1080/14620316.1994.11516469
https://doi.org/10.1080/14620316.1994.11516469
https://doi.org/10.1016/j.scienta.2019.04.027
https://doi.org/10.1002/9781118060834.ch10
https://doi.org/10.1002/9781118060834.ch10
https://doi.org/10.1093/pcp/pcf071
https://doi.org/10.56093/ijas.v85i7.50091
https://doi.org/10.56093/ijas.v85i7.50091
https://doi.org/10.1007/s42729-024-02043-x
https://doi.org/10.1007/s42729-024-02043-x
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

