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INTRODUCTION

Mango (Mangifera indica L.) belongs to 
the Anacardiaceae family and is a fruit of great 
importance in subtropical and tropical climates. 
Brazil is the 7th world’s largest producer (1.8 million 
tons) (FAO 2020), standing out the states of Bahia, 
São Paulo and Pernambuco (IBGE 2017).  

ABSTRACT RESUMO

Mango production plays an important role 
in Brazil, as the country has an average share of 
10 % in global imports, in addition to being a big 
consumer (Xavier & Penha 2021). Therefore, it is 
necessary to deepen the knowledge about mango 
production and appropriate management practices, 
in order to achieve a high yield associated with 
fruit quality.
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The artificial flowering induction in mango tree is 
the most important crop management in mango orchards and 
requires greater attention from growers. The management 
involves three steps: stoppage of plant growth, branch 
maturation and flowering induction with nitrates. The first 
stage starts with the application of paclobutrazol to the soil. 
However, problems with the use of excessive concentrations are 
common and lead to the accumulation of residues in the soil. 
In addition, the use of paclobutrazol is not allowed in organic 
agriculture. Therefore, this review article aimed to compile 
information about the updates and efforts to solve these problems 
in conventional mango crops, as well as identify alternatives 
for its organic management. In conventional orchards, the 
application of fulvic acids in association with paclobutrazol, as 
an alternative to the single use of paclobutrazol, was identified 
as a way to improve the absorption of the product by plants 
and, consequently, reduce the concentrations and residues in 
the soil. Researches involving pruning, girdling, fertilization 
and irrigation should be developed as an alternative to the use 
of paclobutrazol for the organic crop system of mango cultivars 
in tropical and subtropical regions.

KEYWORDS: Plant regulators, sustainable cultivation, drought 
stress, mineral nutrition.

Indução ao florescimento em mangueira: atualidades, 
perspectivas e opções para o sistema orgânico

A indução ao florescimento artificial em mangueira é 
o manejo cultural mais importante em pomares e requer maior 
atenção dos produtores. O manejo envolve três etapas: paralisação 
do crescimento das plantas, maturação dos ramos e indução ao 
florescimento com nitratos. A primeira etapa começa com a 
aplicação de paclobutrazol ao solo. Porém, são comuns problemas 
com o uso de concentrações excessivas, que levam ao acúmulo 
de resíduos no solo. Além disso, o uso de paclobutrazol não é 
permitido na agricultura orgânica. Objetivou-se, neste artigo de 
revisão, compilar informações sobre as atualizações e esforços para 
solucionar esses problemas em lavouras convencionais de manga, 
bem como identificar alternativas para o seu manejo orgânico. 
Em pomares convencionais, a aplicação de ácidos fúlvicos em 
associação a paclobutrazol, como alternativa ao uso exclusivo 
de paclobutrazol, foi identificada como forma de melhorar a 
absorção do produto pelas plantas e, consequentemente, reduzir 
as concentrações e resíduos no solo. Pesquisas envolvendo poda, 
anelamento, fertilização e irrigação devem ser desenvolvidas 
como alternativa ao uso de paclobutrazol para o cultivo orgânico 
de cultivares de manga em regiões tropicais e subtropicais.

PALAVRAS-CHAVE: Reguladores vegetais, cultivo sustentável, 
estresse hídrico, nutrição mineral.
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The mango tree growth occurs in up to four 
annual vegetative flows, and the stoppage of the 
vegetative growth is necessary for the beginning of 
flowering and, then, later fruiting (Davenport 2007). 
Some endogenous factors such as hormones, genetic 
composition, carbohydrates and stress conditions, as 
well as the age of the buds, are crucial for a successful 
flowering (Cho et al. 2017).

The flowering phase requires the most 
attention throughout the development of mango 
trees, as it is capable of allowing the production to 
be staggered over the year, as well as preserving the 
fruit quality (Fonseca et al. 2018, Oliveira 2020). 

Mango flowering may take over several 
months; thus, the beginning of flowering can be 
induced by environmental factors, mainly by 
temperature change, as well as management practices 
such as the use of growth regulator, pruning and 
irrigation (Oliveira et al. 2017, Souza et al. 2018, 
Oliveira 2020, Santiago et al. 2020). These methods 
are especially important when it comes to organic 
agriculture, where synthetic products are disregarded. 
Thus, the mango organic production becomes an 
important sustainable alternative, as opposing to 
the continuous applications of growth regulators 
in conventional flowering induction methods, 
which may contaminate soil and water resources 
(Cavalcante et al. 2020, Silva et al. 2017). 

In Brazil, the organic fruit production has 
grown in recent decades, a fact that may be 
attributed to changes in consumption habits that have 
demanded higher quality food produced with social 
responsibility towards the environment. In this way, 
suppliers have bet on cleaner and more sustainable 
agriculture to meet such demand (Correia et al. 2015).

This review article aimed to analyze the 
flowering induction in mango tree, in order to 
identify more sustainable alternatives for its organic 
management.  

MANGO FLOWERING

The mango cultivated in subtropical regions, 
as well as other fruit trees such as avocado, lychee 
(Saúco & Menini 1987) and mandarin, show alternate 
bearing, presenting a pronounced yield in a year and 
low yield in the next year (Muñoz-Fambuena et al. 
2011). The alternate bearing in mango trees is not 
fully understood. The accumulation and depletion 
of carbohydrates is one of the hypotheses, but the 

interaction between photoassimilates and florigen 
in flowering induction must also be considered (Das 
et al. 2019).

The mango flowering is controlled by cool 
temperatures in subtropical regions and by water 
stress along with temperature in the tropics. Factors 
such as genetic composition, stress condition and age 
of the shoots are important for a successful flowering 
(Cho et al. 2017). Mango flowering is also regulated 
by endogenous hormones (auxins, cytokinins and 
gibberellins) and carbohydrates production, that is, 
phytohormones from the plant metabolism for the 
development of floral and vegetative buds (Santos-
Villalobos et al. 2013). Gibberellins can stimulate 
the vegetative growth and inhibit flowering at higher 
concentrations, whereas they enable flowering at 
lower concentrations (Ramírez & Davenport 2010). 

Thus, in the floral induction technique, growth 
regulators are commonly used, as the application of 
these substances may interfere with the synthesis 
of gibberellin. This is a well-established practice 
in mango crops in Brazil. Quaternary compounds 
can block the gibberellin synthesis, including 
mepiquat chloride and chlormequat chloride, which 
inhibit the conversion of geranyl diphosphate to 
kaurene (Oliveira 2020). Nitrogen-containing 
cyclic compounds such as paclobutrazol (PBZ) 
and uniconazole and acylcyclohexanediones such 
as ethyl-trinexapac (TrixE) and prohexadione Ca 
(ProCa) are, therefore, able to block the final reactions 
of gibberellin synthesis (Oliveira 2020). 

For carbohydrate contents, some studies 
suggested that the content decreases in the leaf, while 
it increases in the flower buds, due to the energy 
demand for the formation of inflorescence (Santos-
Villalobos et al. 2013, Oliveira et al. 2018). 

 
CONVENTIONAL MANAGEMENT OF 

MANGO FLOWERING INDUCTION

In conventional mango crops, flowering 
is induced by the application of more than one 
substance, such as PBZ, potassium sulphate, etefhon 
and potassium, calcium and ammonium nitrates, since 
the management consists of three stages, being the 
first one characterized by stoppage of growth using 
plant regulators such as PBZ; the second related 
to branch maturation caused by the application 
of potassium sulphate and etefhon; and the third 
consisting of the catalyzing of floral induction by 
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the application of nitrates. This method has boosted 
researches, in relation to compounds, concentration, 
season and application form (Oliveira et al. 2015). 

Regarding the blocking of gibberellin synthesis 
in mango crops, the main substance used is PBZ, 
mainly in tropical regions, where it is a first step in 
floral management, causing the inhibition of branch 
growth and allowing the flowering phase (Mouco et 
al. 2011, Oliveira et al. 2018).

In semi-arid conditions, the application of 
PBZ in ‘Palmer’ mango inhibits the expansion of the 
meristematic cells of the stem apex, as well as induces 
the thickening of the apex and the accumulation of 
phenolic compounds, promoting the inhibition of 
gibberellin synthesis, which is related to the grouping 
of cells at the stem apex without its expansion 
(Oliveira et al. 2020). The phenolic compounds 
accumulated by the application of PBZ have the 
capacity to inhibit growth, due to the negative effects 
on cell division and along the cell, in addition to 
promote an increase in the flowering intensity of the 
mango tree (Srilatha et al. 2015). 

For potassium sulphate (K2SO4 ), the K and N 
ratio is interfered by the potassium ion, preventing 
the plant from continuing to vegetate, thus enabling 
the maturation of the branches and increasing the bud 
fertility (Silva & Neves 2011). Nitrates may break 
bud dormancy, enabling flowering, since flowers 
are emitted after their application. In addition, the 
bud emergence of mature branches will depend on 
the nitrate concentration used, as well as the nitrate 
choice will depend on its cost and availability 
(Ramírez et al. 2010).

The branch maturation stage is crucial, since 
it influences the mango production and uniformity, 
requiring a high demand for carbohydrates and energy 
(Cavalcante et al. 2018). Besides that, this phase 
represents the most stressful time for plants, caused 
by temperature variations and water availability. 
In tropical regions, there is an irrigation decrease 
in the management of floral induction (Ramírez & 
Davenport 2016, Mudo et al. 2020, Silva et al. 2020a, 
Silva et al. 2020b), causing a physiological stress that 
will affect the photosynthesis process. In addition to 
water stress, ethephon and potassium sulphate are 
applied to promote the branches maturation, making 
them suitable for flowering (Cavalcante et al. 2018), 
but this management may increase plant stress.

When referring to the application of PBZ, 
doses may vary among genotypes, since the greater 

their vegetative vigor, the higher the dose to be 
applied. Moreover, they are influenced by weather 
conditions and orchard age (Mouco et al. 2010, 
Oliveira et al. 2017).

Furthermore, the application of PBZ in 
conventional agriculture may be carried out by soil 
moisture or distributed to the canopy projection via 
fertigation system. The latter is more widespread and 
efficient than foliar application, especially after tree 
pruning pointers, that is, after the second flow growth 
rate (Oliveira 2020, Silva et al. 2020c), because PBZ 
is mainly transported via xylem. Currently, most 
researches seek to improve the efficiency of PBZ, 
since its absorption mechanism presents difficulties 
due to low water solubility and low mobility in the 
soil, which are reversibly linked to the vascular 
system of both the plant and soil (Silva et al. 2020c). 

In a study with application of PBZ in ‘Bourbon’ 
and ‘Rosa’ mangoes, flowering uniformity and 
a higher yield than for ‘Palmer’ mango were 
observed with the same application management 
(Chatzivagiannis et al. 2014). Furthermore, the 
responses to the plant growth inhibitor application 
may vary with the nutritional status of the plant 
(Souza et al. 2018).

The application of PBZ in the irrigation system 
makes it an interesting alternative to reduce product 
and labor costs. There are positive reports of this 
method, which improved the ‘Palmer’ mango yield, 
when compared to the conventional application (i.e., 
via soil) (Souza et al. 2018). However, PBZ may 
contaminate both the soil and water resources after 
long-term applications (Silva et al. 2017). These 
residues may remain active for a long period of time 
in the soil, thus hindering the mango tree growth and 
development (Cavalcante et al. 2020). 

Some alternatives to improve the PBZ 
absorption by roots and prevent soil contamination, 
thus minimizing environmental risks and reducing 
dosages, have been evaluated, such as the use 
of biostimulants, which are substances that have 
biological compounds or agents capable of acting 
directly or indirectly on plants (Silva et al. 2020a), 
improving their nutritional efficiency (Yakhin et al. 
2017), what will influence the fruit quality and yield 
of mango trees.

There is a positive effect on the physiological 
and reproductive variables of ‘Tommy Atkins’ 
mangoes grown in the tropical semi-arid region, 
when applied a biostimulant composed of amino 
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acids and yeast extract, during the branch maturation 
stage (Mudo et al. 2020). Similarly, biostimulant 
applications with seaweed extract (Ascophyllum 
nodosum) also provide an increase in the number 
of panicles and yield of ‘Palmer’ mango (Silva et 
al. 2020a).

In ‘Keitt’ mangoes, the use of fulvic acids, 
free amino acids or their joint application improve 
the absorption of PBZ by the plant, potentiating the 
growth inhibition and providing less accumulation 
of soil residues (Silva et al. 2020c). The use of 
fulvic acids and amino acids may increase the PBZ 
absorption rate, as they have the ability to form 
complexes with nutrients and other molecules, 
facilitating the entry into the plasma membrane by 
active transport (Castro & Carvalho 2014).

Humic substances also induce the activity 
of H+ -ATPase protons that are pumped to form 
ATP, which causes variation in the electrochemical 
potential, reducing the pH of the apoplast, making 
the cell wall more flexible and facilitating the root 
growth, especially the lateral roots, which are 
responsible for most the absorbed water and nutrients 
(Trevisan et al. 2010, Zandonadi et al. 2010), in 
addition to activating the ionic metabolism and the 
transport of different substances (Jannin et al. 2012).

In addition to studies with biostimulants, 
amino acids and humic substances, other alternatives 
have been sought over the years. Among the studied 
alternatives, it is theuniconazole (UCZ), which 
belongs to the group of triazoles and inhibits the 
precursors of gibberellin synthesis, as it prevents 
the conversion of kaurene into kaurenoic acid, thus 
reducing growth (Lima et al. 2016). UCZ is similar 
to PBZ, since it also loses efficiency by foliar 
application, while triazoles are more efficient by soil 
application, especially when they are in contact with 
the root system (Silva et al. 2014, Oliveira 2020). 
Silva et al. (2014) observed that the application of 
UCZ in the mango canopy projection promoted better 
results than the foliar application, resulting in a higher 
percentage of flowering and greater yield, without 
altering the fruit quality. However, the authors 
stressed that the technique requires a long-term study 
to observe all singular effects, especially in relation 
to possible environmental damage.

Metconazole, which is also another triazole, 
prevents the synthesis of gibberellins by inhibiting 
the action of cytochrome P450-dependent 
monooxygenases that catalyze the oxidative steps 

of ent-kaurene to ent-kaurenoic acid (Cavalcante 
et al. 2020). The same authors reported that further 
studies are needed to introduce such compound in 
the management of mango floral induction, as well 
as to assess its long-term effects.

 
FLOWERING MANAGEMENT 

FOR ORGANIC AGRICULTURE

Many mango producers have adhered to 
organic agriculture over the years, what has provided 
a good income. Besides that, this type of cultivation 
is considered a great investment.

In the Maniçoba region near Juazeiro (Bahia 
state, Brazil), 17 mango producers obtained organic 
certification in 2006, exporting 44 tons to Canada 
(Embrapa 2020).  

For mango flowering induction, there is a lack 
of literature on alternatives to chemical products 
and joint management practices (before, during and 
after fruit production), in order to get flowering and 
production uniformity (Medina-Urrutia et al. 2011).

The adequate mango nutrition is crucial to 
maintain growth and accumulation of carbohydrates. 
In organic farms, the fertilizers used must be listed 
under the Brazilian legislation (Brasil 2014). 

Potassium is one of the macronutrients that 
influence the fruit production and physicochemical 
quality (Carneiro et al. 2018). Potassium sulphate 
(K2SO4 ) may be used in organic agriculture, since it 
is more efficient in mango production and yield, when 
compared to potassium chloride (KCl) (Carneiro et 
al. 2017). In organic agriculture, another option to 
potassium sulphate is Sulpomag™ (22 % of K2O, 
18 % of MgO and 22 % of S) at 2 % (20 g L-1), to 
increase the carbohydrate content (Embrapa 2020).

In fertilization management, attention should 
be paid with regard to over-applying nitrogen 
fertilizer, as it can decrease flowering, since it 
can stimulate vegetative growth (Medina-Urrutia 
et al. 2011). Foliar nitrogen levels should not 
exceed 1.4 % to avoid vegetative growth out of 
season, that is, after pruning and during flowering 
management (Ramírez & Davenport 2010).

Integrated management practices with lower 
doses of nitrogen, phosphorus and potassium (NPK), 
combined with corral manure, vermicompost or 
mulch layer, considerably influence the availability 
of nutrients and soil carbon, thus improving fruit 
production (Kumari et al. 2020).
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The use of  plant  growth  promoting  rhizobacteria 
such as Burkholderia caribensis XV and Rhizobium 
sp. XXV also showed promising results, since it 
increased the mango trees growth and flowering, 
what was demonstrated by an increase in the values 
of morphometry, biochemistry and molecular 
parameters, as well as synchronized flowering 
(Santos-Villalobos et al. 2013).

In subtropical conditions, temperature is one of 
the most important factors in the flowering of mango 
trees. Low temperatures mediate the content of plant 
hormones during mango floral induction (Luo et al. 
2019). The sex ratio is also affected by temperature, 
relative humidity and rainfall, in addition to the 
plant’s endogenous factors. Moreover, germination 
and pollen viability are highly dependent on climate 
conditions, where low temperatures may have a 
negative impact on germination, tube growth, zygote 
formation and fruiting (Ramírez & Davenport 2016).

Temperature plays an important role in 
inducing flowering in mango tree, since bud growth 
occurs under temperatures of approximately 10 ºC 
at night and 20 ºC during the day, generating flower 
buds (Santos-Villalobos et al. 2013). The proportion 
of hermaphrodite flowers in mango trees is a 
varietal character; however, it may be influenced by 
temperature during the floral morphogenesis phase, 
influencing the fruiting percentage (Geetha et al. 
2016).

The florigenic promoter in mango is 
synthesized in leaves during exposure to cold, with 
translocation to the buds through phloem, to stimulate 
floral induction (Ramírez & Davenport 2010). Mango 
tree is adapted to a wide range of temperatures, since 
it is grown in tropical and subtropical conditions, 
being the ideal range 22 to 27 ºC, which is the most 
suitable for growth and development (Laxman et al. 
2016). The accumulation of at least 350 hours of cold 
(< 20 ºC) during the development of the axillary buds 
is necessary for the initiation and differentiation of 
the floral bud (Sarkhosh et al. 2018).

For mango flowering induction, a certain 
number of mature leaves is necessary to perceive 
the environmental signal to induce genes, such as 
local flowering T. This gene is expressed in leaves 
adjacent to the floral bud and may be transported 
to the apical bud during the flowering stage (Das 
et al. 2019). Under subtropical conditions, only 1/4 
of the leaves per stem provided enough florigenic 
promoter to induce flowering in 95 % of the initial 

lateral shoots. However, the same leaf area in tropical 
conditions only induced flowering up to 11 % of the 
beginning of the side shoots, on average (Ramírez & 
Davenport 2010).

In tropical conditions, irrigation management 
is extremely important to induce flowering. During 
the branch development period, the partial water 
deficit is responsible to contain the vegetative flows, 
inducing floral differentiation and, consequently, 
production (Fonseca et al. 2018). The irrigation that 
meets the crop needs must be carried out as soon 
as it initiates the first signs of flowering in the buds 
(Fonseca et al. 2020).

Cutting irrigation water in ‘Ubá’ mango by 
half induce higher percentages of flowering and 
fruit production per plant, that is, 30 L plant-1 day-1 
for four months before flowering or during leaf 
development (Fonseca et al. 2018).

Pruning management may also influence 
flowering, since the development of the axillary 
bud may be triggered by removing the tip of the 
branches. The tip pruning, which is performed 10 cm 
above the last internode, may significantly improve 
flowering; however, it may prevent flowering when 
performed at a late time (Sarkhosh et al. 2018). 
Moreover, there is a difference between cultivars 
in terms of thermal requirements and pruning time 
to induce flowering.

The practice of girdling is quite common for 
fruit producers, and has also shown great outcomes 
in inducing flowering of mango trees. This practice 
causes a decrease in leaf nitrogen, what may affect the 
photosynthetic capacity of the plant in the long term 
(Urban & Alphonsout 2007) and increase metabolites 
such as plant hormones, sugars and amino acids 
above the region where the cut is made, thus blocking 
the transport of sugars to the roots (Ghadage et al. 
2017, Shivashankara et al. 2019).

The girdle size and implementation time also 
influence the flowering parameters, since a ring 
with 1.50 cm wide in secondary branches of mango 
tree provides a higher percentage of fruits fixation, 
increases the number of fruits per branch, yield and 
pulp weight and volume (Ghadage et al. 2017).

Fermented cow urine is an alternative in 
organic mango crops, since it fits as a biofertilizer 
that may be used in foliar applications at 7 %. It is 
recommended to apply it four times every seven 
days, in order to break bud dormancy and promote 
flowering (Embrapa 2020).
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In organic agriculture, it is ideal to use all 
tools available in synchrony with the crop demands, 
in order to obtain better outcomes. In Brazil, there 
are few studies on mango flowering induction in 
organic management; therefore, further studies on 
floral induction practices are needed in this system.

CONCLUSIONS

1. In conventional orchards, recent studies show that 
the application of fulvic acids in association with 
paclobutrazol, as an alternative to the single use of 
paclobutrazol, is a way to improve the absorption 
of the product by plants and, consequently, reduce 
the concentrations and residues in the soil;

2. In organic orchards under subtropical conditions, 
pruning and plant nutrition should be followed 
carefully. Girdling on the branches brings positive 
results and may be an alternative, especially for 
cultivars that present irregular flowering; 

3. In tropical regions, it is essential to improve the 
flowering percentage, irrigation management 
(with partial drought stress being provided) and 
the adequate nutritional condition, with pruning 
being maintained.
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