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Abstract—The subtropical fruits categorised as fleshy fruits (mango, 
guava, papaya, grapes, banana, citrus, avocado, litchi, pineapple, 
loquat, kiwi fruit etc.) and nuts (pecun, walnuts, almonds etc) are 
having high nutraceutical value (vitamins, minerals, protein, oils and 
fats) and play a pivot role in maintaining the human health in the 
present era. Subtropical fruits require warmer conditions and are 
sensitive to frost and fluctuations in temperature conditions. The 
information regarding exogenous and endogenous cues that regulate 
flowering genes in subtropical fruits would help in understanding the 
major pathways, genomic regions for the reproductive success and 
fruit crop productivity. Due to increase in population day by day, 
along with the limited available natural resources like land, water, 
highpressure and drastic climate change, there is an urgent need to 
meet challenges by fulfilling the nutritional requirement. To know the 
problems of flowering in fruit trees understanding tree architecture 
and impacts of climate change is a key for suggesting the possible 
horticultural interventions. Geno-Horti concept, phosphoproteome 
mapping, differential gene expression analysis, genetic engineered 
enzymes and many other biotechnological tools will be helpful for 
understanding the mechanism regulating flowering genes and their 
function. This paper gives an overview of the exogenous and 
endogenous cues that control flowering genes in subtropical fruit 
crops and the impact of horticultural interventions on flowering. 

1. INTRODUCTION 

The Subtropical fruits require warmer conditions and are 
sensitive to frost and fluctuations in temperature conditions. 
Fruits are having high nutraceutical value (vitamins, minerals, 
protein, oils and fats) and play a pivot role in maintaining the 
human health. Subtropical fruits are categorised as fleshy 
fruits (mango, guava, papaya, grapes, banana, citrus, avocado, 
litchi, pineapple, loquat, kiwi fruit etc.) and nuts (pecun, 
walnuts, almonds etc). Flowering is a major event in life cycle 
of subtropical fruit crops. The MADS-box family of genes has 
a significant role in the development of flowering organs in 
fleshy and dry fruits. The most dramatic changes occur during 
floral transition in life cycle of plant and regulated by bulk 
number of genes. The number and quality of flower buds leads 
to flowering and fruit yield, which depends on control of 

numerous external and internal signals. These genes include 
flower meristem identity genes and floral organ genes. 
Environment factors like photoperiod, gibberlins, 
vernalization, autonomous floral initiation and aging 
determines the flowering period. Some common set of genes 
(FLOWERING LOCUS C, FLOWERING LOCUS T, 
LEAFY, and SUPPRESSOR OF OVEREXPRESSION OF 
CONSTANS1) determines flowering time. Certain complex 
growth correlations determine reproductive transition and 
difficult to know the certainty of branch that will produce 
flowering buds [28]. This is main handicap to understand the 
mechanism of flowering in fruit trees. There is need to 
understand the impacts of exogenous, endogenous factors and 
climate change directly or indirectly by regulating flowering 
genes. This paper helps in understanding the genes, 
environment and other factors responsible for flowering in 
subtropical fruit crops. 

2. FACTORS RESPONSIBLE FOR FLOWERING 

Factors affecting flowering in subtropical fruits are juvenility, 
age of wood, tree architecture, position of buds, dormancy, 
water stress, temperature, photoperiod, hormone levels, 
alternate bearing, fruit load, Carbon: Nitrogen levels and 
climate change. A number of biochemical changes like 
differences in peroxidise, esterase isozymes protein 
phosphorylation and endogenous hormone levels of auxin, 
abscisic acid, cytokinin and ethylene are involved in the 
juvenile-to-adult phase transition. The timing of flush 
development for flowering is important because bud release 
for vegetative or reproductive growth can only occur from 
mature flush [29]. The higher and lower axialization leads to 
vegetative and floriferous axils respectively [20]. Litchi tends 
to produce inflorescences from terminal buds, whereas 
avocado produces inflorescences from both terminal and 
axillary buds [30]. The proteins of photosynthetic machinery 
represent the majority of leaf nitrogen which is directly related 
to photosynthetic capacity in C/N theory. In grapevine floral 
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initiation occurs in uncommitted primordia of developing 
latent buds, destined for dormancy and subsequent release in 
the spring [1]. Moderately low water potentials delay shoot 
initiation through reduced turgor thus extending the age of 
stems. Despite the role of water stress, a period of cool and 
dry weather for flowering and long stress period reduce flower 
size and fruit set. In avocado, temperatures of 10/7oC 
(day/night) were effective in inducing flower buds, whereas at 
25/20oC (day/night) regime was not. In kiwifruit buds enter 
dormancy in response to shortening day length [31]. Heavy 
fruit load prevents recognition of the low-temperature 
flowering inductive signal and/or blocks later stages of 
inflorescence, such as bud break.  

3. FUNCTIONS OF SOME FLOWERING GENES  

Co gene is responsible for transcription factor of the FT gene 
[23]. Formation of axillary meristems and early flowering in 
citrus was dependable by the genes FT, PtFT1 and SFT [13], 
whereas, genes LFY and AP1 reduces vegetative phase [31]. 
SMZ, SNZ and TFL suppress the floral pathway integrator 
genes and floral meristem identity genes [34]. Transcriptional 
activation of flowering gene by the genes MIKC-type and 
MADS-box genes [16].  

4. GENES IDENTIFIED IN SOME SUBTROPICAL 
FRUIT CROPS AND THEIR ROLES FOR 
FLOWERING  

Flowering in mango is a complex process and not 
photoperiodic. Mango flowers in cool inductive temperatures 
under subtropical conditions. By manipulating through 
environment and at gene expression level we can get of-season 
flowering and yield. Climate plays a major role in growth and 
development of mangoes. By girdling and complete 
defoliation causes zero flowering [33], whereas five leaves in 
the donor stems produced 100% flowering shoots in all donors 
and receivers. When “Keitt” trees exposed to cool 
temperatures with 1/2 leaf per stem resulted in 100% 
reproductive shoots and 1/4 leaf per stem caused 95% 
flowering of lateral shoots [7]. Florigenic promoter is 
synthesized in leaves and transported to buds and Fp is carried 
in the phloem with sugars from the donor leaves to the 
receiver stems to facilitate floral induction [38]. Low levels of 
expression under warm temperature was observed in buds of 
gene encoding protein, similar to APETALA1 (flower 
initiation) while, at low temperature high levels of expression 
[25]. Levels of FT were slightly lower in the apical buds of 
high-fruit-load trees. 

Under subtropical conditions lemon trees produces flower 
round the year. Citrus expressed sequence tag (CitEST) 
database for expressed sequence tags (ESTs) showing 
sequence homology with known elements of flowering-time 
pathways [24]. CONSTANS (CO) and FLOWERING LOCUS C 
(FLC) are two genes responsible for flowering and ultimately 
lead to the induction of a set of genes called floral meristem 

identity (FMI) genes and responsible for the fate change of the 
meristems emerging on the flanks of the shoot apex. 
Expression pattern of flowering-genes in buds from on (fully 
loaded) and off (without fruits) trees revealed that homologues 
of FLOWERING LOCUS T (CiFT), TWIN SISTER OF FT 
(TSF), APETALA1 (CsAP1) and LEAFY (CsLFY) were 
negatively affected by fruit load. By contrast, expression of 
the homologues of the flowering inhibitors of TERMINAL 
FLOWER 1 (CsTFL), TERMINAL FLOWER 2 (TFL2) and 
FLOWERING LOCUS C (FLC) was generally lower in off 
trees. Absence of leaves completely abolished blossoming and 
severely affected the expression of most of the flowering-
related genes, particularly decreasing the activity of floral 
promoters and of CsAP1 at the induction stage [27].  

Grapevine - The Vitis vinifera flowering is complex 
phenomena and is greatly affected by environment, genetic 
and cultural practices from induction to anthesis, which 
require 12-month period [37]. The Critical stages in grape 
flowering are induction, initiation, and early differentiation in 
first season and late differentiation at budburst in second 
season. In spite of many research on the influence of cultural 
and environmental factors on grape flower development, still 
the genetic factor controlling grapes remains poorly 
understood. Synchronous flowering development is 
advantageous for grape production whereas non-synchronous 
is viewed as undesirable, so to overcome the problem of non 
synchronous flowering it is essential to have the prior 
knowledge of flowering gene. 

a. Floral development in grapevine 

The flower development in grape occurs through a series of 
sequential manner under strict genetic control [26]. In Model 
plant i.e. Arabidopsis, gene analysis have been carried out by 
developing Arabidopsis mutants to understand the molecular 
and genetic mechanisms which are involved in floral induction 
to flower development [2]. Due to long life cycle of grapevine, 
difficulty in development of the mutant and transgenic plant, 
the studies on floral initiation and development at molecular 
level are still not complete because the genes identified need 
to be characterized functionally [3].The genetic change 
involving in the flower development is as follows 

i. Switch from vegetative to the floral state: It occurs mainly 
due to difference in environmental and developmental signals 
by activity of floral meristem identity genes.  

ii. Floral meristem to whorls of organ primordia: It occurs 
mainly due to activity of floral-organ identity genes.  

iii. Floral organ primordia to different floral structures: 
The genes activate downstream effectors that affect the 
various tissues which constitute different floral structures [5]. 

b. Floral induction in grape vine 

In Grapevine, with the help of grape genome [2] data the three 
members of the SUPRESSOR OF CONSTANS1/ 
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AGAMOUS LIKE 20 (SOC1/AGL20) MADS box gene 
subfamily have been identified. For flowering V. vinifera 
MADS8 (VvMADS8), has been characterized and its 
expression levelis very high in the early stages of 
inflorescence development and decreases in later stages of 
floral development whereas, in mature flower or fruit it 
expression was not found. In grapevine characterization of the 
floral signal integrator FLOWERING LOCUS T (FT) has also 
been done [3]. Out of six possible TFL1- FT homologues from 
whole genome sequence of grape five genes are categorized 
into three category i.e. FT, MFT (MOTHER OF FT AND 
TFL1), and TFL1 [13]. The VvFT, is associated with seasonal 
floral induction and formation of inflorescences, flowers, and 
fruits [3].  

c. Floral meristem identity in grapevine  

Bud bursting occurs in spring where VFL expression reaches 
to maximum in the floral meristem and also expressed in petal, 
stamen primordial, leaf primordia and leaf margins 
responsible for cell proliferation in specific leaf tissues in 
vasconcella sps. VFUL-L transcripts are restricted to the 
central part of flower meristem, which plays role in floral 
transition, carpel and fruit development [2].  

d. Floral organ identity: 

Development of floral organs is controlled by a complex 
genetic regulatory. A, B, C, D and E models were identified 
for flowering in model plants [19]. In grapes, identified three 
B-function genes VvMADS9/VvPI, VvAP3, and VvTM6 
responsible for petals and stamens but VvTM6 also expressed 
in carpels. Higher expression of VvPI is during pollen 
maturation and decreases at process of pollination and 
fertilization. At last stage of anther development VvTM6 is 
expressed.  

In avocado, PaFT protein was more closely related to other FT 
and TSF proteins than to BFT or TFL proteins and PaFT is 
annotated as gene bank accession number KM023154. In case 
of other crop trees, fruit-load might affect flowering by 
repressing the expression of PaFT in the leaves [6].  

The flowering homologs, FT and LFY, isolated from Carya 
illinoinensis contain the domains previously characterized in 
FT and LFY genes in other plant species [15]. In pineapple, 
ethylene production leads to reproductive phase due to ACC 
synthase gene ACACS2 [39]. Nine non-redundant kiwifruit 
MADS-box genes were identified on the basis of similarity to 
Arabidopsis floral MADS-box genes, and named Actinidia 
FUL-like, FUL, AP3-1, AP3-2, PI, AG, SEP1, SEP3 and 
SEP4 [10].  

Kiwifruit MADS-box genes with homology to a floral 
pathway integrator gene SUPRESSOR OF 
OVEREXPRESSION OF CONSTANS1 (SOC1) and floral 
repressors SHORT VEGETATIVE PHASE (SVP) and 
FLOWERING LOCUS C (FLC) were identified [10]. 
CArGbox sequence binding AGAMOUS MADS-box protein 

in banana flower and fruit nuclear extracts in DNA-protein 
interaction assays [35]. The deduced protein sequence showed 
95% amino acid sequence homology with MA-MADS5, a 
MADS-box protein. 

5. DIFFERENT MANAGEMENT STRATEGIES FOR 
FLOWERING 

For flowering transition in subtropical fruit crops require 
reduced vegetative activity. Alterations include water stress, 
drought, branch manipulation, mechanical shoot and root 
pruning, application of hormones, chemical growth regulators, 
manipulating crop load, fertilizer management and regulated 
deficit irrigation [4]. Winter pruning increases vegetative 
growth and decreases flowering. The effects of pruning also 
vary with the architectural level, the complete removal of 1-
year-old short lateral shoots tends to stimulate growth of the 
remaining shoots and fruit set of adjacent inflorescences. The 
pruning strategies should be based on the removal of 
flowering shoots at a young stage of growth, with less pruning 
of old branches [22] which increases leaf area of remaining 
shoots and light interception by the tree canopy through a 
decreased shoot density and a better distribution of shoots in 
space. A range of rest-breaking chemicals like dinitro-ocresol 
(DNOC), thiourea, gibberellic acid (GA3), various surfactants, 
various oils, potassium nitrate, hydrogen cyanamide and 
combinations of chemicals [9] were using. Dormex (H2HCN), 
Volk oil and potassium nitrate are few other examples of 
commercial dormancy breaking chemicals [32]. Hydrogen 
cyanamide is highly effective in breaking the dormancy of 
grape buds and kiwi vines. Thinning agents such as the 
benzyladenine (BA) or the Naphtalene acetic acid (NAA) are 
used in mango during heavy bearing season. Paclobutrazol is 
substitute provided by mild water stress or low nitrogen to 
obtain flowering on younger stems. There is an increase both 
endogenous cytokinin levels and floral initiation in‘Japanese 
pear’ after application of the growth retardant maleic 
hydrazide [14]. The role of C/N ratio for floral initiation has 
often been investigated by measuring levels of stored 
carbohydrates or imposing treatments such as fruit thinning, 
girdling that modify the levels of stored carbohydrates, and 
correlating these with flowering intensity in many woody 
perennials [12]. Urea enhances initiation of citrus flowering 
[8]. In Strawberry number of flowers and inflorescences 
increased when plants were applied with potassium nitrate 
[17]. When a plant of mango, citrus or litchi is exposed to 
warm temperatures (30° C day/25°C night) [36] at the time of 
shoot initiation, the resulting shoot growth is purely vegetative 
and if maintained in cool conditions (18 °C day/10 °C night), 
it produces generative shoots. Mild water stress applied during 
the period of slow fruit growth control excessive vegetative 
growth while maintaining or even increasing yields. Moderate 
and severe deficit irrigation advances flowering date while 
light water-stress caused reduction in watering along the 
season, failed to modify flowering date in loquat [5]. 
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6. CONCLUSION 

Floral initiation and flowering in fruit trees is most important 
event for the reproductive success and crop productivity. For 
successful fruit production key strategy is ability to control the 
timing of flowering. It should also be noted that utilizing a 
QTL-based approach may uncover novel genes/proteins that 
control flowering via heavy fruit load. These will shed much 
light on the conservation and differentiation of function of 
genes predicted to be involved in floral development that leads 
to the unique phenology of flowering in fruit crops. Although 
leaves are required for flowering to occur, their absence 
strongly affects the activity of floral promoters and identity 
genes. The salient features and differences between the 
phenologies of these two groups are necessary to understand 
the problems of flowering and for suggesting possible 
horticultural interventions. This provides a description of 
flower development in some fruit crops at the molecular level. 
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