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Abstract
Horticulture crops possess an important place in our daily life. In 
consumer-driven trend, the demand for horticulture produce has 
risen along significantly around the year including their off period 
along with their quality attributes. Apart from the consumer demand, 
climate change is also impacting flowering and fruiting time which 
made it needful that the crop is produced on time. These have 
resulted in search of methods to tune or regulate horticulture 
crops; mostly their flowering and fruiting time so they can fulfill the 
prevailing demand and overcome changing climate impact. Although 
development in biotechnology and breeding aspects has permitted 
a huge development in crops availability and their sustainability; 
apart from these, there are several cultural and chemical methods 
to regulate crops based on plants’ physiological responses to 
environment and chemicals. The purpose of this discussion is 
to review knowledge available on the regulation of flowering and 
fruiting by manipulation of environment or usage of chemicals.
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Introduction
Horticultural crops became a part of our day to day life, with 

increasing consumption of fruits and vegetables to gardening to 
various crops at our farm. It became indispensable in our day to day 
activities and eventually, the demand for the product has increased 
around the year [1]. According to a projection by Indian Institute 
of Horticultural Research, the demand for fruits and vegetable 
was expected to be 540 MT in the year 2050 compared to present 
243.5 MT [2].  With the rising demand, horticulture rose as one of 
the highly profitable avenues of agriculture, supplying enormous 
opportunities both in the rural as well as in urban areas. Currently, 
horticulture sector alone contributes around 30 % of the agricultural 
GDP from about 23.69 Million hectares of the area and accounts 
for 140 billion INR export value in India [1]. To fulfill the demand, 
genetic manipulation by breeding and/or biotechnology has allowed 
many of the crops to be harvested for a wider interval of the year with 
hybrid vigour impacting yield [3]. Evidently, it was seen among the 
crop of the same genotype, they vary in their flowering and fruiting 
time, mostly due to an environmental factor or any external injuries 
which leads to the change in hormonal levels. This has fonded the 
idea of manipulating environment (primarily but exclusively, 

photoperiod and temperature) or changing internal hormonal levels 
(levels of GA(s), ethylene, etc.) by application of chemicals or cultural 
practices and has been found effective [4]. Unlike animals, most plant 
development takes place in post-embryonic phase, where they show 
wide plasticity in developmental regulation [5]. One of the most 
plastic developmental phases in plant life cycle is a floral transition. 
Induction or delay in flowering is based on multiple cues which may 
act individually or in combination (Figure 1). Many of these cues are 
now identified and utilized; this review discusses various methods and 
their mechanism in regulating crops.

Plant Reproductive Phase
Reproductive phase is one of the important phases in plant’s 

life cycle. To achieve reproductive success, the plant must select 
the most favourable season to initiate reproductive development. 
This selection requires the existence of molecular mechanisms to 
continuously monitor environmental factors and to properly respond 
to the adequate conditions. Among them, light and temperature acted 
as most relevant to predict in terms of selection of flowering season 
by the plant. Although, some of the less predictable factors such as 
nutrient or wind can also modulate flowering time, depending on the 
species [6]. These environmental factors display patterns of variation 
in the short (i.e., diurnal variation) and long ranges (i.e., seasonal 
annual fluctuations). Generally, we can distinguish between plants 
that complete development within a year, called annual plants and 
plants that live more than one year, known as biennials or perennials. 
The first ones flower only once in their life cycle. However, among 
perennial plants, there are species that flower only once in their 
life cycle (monocarpic) or species that flowers every year, once 
maturity is reached (polycarpic). In annual species like Arabidopsis, 
flower initiation, defined as the morphological changes that make 
meristems to specify flower meristems, is immediately followed 
by the development of flowers. Therefore, flower initiation can be 
considered as a crucial regulatory point on which selection acts to 
ensure flowering and fruiting on time. Nonetheless, in polycarpic 
perennials, it is common to find a delay between flower initiation 
and flower development and therefore both the time of floral 
meristem initiation and bud burst are probably targets of selective 
pressure. In addition, in polycarpic and monocarpic perennial plants, 

Figure 1: Factors influencing floral induction (→ Induction → stoppage).
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to revenue, like floricultural crops, viz. geranium, petunia, vinca, 
begonia, impatiens, lisianthus, and gerbera [14,15].

Light quality and quantity

Light quality signifies composition of the light. Sunlight or white 
light is a composite of all visible light wavelength, among which 
plants are sensible to group of light wavelengths with the help of 
specialized photoreceptors viz. phytochromes (Red (R) and far-red 
(FR) light sensing receptor) and cryptochromes (blue (B), green 
(G) and ultraviolet light (UV) sensing receptor) found in all organs 
throughout the plant life cycle and majorly detected by leaves [16,17]. 

In nature, the composition of the light helps the plant to identify 
the position of the plant among its surrounding. For example, the 
dominance of far-red light over red light (low R: FR ratio) make plant 
feel its presence in the shade. Many of the plants prefer to be in the 
shade (shade-loving plants, e.g. cocoa, carambola, cherries etc. and 
are naturally found in the forest, while the other prefers to in direct 
sunlight (sun-loving plant, e.g. tomatoes, cucumber, etc.). For the 
sun-loving plant, the presence of higher FR light reduces the flowering 
capacity (e.g. Aloe vera) whereas shade loving plant produces higher 
flowering (e.g. carambola) and it’s vice versa. Similarly ratio of 
B: R, B: G and other also influence the growth and development 
pattern among the crops. In horticultural crops it has been generally 
postulated that presence long-term exposure to FR initiates events 
that result in higher carbohydrate accumulation in the stem than to 
leaves and roots compared that of R light received a plant, affecting 
fruit properties [18,19]. However, exposure to low light condition to 
indoor house plants favours flowering, inversely, longer exposure to 
low light or high light condition for longer duration reduces flowering 
proportion [20]. This information has characterized another method 
of crop cultivation, solely based on light-based farming.

• Light reflectance:  Interception through the tree canopy, 
light penetrates and/or scatters within the tree canopy based on the 
structure and optical properties of the canopy components like leaves, 
fruits and branches [21,22]. This scattering into different wavelength 
results in the receptivity of ratio of their presence like R: FR ratio, 
B: R ratio, etc. and gives varies responses by the photoreceptors as 
discussed earlier. Apart from the natural means, it can be done by 
artificial means by manipulating the light quality. Most commonly 
used methods are either to use reflective films or use photo selective 
shade nets. Among reflective films, ground cover materials such 
as white woven plastics and aluminum foil serve best and help to 
improve fruit colour, fruit size and return bloom in crops like apple, 
peach and sweet cherry [23-25]. The principle behind the usage of 
the reflective cover is that it increases the PAR reflection by reflecting 
incoming light to the floor which in increases the light availability to 
the shading parts, helps to overcome the light deficiency in protected 
plants by hails nets or shade nets [25]. 

• Light-based farming: As discussed in the earlier section, 
photoperiodism is the response of day-night duration; however, 
it is also influenced by the light quality. Presence of higher far-red 
light shows the presence of shade or dark condition and reverse is 
true for red light. When crops are cultivated solely based on artificial 
light, utilization of specific light for the specific duration of time 
helps to regulate flowering and fruiting of the crop. Strawberry [26] 
is one the best example where early flowering was harvested just by 
manipulating light quality and quantity.

• Photo selective shade net: Similar to light based farming, photo 

sensitivity or responsiveness to environmental signals must change 
the development of the plant to prevent flowering before maturity is 
reached. There have been numerous recent excellent reviews on the 
molecular genetics aspects of flowering time control in model plant 
Arabidopsis [7-10]. The signals generated under various environment 
acts as cues and are discussed in the following sections.

Light
Light is the fundamental and ultimate source of all living organism 

and influences their activity directly or indirectly. In plants, it plays 
multiple roles based on its duration, spectrum, intensity or quantity. 
White light/ sunlight is composite of multiple wavelengths whose ratio 
varies from time of the day (diurnal variation) and seasonal variation 
and are strongly influenced by plant canopy [11]. Moreover, length of 
the light period (photoperiod, day-light/ dark light cycle) also shows 
seasonal variation. Light quality, particularly the ratio of different light 
wavelength (e.g. red: far red; red: blue, etc.) differentiates the growth 
pattern. Influence of red: far ratio acts as on/off switch for many of 
the growth characteristics and most important of them is flowering. 
In the last few decade utilization of this knowledge is widely used in 
the production of crops under protected cultivation to fetch good 
harvestable yield even in the off-season.

Photoperiod

It has been a question, how plants identify different seasons? And 
how they respond to it? For long it was believed to be temperature. 
However, photoperiod is more consistent and reliable; they follow the 
same pattern in same season every year, unlike temperature where 
seasonal fluctuation is regularly seen [12]. The sense of photoperiod 
length is utilized by them to identify the seasonal progression by 
internal circadian rhythm translating into circ-annual information. 

Plants are generally classified based on their response to 
photoperiod as short day (SD, photoperiod longer than critical 
day length, e.g. strawberry, chrysanthemum, etc.), long day (LD, 
photoperiod than critical day length, lettuce, hibiscus, etc.) and 
day-neutral plants (DN, do not response any critical day length, e.g.  
Tomato). When we refer, photoperiod, it is actually uninterrupted 
dark period control plant responses to day-light. In nature, SD plants 
generally flower when days are short and such period is available in 
the winter season, whereas longer days are available in the summer 
season and accordingly, in wild the plant flowers when they find their 
suitable photoperiod. This requirement can be fulfilled in multiple 
artificial ways.

• Black out for SD plants: Since the short day plants flower when 
the light period is less than critical day length. This can be done by 
artificially creating darkness or as called as black out method or black 
out cloth method. The plants are grown in a structure, where darkness 
is created for a part of the day using dark coloured cloth. Banados and 
Strik [13] shows how blueberry a short day plant on providing black 
out treatment and permitting only 8 hours of light gives flowering 
whereas in natural condition 16 hours of light was present and no 
flowering was observed.

• Break (LB)/Day extension (DE)/intermittent lighting for LD 
plants: In contrast to the SD plants, in long day plants the day length 
is extended by usage of night break (usage of small duration of light 
in middle of night) or extending the day length with external usage 
of light or using cyclic intermittent lighting strategy. It is profitable 
approach with increased growth and quality and finally converted 
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selective shade nets changes optical properties, particularly that of B: 
R and R: FR ratio [27]. In contrast to the light based farming, here no 
additional light is used and spectra are modified based on scattering 
and refraction of different light wavelength in different shade net. 
For instance, red net increases light transmission in R and FR spectra 
(600 – 800 nm), whereas, blue net enhanced the proportion of B light 
(600-700 nm) [28-31]. Shahak [32] and Nissim-Levi et al. [33] has 
well documented the utilization of photoselective nets for improving 
the performance of ornamentals and vegetables with respect to 
productivity, quality and harvest time in Israel. Sun-loving plants 
respond better when grown under red shade net, where black shade 
net is better for shade-loving plants. 

Although utilization of light based farming technology is still limited 
to some countries, there is the huge scope of exploring more avenues in 
this method that can be the foundation of future farming systems. 

Temperature

Although photoperiod is acting as a major predictable 
environmental factor, temperature also plays an important role in 
the plants’ development. Similar to light, temperature also shows 
diurnal and seasonal variation along the day which regulates the 
developmental transitions such as germination, bud dormancy, 
and bursting, or flower initiation [34]. Both high temperature and 
chilling temperature play role in deciding the fate of flowering time 
of the crop. In many of the temperate crop, flowering is triggered by 
getting certain chilling hours [34] and ensures spring flowering called 
vernalization. Hot dry winds in the summer are not congenial for the 
growth and development of the flower or fruit and generally results 
in their shedding. Although extreme levels of both high and low 
temperature are not congenial, mostly during reproductive phase as 
that may result affect pollen viability, fertilization or fruit formation 
[35,36]. The crops adapted to such extreme conditions generally 
tune themselves by either remaining dormant or avoiding flowering 
during the similar period. 

Chilling requirements

A large group of crops is grown in temperate conditions or 
low temperature. In wild, crops based on their natural habitat, they 
flower on the onset of spring, skipping the low temperature and frost 
in the winter. Individually, these crops respond to certain chilling 
requirement (total time spent below certain temperature; varies crop 
to crop) and overcoming that, the crops come into bearing. This 
chilling requirement is called vernalization. The plant remembers the 
responses of the last season and utilizes that to respond the following 
year. On exposure to similar lower temperature for a period of time in 
next year, plant reinitiates to be dormancy mostly by shading its leaves 
and reducing their energy consumption in different biochemical 
responses. This helps the plants to skip the prevailing cold weather. 
Based on these following methods are adapted to grow temperate 
crops even in the area where their minimum chilling requirement 
was not met.

• Temperate crops in the tropics: This idea has been utilized to 
grow the temperate crops in the tropical region by exposing the crops 
only once to temperate climate and then growing them in tropical 
zone or alternatively abscising leaves by either manual leaf pruning 
or chemical leaf pruning by using foliar application of urea @ 10 % or 
ethrel @ 3000 ppm in apple [37]. This has allowed the crops to expand 
its area from temperate to tropical as in the case of apple.

• Reducing chilling requirement: Although chilling 
requirements in a few crops like cherry are as high as 1500 hours and 
to substitute that alternative chemical approach is adopted. Cytokinin 
(thiodiazuron) has been found to be effective in reducing dormancy 
by substituting chilling requirement [38,39]. A few experiments in 
Rapphanus sativus also found induction of flowering on external 
GA application for the plants not exposed to chilling temperature 
[40]. However, Koshioka [41], suggested, GA can reduce chilling 
requirement but cannot substitute it in Lavendula x intermedia and is 
depended on the chilling requirement.

Elevated temperature

Unlike lower temperature, higher temperature to 27o C promote 
flowering in tropical crops like litchi or petunia [15,42] reducing it 
from as high as 90 days at 14oC to 30 days at 270C. Earlier, it has 
been a problem to grow tropical vegetable in temperate zones or 
vice versa. This has been overcome by usage of protected cultivated 
which has been advanced itself all these years where modification 
of light, temperature, mineral nutrients, atmospheric composition, 
and moisture has been possible [43,44]. Most importantly, the best 
favourable growing temperature can be achieved in this and its 
advantage has been taken to grow cole crops [45], capsicum [46], 
tomato [47], cucumber [48], etc. almost round the year from cold 
temperate zone to hot arid zones.

Hormonal regulation
Growth and development phases in plants are mostly governed 

by hormones and their levels. The levels of these hormones are mostly 
regulated by the environmental cues or some external stresses. With 
the advancement of time, the usage of different hormones in crop 
regulation has benefitted a huge number of growers. Usage of growth 
regulators in crop regulation is discussed as under.

Usage of gibberellin: As mentioned earlier, gibberellin plays 
both in making plant dormant and overcoming them. Their role in 
substitution of chilling requirement has also been discussed earlier. 
Apart from that, it has been found effective in inducing flowering in 
Philodendron  [49], Phalaenopsis [50], Brassocattleya and Cattleya 
[51]. However, they have also observed that application of GA at 
a higher concentration or at more intervals reduces the number 
of flowering or delay it [50]. For dioecious crops like spinach and 
papaya, GA3 has been found to induce maleness [52,53].

Usage of paclobutrazol: In some of the tropical crops increment 
of gibberellins had shown a reduction in the flowering number 
or delayed flowering and in cultivars of mango even result in the 
alternate bearing. The increment in the level of gibberellins represents 
its phase of vegetative growth period by suppressing reproductive 
growth. To overcome that reduction in synthesis of gibberellins is one 
of the adopted approaches by utilization of paclobutrazol (PBZ) or 
uniconazole. Davenport [54] in his experiment has shown flowering 
in mango can be hastened by more than one month on the usage 
of paclobutrazol (Table 1). Similarly, it has been found effective in 
regulating in acid lime [55].

Usage of ethrel: In few of the crops, flowering time of different 
plant varies and the grower often encounters a problem in harvesting. 
To stimulate synchronizing flowering, usage of ethrel has been 
found effective method in pineapple [56]. Apart from synchronizing 
it also regulate the type of flower as in case of pomegranate where 
more hermaphrodite flowers were produced than male flowers [57]; 
similarly, in papaya higher femaleness and hermaphroditism is 
observed on application of ethrel [58]
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Usage of cytokinin: Cytokinin has been known to promote 
axillary branching in plants [59], their role is not extensively retained 
to that and has been found to regulate flowering too. BA, a commonly 
used cytokinin has been found to promote out of season flowering 
in crops like apple and portea [60,61] and also promoted bud break 
during late dormancy [62]. It has also promoted flowering in many 
herbaceous species [63] and perennial crops [64]

Stress Regulation
Apart from the normal physiological process of light and 

temperature, it always raised confusion, what else induced flowering, 
even though their natural cues were not proper and the plants are 
generally are in unsuitable condition. Takeno [65] have reviewed that 
additional responses for flowering were due to exposure to stresses. 
Stress is defined as any factor that interrupts or restricts the normal 
metabolism of the plant, and such stress can be both natural and 
induced. Although every year horticultural crops worth billions of 
rupees were lost due to damage by pests, diseases or natural calamities 
like drought, flood, frost or wind storms; there has been identified 
mechanism by which induced stress is utilized in the regulation of 
crops [66]. Hardening-off, controlled exposure to illumination, light 
wounding, and controlled temperature are some of the examples to 
induce or regulate or induce fruiting in several crops. Stress-induced 
flowering is a response to stress or stress adaptation where they tried 
to save their species by producing seed even when they are unable to 
survive themselves as an individual [65]. Even though,, these are now 
well-documented methods, over usage of such methods beyond the 
adequate level of stress are found to be detrimental or lethal [67]. The 
following are a few methods that are now used by inducing stresses.

Drought stress
In general, plants need water at some critical points, for most, 

the critical time of irrigation is when the flower or fruits are set. It 
was observed that, if plant passes through moderate plant deficit, 
enhancement in the flowering of many horticultural and forestry 
species like litchi [68], mango[69], Pyrus [70], etc are observed. 
However, if rainfall occurs before flower bud differentiation after 
a dry spell, it increases chances of vegetative flushes instead of 
reproductive flushes in mango [71]. Pongsomboom et al. [72] also 
showed a negative correlation in maximum flowers and relative 
water content in mango. Water deficit irrigation is created either by 
regulated deficit irrigation (RDI), where evapotranspiration (ET) 
is replaced by irrigation applied to entire root zone; or by partial 
rootzone drying (PRD) where a part of roots are irrigated leaving 

other side dry at a predetermined level, before being irrigated next. 
Such stress has influenced early flowering, however, at higher water 
deficit, photosynthetic activity and nutrient uptake of the plant are 
highly reduced resulting in greater loss resulting in wilting, abscission 
of parts and ultimately death of the plant and thus needs to be taken 
care [66]. 

Mechanical stress

The earliest example of mechanical stress was observed back to 
Roman days where girdling, cinturing, nicking, and notching were 
done. This is mainly an optimum mechanical damage to a plant part, 
which interrupts vascular cambium layer activities, mainly activities 
of phloem. This creates an accumulation of carbohydrates increases 
C: N ratio, details are discussed in next section of carbon: nitrogen 
ratio; it also interrupts movement of hormones and thus their ratio, 
promoting or interrupting reproductive phase, discussed in the last 
section of the hormonal regulation.

Carbon:Nitrogen Ratio
In any of the plants, the growth pattern and development phases 

depend on their source and sink ratio, which directly or indirectly 
influences their carbohydrate to nitrogen ratio. Fruit trees might be 
viewed as a system of sinks and sources interconnected via vascular 
organs (trunk, branches or scaffold roots). When the requisite 
amount of C: N ratio is set, it phases from vegetative to reproductive 
phase provided other growth parameters are satisfied. In context to 
that, plants naturally regulate C: N ratio by degenerating old leaves, 
discarding old branches, etc. It also shows higher accumulation of 
C: N ratio when it is followed by a wound at the cambium layer, e.g. 
attack of bark eating caterpillar (Inderbela quadrinotata Moore) or 
by rats, which peels the cambium layer and causes accumulation 
of carbon and increase C: N ratio and eventually promotes earlier 
flowering. Following nature, a number of practices were now adopted 
where C: N ratio is enhanced by simpler techniques, most common 
of them is pruning.

Pruning and similar activities

Another method is pruning (removal of plant parts). Pruned 
trees restore the root to shoot ratio. Young trees are usually pruned 
in order to obtain a framework that is strong and accessible for other 
cultural practices. Fully grown fruit trees are pruned to maintain the 
canopy height, spread and density required for easy spraying, fruit 
thinning and harvest. Time of pruning and intensity regulates the 
flowering time of the crop as in guava [73].

With application of paclobutrazol
Months from synchronizing pruning for ‘Haden’
0 1 2 3 4 5 6 7 8 9 10 11 12
SP P   NO3

-         Flowering Harvest
Months from synchronizing pruning for ‘Tommy Atkins’
0 1 2 3 4 5 6 7 8 9 10 11 12
SP P NO3

- Flowering Harvest 
Without application of paclobutrazol
Months from synchronizing pruning for ‘Haden’
0 1 2 3 4 5 6 7 8 9 10 11 12
SP NO3

- Flowering Harvest
Months from synchronizing pruning for ‘Tommy Atkins’
0 1 2 3 4 5 6 7 8 9 10 11 12
SP NO3

- Flowering Harvest

Table 1: Mango flowering program with and without the use of paclobutrazol or uniconazole for early floral stimulation of an early induced cultivar (Haden) and a more 
difficult-to-induce cultivar (Tommy Atkins). Schedule assumes rapid flush response one month after the synchronizing pruning [54].
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selected instead of making it flower round the year. Generally, guava, 
citrus and pomegranate flowers thrice a year in various part of the 
country, viz. mrig bahar (flowering in rainy season, July-August); 
haste bahar (flowering in autumn season, October- November) and 
ambe bahar (flowering in spring season, February-March). Here the 
crop is not permitted to flower in other seasons either by manual 
removal of flowers or chemical thinning with ethrel, followed by 
giving water stress for few days’ advance of required season. This 
method, reduces the carbon load during other seasons and thus C: 
N remains maintained. When the crop is needed to flower, they give 
higher number of flowers and comparatively better fruiting. 

Discussion and Conclusion
With changing scenario, it has been important to grow the crop 

out of their regular season. Table 2 represents multiple modes of 
artificial methods by which we have succeeded in manipulating the 
crop production scenario along this year and continuously improving 
apart from breeding and biotechnological intervention. All of these 
methods have their own advantages and limitation. If the method of 
manipulation is not followed satisfactorily, consequences may result 
in loss of the crop; although majority of these methods were widely 
accepted among the growers and benefits have extracted from them.

References

1.	 Anonymous (2014) Handbook of horticulture statistics-2014. Department of 
agriculture and cooperation, Ministry of Agriculture, Government of India: 
New Delhi.

2.	 Prabhakar M, Gajanana TM, Aswath C, Krishna Reddy M, Ganeshmurthy 
AN, et al. (2014) Vision 2050. Indian Institute of Horticultural Research: 
Bengaluru.

3.	 Ni Z, Kim ED, Ha M, Lackey E, Liu J, et al. (2009) Altered circadian rhythms 
regulate growth vigour in hybrids and allopolyploids. Nature 457: 327-333.

Root pruning is a horticultural practice that when coupled with 
other techniques will severely dwarf trees. A number of authors have 
suggested that root pruning induces flower initiation in apple trees 
[74,75]. Schumacher et al. [75,76] have reported an increase in flower 
number on root pruned apple trees and fruit set was reduced with 
decreased fruit size. A reduction in fruit size and weight was also 
reported for root-prune grapefruit trees [77,78]. The effect of root 
pruning on flowering of fruit trees is similar to the effects created by 
scoring or ringing the trunk.

Another method is cincturing, a ring is made around the main 
stem and similar to girdling, it has been effective in maintaining C: N 
ratio and advocates higher number of fruits in avocado [33] and litchi 
[79]. Although the response is based on the time of cincturing [78].

Although pruning, nicking, notching, cincturing, etc. are some of 
the methods where the movement of phloem is hampered and results 
in accumulation of carbon. These results in a reduction of the sink 
and thus the same amount of source will be available for a smaller 
group of the sink and thus level of carbon will rise and thus chances of 
reproductive phase. This has been found effective in many fruits crops 
that include mango, litchi, sapota etc.

Girdling and related techniques

Farmers have practiced the use of girdling and related techniques 
(Cincturing, nicking, notching ringing, scoring, strangulation, 
stripping and wiring) in horticulture for thousands of years in order 
to increase crop production. Girdling on the tree is basically an 
intervention in the phloem transport system between plant canopy 
and their roots, in an attempt to manipulate the distribution of 
photosynthetic, mineral nutrients, and plant hormones. However, its 
extensive use is limited due to difficulties in determining the optimal 
time and environmental conditions for each location, species and 
cultivar and concern on ill effect of girdling causing severe or even 
lethal damage by their single or repeated treatments. In spite of these 
reservations, girdling is widely used even today with grapes [80], 
citrus [81], apple [82], mango [83], Jamun [84] and other fruit crops, 
mainly in order to regulate growth, improve fruit set, size and quality.  
Among fruit trees, it has been most frequently used with mango, to 
demonstrate the role of leaves in supplying the floral stimulus [85]; 
apple [86,87] inducing flowering (up to +534 % in “Red Fuji”) and in 
citrus  [88] to hasten flowering of juvenile seedling. The promotion 
of flowering by girdling may reflect the need for threshold levels 
of carbohydrate in the canopy for flower formation [89] besides 
transport of plant hormones [90]. Thus girdling seems to remain an 
effective tool for growth regulation in both herbaceous and perennial 
plants, providing a positive effect on floral induction.

Twisting and bending twisting

Bending and spreading to produce dwarfed plants and various 
forms of topiary work are also ancient practices. Bending and tying or 
weighing down branch ends with a brick, planting trees at a 450 angle, 
bending and twisting branches into a loose knot have all been used in 
stress induction of growth of otherwise dormant lateral buds and to 
promote flower-bud formation and fruiting. Significant differences 
were seen when bending is followed in guava to produce off-season 
flowering [91,92] and in rose [93].

Bahar treatment

It has been a method to regulate flowering in guava [94], acid 
lime [95] and pomegranate [96,97], where only season of flowering is 

Plant response Natural 
Phenomenon Artificial Manipulation

Photoperiod Flowers in long day

Increasing day length by use of 
artificial lights (Red light) 

Night Break
Intermittent light

End of the day treatment

Flowers in short day
Black out

Reducing day length by usage of 
artificial lights (far-red light)

Light quantity Low presence of light
Reflective film

Intermittent light

Light quality Response of different 
light spectra

Use of photoselective shade net
Use of specialized lights

Temperature Chilling requirement
Vernalization

Use of gibberellins

Carbohydrate to 
nitrogen ratio

High C: N ratio 
favour flowering

Girdling, cinturing, Nicking and 
Notching
Pruning

Time of fertilizer application
Stress Water stress Withhold irrigation

Wound injury
Girdling, cinturing, nicking and

 notching
Shoot and root pruning

Hormonal 
Regulation

High gibberellins 
delay flowering or 

may favour alternate 
bearing

Application of Paclobutrzol or
 Uniconazol

Application of ethylene
Application of cytokinin

Table 2: Modes of artificial manipulation in horticultural crop production cycle.
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