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Abstract 
The plant growth regulators are chemical compounds, which can regulate some important metabolic 

activities in plants. They influence on growth and development of plants, which influence the increase in 

yield, quality of product, flowering and some other parameters. Plant growth regulators include auxins, 

gibberellins, cytokinin’s, ethylene, growth retardants and growth inhibitors. Production of low-quality fruits 

is a common experience therefore, to improve the yield and quality of fruit crops application of growth 

regulators is one of the important production strategy. Application of micronutrients and growth regulators 

applied fifteen days after fruit set was more effective in improving fruit quality as compared to thirty days 

after fruit set. The pomegranate plant continues to bear flowers irregularly once, twice or thrice in a year, 

depending upon germplasm, agro-climatic conditions and management practices. It produces a low yield of 

inferior quality with non-synchronized maturity. To avoid this, flower regulation is practiced to encourage 

prolific harvest at specific time depending upon rainfall/irrigation facilities, pests and diseases incidence and 

market demand. Investigated research areas - Moisture stress, plant growth regulators, nutrient and canopy 

management (training, pruning and thinning) are major horticultural interventions which influence 

flowering. Although, many studies have been conducted in different countries to induce profuse flowering 

with improved sex ratio, fruit set, retention and ultimately high-quality fruiting in desired season.  
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Introduction 
 

Plant growth regulators or phytohormones are 

organic substances produced naturally in higher 

plants, controlling growth or other 

physiological functions at a site remote from its 

place of production and active in minute 

amounts. PGRs can influence plant height, leaf 

number, leaf area index, dry mass, chlorophyll 

content, photosynthetic parameters, seed yield, 

oil yield, nutritional status etc. Among different 

elite horticultural practices, growth regulators 

https://doi.org/10.36811/ijpsh.2022.110038
http://www.raftpubs.com/
mailto:yadavakdr@gmail.com
mailto:drkumaryadav@rediffmail.com


Effect of Plant Hormones & Micro nutrients on Fruit Production: A 

Review 
DOI: https://doi.org/10.36811/ijpsh.2022.110038                  IJPSH: August-2022: Page No: 62-90 
 

 

  Page: 63 

www.raftpubs.com  

have been advantageously used in the recent 

time to increase the fruit production and to 

improve the quality of several other fruit crops. 

Plant growth regulators include auxins, 

gibberellins, cytokinins, ethylene, growth 

retardants and growth inhibitors. Pomegranate 

(Punica granatum L.) is an important fruit crop 

of the tropical and subtropical regions of the 

world. It can be grown from plains to an 

elevation of up to 2000 meter. Under temperate 

environment, it behaves as a deciduous plant 

while in subtropical and tropical climate it 

behaves as evergreen or partially deciduous 

plant. In India, it is cultivated in over 1.20 lakh 

ha area with an annual production of 7.5 lakh 

tonnes and with a productivity of about 6.60 

tonnes per ha. Maharashtra state is the largest 

producer of this fruit crop in India. The edible 

part of the fruit is called arils which are eaten 

fresh and can be preserved as syrup or used for 

making jam. The fruit peel, stem, root bark and 

leaves are a good source of secondary products 

such as tannins, dyes and alkaloids. 

Anthocyanin in pomegranate arils is a rich 

source of antioxidants. The edible parts of fruit 

contain considerable amount of proteins, 

carbohydrates, minerals, sugars, vitamins, 

polysaccharides and polyphenols. The reducing 

sugars, non-reducing sugars, total sugars, 

acidity, ascorbic acid and total soluble solids 

etc. are important components determining 

quality of fruit juice in pomegranate. The 

quality of the pomegranate fruits is manageable 

through maintaining soil moisture and avoiding 

wide variation in soil moisture, cultivation of 

recommended cultivars and application of 

adequate and regular irrigation during fruit 

growth stages. Also, use of growth regulators 

and micronutrients has also been reported 

effective in managing fruit quality in 

pomegranate [1,2]. Although several workers 

have evaluated the effect of nutrients and 

growth regulators on fruit quality of 

pomegranate in different parts of the world; the 

present study was undertaken to complement 

the available information on this aspect under 

Haryana conditions. 

 

Plant hormone 
 

It is restricted to naturally occurring plant 

substances, there fall into five classes. Auxin, 

Gibberellins, Cytokinin, ABA and ethylene. 

Plant growth regulator includes synthetic 

compounds as well as naturally occurring 

hormones. 

 

1. Plant growth hormone:  

 

The primary site of action of plant growth 

hormones at the molecular level remains 

unresolved. Reasons each hormone produces a 

great variety of physiological responses. 

Several of these responses to different 

hormones frequently are similar. The response 

of a plant or a plant part to plant growth 

regulators may vary with the variety of the 

plant. Even a single variety may respond 

differently depending on its age, environmental 

conditions and physiological state of 

development (especially its natural hormone 

content) and state of nutrition. There are always 

exceptions for a general rule suggesting the 

action of a specific growth regulator on plants. 

There are several proposed modes of action in 

each class of plant hormone, with substantial 

arguments for and against each mode. The 

importance of PGRs was first recognized in the 

1930s. Since that time, natural and synthetic 

compounds that alter function, shape and size 

of crop plants have been discovered. Today, 

specific PGRs are used to modify crop growth 

rate and growth pattern during the various 

stages of development from germination 

through harvest and post-harvest preservation. 

Growth regulating chemicals that have positive 

influences on major agronomic crops can be of 

value. 

 

Classes of plant growth regulators:  

 

Growth promoters:  

 

The plant-bio regulators or hormones which 

have catalytical effect, i.e. take a vital role in 
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plant growth are called growth promoter e.g. 

Auxins, Gibberellins and Cytokinins. 

 

1. Auxins:  

 

Auxins are a group of phytohormones produced 

in the shoot and root apices and they migrate 

from the apex to the zone of elongation. Auxins 

promote the growth along the longitudinal axis 

of the plant and hence the name (auxeins: to 

grow or to increase). The term, auxins was 

introduced by Kogl and Haagen-Smit (1931) 

designating those plant hormones which are 

especially concerned with cell enlargement or 

the growth of the shoots. Went (1926 and 1928) 

isolated auxins from the Avena coleoptile tips 

by a method called Avena coleoptile or 

curvature test and concluded that no growth can 

occur without auxins. Auxins are widely 

distributed throughout the plant however, 

abundant in the growing tips such as coleoptile 

tip, buds, root tips and leaves. Indole Acetic 

Acid (IAA) is the only naturally occurring 

auxin in plants. An auxins may, thus, be defined 

as an organic substance which promotes growth 

(i.e., irreversible increase in growth) along the 

longitudinal axis when applied in low 

concentrations to shoots of the plants freed as 

far as practicable from their own inherit growth 

promoting substances. Auxins may, and 

generally do, have other properties but this one 

is critical‖ [3]. At low concentration, they 

(auxins) stimulate growth while at high 

concentration they retard growth. They are 

characterized by causing cell enlargement and 

stem elongation in plants. They are also active 

in development of branches in plants and are 

associated with apical dominance. 

Physiological effects of auxins.  

 

It was previously thought that the sole function 

of auxins was to promote cell enlargement. But 

the work done in later years has proved them to 

be deeply associated with a variety of functions. 

In some cases they act as a stimulating agent, in 

others as an inhibitory agent and in still others 

as a necessary participant in the growth activity 

of other phytohormones such as gibberellins 

and cytokinins. The various growth processes 

in which the auxins (both natural and synthetic) 

play their role are in listed below. 

 

The discovery of auxins can be traced back to 

work done by Charles Darwin in the 1880s 

when he was trying to find the reason why 

plants bend toward light. He found that the tip 

of a coleoptile sensed light and there was a 

diffusible substance produced there that caused 

the shaded side to grow more rapidly than the 

illuminated side [4]. Many others such as 

Boysen-Jensen, Paal, and Went in the early 

1900s contributed to the body of information 

which eventually resulted in the discovery of 

the first plant hormone group auxins. IAA was 

identified from lower plants in the 1930s and 

finally from higher plants in the early 1940s [5]. 

This pathway to auxins discovery spanned 50 

years. Valuable lessons were learned related to 

extraction, purification and detection which, 

coupled with methodology advancements, 

made the pathway to discovery and 

identification much shorter for the other plant 

hormones. The research with auxins in the 

1930s can be considered the start of PBR 

research. 

 

Physiological effects of Auxins: 

 

1. Cell division and elongation: The primary 

physiological effects of auxins are cell division 

and cell elongation in the shoots. It is important 

in the secondary growth of stem and 

differentiation of xylem and phloem tissues. 

 

2. Apical dominance: In many plants, if the 

terminal bud is intact and growing, the growth 

of lateral buds just below it remains suppressed. 

Removal of the apical bud results in the rapid 

growth of lateral buds. This phenomenon in 

which the apical bud dominates over the lateral 

buds and does not allow the lateral buds to grow 

is known as apical dominance [6]. 

 

3. Root initiation: The higher concentration of 

auxins inhibits the elongation of roots but the 

number of lateral roots is considerably 
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increased i.e., higher concentration of auxins 

induces more lateral branch roots. Application 

of IAA in lanolin paste (lanolin is a soft fat 

prepared from wool and is good solvent for 

auxins) to the cut end of a young stem results in 

an early and extensive rooting. This fact is of 

great practical importance and has been widely 

utilized to promote root formation in 

economically useful plants which are 

propagated by cuttings. 

 

4. Prevention of abscission: Natural auxins 

prevent the formation of abscission layer which 

cause the fall of leaves, flowers and fruits in tree 

plant. 

 

5. Parthenocarpy: Auxins can induce the 

formation of parthenocarpic fruits (fruit 

formation without pollination and fertilization). 

In parthenocarpic fruits, the concentration of 

auxins in the ovaries is higher than in the 

ovaries of plants which produce fruits only after 

fertilization. In the later cases, the concentration 

of the auxins in ovaries increases after 

pollination and fertilization. 

 

6. Respiration: Auxin stimulates respiration and 

there is a correlation between auxins induced 

growth and respiration. Auxins may increase 

the rate of respiration indirectly through 

increased supply of ADP by rapidly utilizing 

ATP in the expanding cells. 

 

7. Callus formation: Besides cell elongation, 

auxins may also be active in cell division. In 

many tissue cultures, where the callus growth is 

quite normal, the continued growth of such 

callus takes place only after the addition of 

auxins. 

 

8. Eradication of weeds: Some synthetic auxins 

especially 2, 4-D and 2, 4, 5-T are useful in 

eradication of weeds at higher concentrations. 

 

9. Flowering and sex expression: Auxins 

generally inhibit flowering but in pine apple 

and lettuce it promotes uniform flowering. 

 

2. Gibberellins:  

 

The gibberellins were discovered in an 

interesting and incidental way. In early part of 

the twentieth century, Japanese farmers 

Kurosawa noted that some plants in rice fields 

were taller, thinner and paler than the normal 

plants; had longer and narrower leaves 

markedly overgrowing their unaffected 

neighbours; and were sometimes devoid of 

fruits too. They named this disease as bakanae, 

meaning foolish seedlings. [7] suggested that 

the disease is due to a substance‘secreted by a 

parasitic as Ascomycetous fungus, Gibberella 

fujikuroi (the perfect form, occurring only 

occasionally; the imperfect form is Fusarium 

moniliforme, in infecting the diseased plants. 

This suggestion was experimentally supported 

by [8] who demonstrated that sterile filtrates of 

the fungus could initiate symptoms of bakanae 

disease in healthy rice seedlings. Later in [9,10] 

isolated this growth promoting substance in 

crystalline form and named it as gibberellins A, 

which has now been shown as a mixture of 

many growth promoters, collectively known as 

gibberellins. 

 

Since that time, gibberellins and allied 

substances have been found in higher plants 

also by [11-13]. A gibberellins (abbreviated as 

GA, for gibberellic acid) may be defined as a 

compound which is active in gibberellin 

bioassays and possesses a gibbane ring 

skeleton. There are, however, other compounds 

(like kaurene) which are active in some of the 

assays but do not possess a gibbane ring. Such 

compounds have been called gibberellin-like 

rather than gibberellins. The best known of 

gibberellins is Gibberellic acid (i.e. GA3). The 

discovery of gibberellins can be traced back to 

Japanese pathologist in the 1920s who studied 

the foolish rice disease, a disease that caused 

rice plants to grow so rapidly that stems were 

too weak resulting in lodging. The cause of this 

exaggerated growth was determined to be the 

production of a growth stimulating substance 

produced by the fungus Gibberella fujikuroi. 

Impure crystals containing a mixture of active 
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ingredients were isolated in the late 1930s [14]. 

This information, and the significance of the 

discovery, did not surface until the 1950s 

because the information was published in 

Japanese in Japanese journals and there was a 

lack of exchange of information with the 

western world that was associated with World 

War-II. Gibberellic acid was identified, 

crystallized and synthesized in the 1950s [15]. 

 

Physiological effects of gibberellins: 

 

1. Seed germination: Certain light sensitive 

seeds of Lettuce and tobacco show poor 

germination in dark. Germination starts 

vigorously if these seeds are exposed to light or 

red light. This requirement of light is overcome 

if the seeds are treated with gibberellic acid in 

dark. 

 

2. Dormancy of buds: In temperate regions the 

buds formed in autumn remain dormant until 

next spring due to severe cold. This dormancy 

of buds can be broken by gibberellins 

treatments. In potato also, there is a dormant 

period after harvest, but the application of 

gibberellins sprouts they refer vigorously. 

 

3. Root growth Gibberellins have little or no 

effect on root growth. At higher concentration, 

some inhibition of root growth may occur. The 

initiation of roots is markedly inhibited by 

gibberellins in isolated cuttings. 

 

4. Elongation of internodes the most 

pronounced effect of gibberellins on the plant 

growth is the elongation of the internodes. 

Therefore in many plants such as dwarf pea, 

dwarf maize etc gibberellins may overcome the 

genetic dwarfism. 

 

5. Bolting and flowering in many herbaceous 

plants, the early period of growth shows rosette 

habit with short stem and small leaves. Under 

short days, the rosette habit is retained while 

under long days bolting occurs i.e. the stem 

elongates rapidly and is converted into polar 

axis bearing flower primordia. This bolting can 

also be induced in such plants by the application 

of gibberellins even under non-inductive short 

days. In Hyoscyamusniger (a long day plant) 

gibberellin treatment causes bolting and 

flowering under non-inductive short days. 

While in long day plants the gibberellin 

treatment usually results in early flowering.  

 

6. In short day plants, its effect sare quite 

variable. It may either have no effect or inhibit 

or may activate flowering. Parthenocarpy 

Germination of the pollen grains is stimulated 

by gibberellins; likewise, the growth of the fruit 

and the formation of parthenocarpic fruits can 

be induced by gibberellin treatment. In many 

cases, e.g. pome and stone fruits where auxins 

have failed to induce parthenocarpy, the 

gibberellins have proven to be successful. 

Seedless and fleshly tomatoes and large sized 

seedless grapes are produced by gibberellin 

treatments on commercial scale. 

 

7. Synthesis of the enzyme one important 

function of gibberellins is to cause the synthesis 

of the enzyme amylase in the aleurone layer of 

the endosperm of cereal grains during 

germination. This enzyme brings about 

hydrolysis of starch to form simple sugars 

which are then translocated to growing embryo 

to provide energy source. 

 

3. Cytokinins:  

 

The word for Cytokinins is a generic name for 

all naturally occurring substances that are 

known to promote cell division. The term, 

Cytokinins was proposed by [16]. They are also 

known to delay senescence. The first naturally 

occurring cytokinin was found in corn and is 

referred as zeatin. The most widely distributed 

cytokinins are the synthetic benzyl adenine and 

kinetin. Kinetin was discovered from the 

tobacco pith callus and the chemical substance 

was identified as 6-furfuryl amino purine. The 

natural cytokinin appears to be made 

principally in apical root meristem, 

inflorescences and developing fruits. Certain 

cytokinins have been found to be the 
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constituent of certain transfer RNA molecules 

in a number of different organisms. They are 

also involved in stimulation of organ formation 

e.g. formation of leave, fruit, buds, and 

branches. They tend to contract or overcome 

apical dominance and break dormancy. They 

also enhance seed germination and uniform 

flowering. Cytokinins regulate the 

transportation of metabolites in the phloem. 

Cytokinins are also useful in the preservation of 

flowers, fruits and leafy vegetables. 

 

The discovery of cytokinins can be traced back 

to activities in the lab of Folke Skoog at the 

University of Wisconsin in the late 

1940s.Skoog and Miller were studying cell 

division factors using a tobacco pith callus 

culture system. Cell division factors were found 

in coconut milk and yeast extracts and analysis 

of the active region on chromatograms 

suggested that the active factor was a purine 

[17]. All known purines were tested and found 

to be inactive, but degraded herring sperm DNA 

yielded significant activity. The active factor 

was finally identified and called Kinetin, but it 

was found to be a breakdown product of the 

DNA and not a naturally occurring compound 

[18]. Armed with success, biological activity 

and a system for detecting biological activity, 

Zeatin was isolated from immature corn kernels 

by Letham in 1963 [16]. 

 

Physiological effects of Cytokinins: 

 

1. Cell division: The most important biological 

effect of kinetin on plants is to induce cell 

division especially in tobacco pith callus, carrot 

root tissue, soybean cotyledon, pea callus etc. 

 

2. Cell enlargement: Like auxins and 

gibberellins, the kinetin may also induce cell 

enlargement. Significant cell enlargement has 

been observed in the leaves of Phaseolus 

vulgaris, pumpkin cotyledons, tobacco pith 

culture, cortical cells of tobacco roots etc. 

 

3. Concentration of apical dominance: External 

application of Cytokinins promotes the growth 

of lateral buds and hence counteracts the effect 

of apical dominance  

 

4. Dormancy of seeds: Like gibberellins, the 

dormancy of certain light sensitive seeds such 

as lettuce and tobacco can also be broken by 

kinetin treatment. 

 

5. Delay of senescence (Richmond & Lang 

effect): The senescence of leaves usually 

accompanies with loss of chlorophyll and rapid 

breakdown of proteins. Senescence can be 

postponed to several days by kinetin treatment 

by improving RNA synthesis followed by 

protein synthesis. [19] while working on 

detached leaves of Xanthium found that kinetin 

was able to postpone the senescence for a 

number of days. 

 

6. Flower induction: Cytokinins can be 

employed successfully to induce flowering in 

short day plants. 

 

7. Morphogenesis: It has been shown that high 

auxins and low kinetin produced only roots 

whereas high kinetin and low auxins could 

promote formation of shoot buds. 

 

8. Accumulation and translocation of solutes 

Plants accumulate solutes very actively with the 

help of Cytokinin and also help in solute 

translocation in phloem. 

 

9. Protein synthesis: [20] demonstrated the 

increased rate of protein synthesis due to 

translocation by kinetin treatment.  

 

10. Other effects Cytokinins provide resistance 

to high temperature, cold and diseases in some 

plants. They also help in flowering by 

substituting the photoperiodic requirements. In 

some cases, they stimulate synthesis of several 

enzymes involved in photosynthesis. Certain 

light sensitive seeds e.g. Lettuce and tobacco 

show poor germination in dark. Germination 

starts vigorously if these seeds are exposed to 

light or red light. This requirement of light is 

overcome if the seeds are treated with 
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Gibberellic acid in dark e.g. Lettuce and 

tobacco. 

 

11. Commercial applications Cytokinins useful 

for increasing shelf life of fruits, quickening of 

root induction and producing efficient root 

system, increasing yield and oil contents of oil 

seeds like ground nut. 

 

4. Growth inhibitors:  

 

The plant bio-regulators which selectively 

interfere with normal hormonal promotion of 

growth are called Growth Inhibitor e.g. 

Abscisic acid and Ethylene. 

 

5. Abscisic acid (ABA):  

 

These were previously called Dormin or 

Abscisin mainly because of their regulatory 

effect on abscission and dormancy. This 

hormone is widespread in higher plants and is 

found in many different organs and tissues 

(both old and young) of plants. ABA induces 

abscission of the leaves of a wide variety of 

plants and fruits of some plant species. ABA 

appears to be an internal factor inducing 

dormancy in the buds of at least some 

temperature zone woody plants. ABA also 

prevents or delays the germination of seeds. 

ABA retards the growth of a large variety of 

plant tissues and organs including leaves, 

coleoptiles, stems, hypocotyls and roots. It 

promotes senescence through leaf abscission, 

degeneration of excised leaves and acceleration 

of decomposition of chlorophyll. 

 
 

Figure 1: Stomata closure restricts the uptake 

of CO2 in the leaves of a drought-stressed plant 

leading to the production of (a) H2O2 in the 

peroxisome by photorespiration, which 

enhances (b) O2
− and H2O2 production, (c) 1O2 

production, by the photosynthetic electron 

transport chain. PSI and PSII (Photosystem 1 

and Photosystem II); RuBP, Ribulose 1-5 

bisphosphate; PGA, 3-Phosphoglyceric acid. 

 

Physiological effects of Abscisic acid (ABA) 

 

1. Stomata Closure: Water shortage brings 

about increase in ABA level, leading to stomata 

closure as a response to water stress.  

2. Growth Inhibiters: ABA inhibits shoot 

growth but has less effect on root growth  

3. GA Counteracts: ABA counteracts the effect 

of gibberellins on alpha amylase synthesis in 

germinating seeds. 

4. Induced Dormancy: ABA affects induction 

or maintenance of dormancy in seeds. 
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Figure 2: Pathways of abscisic acid synthesis, 

transport, and signaling. Notes: (a) Enzymes 

and intermediate products of the plastidial, 

endoplasmatic, and cytosolic pathways for 

abscisic acid production unify to the plastidal 

production of zeaxanthin (blue) as precursor for 

abscisic acid (red) synthesis in the cytosol. The 

storage pathway is catalyzed by Bg1 and Bg2 

as well as by members of the Ugt71B gene 

family. For further details, see text. The arrows 

are colored according to the species in which 

the enzymes were found (fig. 1a). The 

expression of the identified genes in tomato is 

shown as explained in figure 2. Genes coding 

for enzyme activities not expressed by any 

orthologue are indicated in gray. (B) Survey 

and localization of main transporters involved 

in uptake and intracellular distribution of 

abscisic acid. (C) The components involved in 

abscisic acid signaling are represented as 

interaction scheme. abbreviations: Proteins: 

ABA, ABA deficient; VDE1, violaxanthin de-

epoxidase; NCED, nine-cis-

epoxycarotenoiddioxygenase; CYP707A, 

cytochrome P450, family 707, subfamily A; 

UGT71B, UDP-glucosyltransferase 71B; BG, 

beta-1,3-glucanase; ABCG, ATP-binding 

casette G25; DTX, detoxification efflux carrier; 

ABCG, ATPbinding cassette g; ait, aBa-

importing transporter; aBcc1, atP-binding 

cassette c; gtg, gPcr-type g protein; gcr, g 

protein coupled receptor; gPa, g ProtEin alpha 

subunit; cch, conditional chlorina; WrKy, 

WrKydna-binding protein; Pyl1, Pyr1-like 1, 

Pyr, pyrabactin resistance; rcar, regulatory 

component of aBa receptor; snrK, sucrose non 

fermenting 1(snf1)-related protein kinase; aBi, 

aBa insensitive; aBf, abscisic acid responsive 

elements-binding factor.  

 

1. Growth retardants: These are the synthetic 

organic compounds causing retardation of cell 

division by inhibiting biosynthesis of plant 

hormones without evocating substantial growth 

distortions e.g. Onium compounds, 

pyrimidines, trizoles, tetcyclacis, morphactins, 

maleic hydrazideetc Abscisic acid (ABA) was 

the last major hormone to be identified, 

although its existence had been forecast for 

some time. Groups lead by Addicott studying 

hormonal relationships in cotton [21] and 

Wareing studying dormancy in woody 

perennials independently identified Abscisin II 

in cotton and Dormin in woody plants [22]. The 

two compounds were ultimately determined to 

be identical and were given the name Abscisic 

acid in 1967 at a plant hormone conference in 

Ottawa, Canada. 
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2. Maleic hydrazide (MH): It is incorporated 

into the nucleolus as a part of the RNA fraction 

and it blocks the cell division by interfering 

with the production of uracil. It is a general 

inhibitor of meristematic activity, it retards 

stem elongation and prevents leaf and flower 

initiation, as well as fruit set and enlargement. 

 

6. Ethylene:  

 

This is a simple gas that is produced in small 

quantities by many plant tissues and they serve 

as a very powerful regulator of growth and 

development. They are found very prominently 

in physiologically matured fruits undergoing 

ripening. 

 

The growth regulation properties of ethylene 

were first noted by Nejublov in 1901 who 

reported that leaf abscission could be stimulated 

by coal gas. Subsequently, Denny and Miller in 

1935 reported that ethylene could break 

dormancy, advance fruit ripening, stimulate 

flowering in pineapple, and was naturally 

produced by many organs in the plant, 

respectively [23,24] suggested that ethylene 

was an endogenous hormone. The assertion that 

ethylene should be elevated to hormonal status 

was largely dismissed by the scientific 

community. It was difficult to fathom how a 

two carbon compound floating freely in the air 

could be seriously considered to be a hormone. 

It was not until 1959 when the gas 

chromatograph was adopted as the primary way 

to quantify endogenous ethylene, that the 

physiological significance and importance of 

ethylene was recognized. Ethylene was then 

elevated to hormonal status [25]. 

 

Physiological effects of ethylene: 

 

1. Fruit Ripening Ethylene in the form of gas 

helps ripens fruits under natural conditions.  

2. Flower InitiationEthrel (Ethephon) and ACC 

promote flower initiation in pineapple. 

3. Leaf and Fruit AbscissionAccelerates fruit 

abscission for mechanical harvesting in fruit 

crops such as grapes, cherries and citrus.  

4. Inhibit Vegetative Growth Ethephon may be 

used for inhibiting vegetative growth of grape 

vines resulting in higher yield and better 

quality. 

 

7. Plants Hormones inhibit GA3 

biosynthesis:  

 

Several synthetic compounds, known as growth 

retardants, inhibit stem elongation by inhibiting 

GAs biosynthesis. GAs biosynthesis inhibitors 

fall into three classes. Onium compounds such 

as quaternary ammonium (e.g.chlormequat 

chloride or CCC, mepiquat chloride and AMO-

1618) and phosphonium compounds (e.g. 

chlorphonium chloride) blocks the synthesis of 

ent-kaurene. AMO-1618 and CCC specifically 

inhibit the activity of copalyldiphosphate 

synthase and to a lesser extent that of ent-

kaurene synthase. The second class consists of 

nitrogen containing heterocyclic compounds, 

such as ancymidol (pyrimidine), tetcyclacis 

(norbornanodiazetine) and trizole type 

compounds (e.g. paclobutrazol, uniconazole). 

These compounds inhibit the oxidation of ent-

kaurene to ent-kaurenoic acid by P450 mono 

oxygenases. The third group includes 

acylcyclohexanediones, which inhibit the 2-

oxoglutarate dependent dioxygenases in 

Gasbiosynthesis. Acylcyclohexanediones, such 

asprohexadione-Ca and trinexapac-ethyl (a salt 

and an ester, respectively) are structurally 

similar to 2-oxoglutarate and are inhibit 

dioxygenase activity by competing for the 

binding site for the cosubstrate, 2-oxoglutarate. 

 

8. Plant Hormones not inhibits GAs 

biosynthesis:  

 

Morphactins (fluorene, fluorene-9-carboxylic 

acid and chlorfluorenol): These are derivatives 

of fluorene-9-carboxylic acid, which has a 

fluorene nucleus. These compounds may exert 

their effect byinfluencing the plant‘s auxin 

metabolism, thus causing alterations in 
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hormonal control and such consequent 

responses as loss of apical dominance. These 

compounds are useful to control the growth of 

woody plants, but they have been known to 

cause foliar distortions, retardation of stem 

elongation and breaking of axillary bud. It also 

stimulate abscission of flowers and fruits 

because the firmness of attachment of fruit to 

the plant can be decreased by application of 

morphactins, they may become useful aids in 

the mechanical harvesting of grapes and tree 

fruits.  

 

9. Role of PGR in fruit production: PBRs are 

used more extensively in tree fruit production 

than in any other horticultural or agricultural 

commodity, and they are essential for effective 

and profitable production. Several commercial 

uses have been selected to illustrate the 

evolution of the involvement of PBRs from 

infancy to the present and progress made in the 

fundamental understanding of how regulation 

by PBRs is achieved. 

 

Fruit drop of Fruit Crops 

 

Fruit abscission is considered as most important 

physiological response thatis regulated by 

PBRs. This regulation of abscission occurs at 

two very different times in the life and 

development of a fruit. The first occurs early in 

or at the start of fruit development and this will 

be referred to as the flower abscission or 

chemicalthinning period and second period 

when fruit drop prematurely or drop just as they 

are entering the development period when they 

can be harvested. Observations that auxins 

delayed leaf petiole abscission lead to the 

finding in the late 1930s by Gardner et al., 

(1939) that Naphthaleneacetic acid (NAA) and 

naphthalene acetamide (NAAm) could reduce 

preharvest drop. Other auxins were tested 

including 2,4-D (2,4-dichlorophenoxyacetic 

acid) but most proved to be unsatisfactory. 

Fenoprop (2-[2,4,5-trichlorophenoxy] 

propionic acid) was discovered in the 1950s and 

proved to be very successful [26] but the 

registration was dropped in the 1980s due to 

fear of contamination with the carcinogen 

dioxine. The preharvest drop control properties 

of daminozide (2,2-dimethylhydrazide) were 

recognized in the 1960s soon after its growth 

control properties were recognized (Edgerton 

and Hoffman, 1966). This compound was the 

dominant preharvest drop control compound 

for over 20 years, not only because of its 

effectiveness but also because it delayed 

ripening, increased red color, reduced ethylene 

production and enhanced flesh firmness. The 

registration of daminozide for use on apples 

was withdrawn in 1989 because of health 

concerns. NAA remained as the lone, viable 

drop control compound but the drop control 

properties were relatively short-lived, if two 

NAA applications were made or if the time 

between application and harvest was delayed, 

fruit softening and reduced storage life 

frequently occurred [27]. As a stand-alone 

PBR, NAA could not fill the gap vacated by 

daminozide. 

 

The ethylene biosynthesis inhibitor 

aminoethoxyvinylglycine (AVG) was 

recognized as having stop drop capabilities in 

1978 [28] but it was not developed for this 

purpose because daminozide was a very 

acceptable compound, it possessed several 

additional assets and an economical way was 

not known to produce this product and be 

competitively priced. Following the loss of 

daminozide Abbott Laboratories (now Valent 

Biosciences Corp.) initiated drop control 

studies with AVG and in 1997 and AVG was 

registered as a drop control compound on 

apples. It remains today as the prominent drop 

control PBR. The most recent candidate as a 

drop control PBR is 1-methylcyclopropene (1-

MCP) [29]. This is a compound that is released 

as a gas which then binds irreversibly to 

ethylene binding sites within the plant. It was 

first used in the mid-1990s to extend the 

postharvest life of ornamentals. It is now used 

to extend the storage life of apples and the 

extent of its use, and the impact that it has had 

on commercial postharvest handling of apples, 

has been nothing less than remarkable [30]. 
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This compound which normally is administered 

to apples as a gas in an enclosed space has been 

formulated so that it can be sprayed on trees. It 

is a most effective drop control compound on 

apples and the sprayable form has been 

registered for use as a drop control compound 

in several countries. Some of the most exciting 

work related to the control of preharvest drop 

on apples is just now emerging from the lab of 

Yuan at Virginia Tech and other locations. 

Combination of NAA with AVG or 1-MCP 

more effectively control drop than when the 

individual drop control compounds are used. 

Further, these combinations were recognized to 

more effectively suppress genes responsible for 

ethylene biosynthesis and cell wall degradation 

in the abscission zone. The recent and major 

progress being made in drop control has been 

achieved by combining molecular biology, 

good pomology and a better basic 

understanding of the physiology of abscission. 

 

2. Flower abscission or Chemical thinning 

period:  

 

The inherent characteristic of Pome Fruit to 

undergo biennial bearing has been recognized 

for centuries but practical and meaningful 

solutions emerged starting in the 1930s. Two 

separate approaches have been taken in crop 

load reduction; one is use of hormonal sprays 

and the second is application of caustic sprays. 

[31] used tar oil distillates as caustic materials 

to remove crop by damaging some blossoms. 

The compound sodium dinitro-orthocresylate 

(DNOC) evolved from this work and remained 

an important thinner of apples in arid regions 

until 1990 when registration was discontinued. 

A flurry of activity followed the loss of DNOC 

that continues even today. Further details and 

background on thinning of pome fruit with 

caustic materials can be found in this volume 

[32]. Abscission retardation was one of the 

early physiological responses identified with 

auxins. [33] Reported that NAA and NAAm 

could retard preharvest drop in apples. Armed 

with this information [34] attempted to increase 

fruit set on shy-bearing Starking 

Delicious‘using these compounds but instead 

these PBRs caused abscission rather than 

preventing it. Work by Batjer, Davidson, 

Southwick and Weeks, Murneek and others in 

the 1940s and 1950s refined the use of both 

NAA and NAAm as thinning agents and these 

compounds are still in common use today. 

Observations by [35] of reduced fruit set 

following the use of the newly introduced 

insecticide carbaryl (1-naphthyl 

methylcarbamate) led to general and 

widespread use of this compound as a fruit 

thinner that persists today.  

 

In some regions carbaryl is the favoured thinner 

because it is mild, its response is not rate 

sensitive and over thinning is quite unlikely. 

Carbaryl is now under regulatory scrutiny, and 

in some areas including large portions of 

Europe, it may no longer be available for 

use.BA emerged as a chemical thinner 

candidate in the late 1970s when it was found 

to be a very effective thinner on 

Winesap‘apples, but the active ingredient was 

not packaged into a thinning product until the 

1990s; and even then it appeared as an altered 

formulation of a previous product that also 

contained a small amount of GA. Although the 

amount of GA that was present was small, and 

seemingly unimportant, its presence altered the 

thinning activity of BA, making it an erratic 

product to use. A thinning formulation that 

contained only BA was introduced several 

years later and this has proved to be very 

effective. When combined with carbaryl it is a 

potent chemical thinner [36]. ABA has 

appeared on the horizon as a new and 

potentially useful chemical thinner. It has been 

shown to be an effective thinner on both apples 

and pears [37,38]. It has the added advantage of 

also being a naturally occurring plant hormone 

which should be useful in facilitating product 

registration and grower acceptance. The mode 

of action has not been defined but undoubtedly, 

closing of stomata, thus restricting 

carbohydrate supply will prove to be a 

contributing factor. What progress are we 

making with chemical thinning? An enormous 
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number of field experiments have been done in 

an attempt to achieve consistent thinning 

results. Progress has been hampered because 

important pieces of the puzzle have been 

missing, but there is reason to be optimistic. 

The missing links have been the lack of 

understanding of basic control points in the 

abscission process, the absence of a method to 

predict thinning responses, and sorting out the 

genes primarily responsible for abscission from 

the background noise of no participatory genes. 

We as a scientific community are now making 

progress. [39] And other have linked light, 

temperature and carbohydrates to the abscission 

process. [40] Has linked auxins and more 

elaborate schemes are surfacing that implicate 

participation by ABA and ethylene. The 

development of a computer model [41] has 

incorporated the important environmental 

signals that affect abscission into a model that 

quite accurately predicts thinner response and 

provides guidance in the selection of thinning 

programs prior to application.  

 

We are developing fruit measurement systems 

that allow prediction of thinner results in about 

7 days [42]. More recently [43] have identified 

specific genes involved in the abscission 

process and they have shown that activation can 

be linked to specific PBRs. Abscission is a 

complex process that undoubtedly involves 

several hormones and many enzymes. 

Hormonal signal supregulate and down-

regulate genes to drive this process [44]. 

Critical breakthroughs in understanding and 

regulating abscission will only occurs 

increasing fundamental understanding 

components of the abscission process and by 

specifically identifying genes that are regulated 

into action or inaction. Role of PGRs in 

vegetative growth appropriate regulation of 

vegetative growth is important in Pome fruit 

production since there is an inverse relationship 

between growth and flowering and excessive 

vegetative growth negatively impacts fruit 

quality, postharvest life, and development of an 

efficient and productive tree structure [45]. 

Reported that daminozide could effectively 

inhibit growth of apple trees. It was an 

important discovery. Since it could also reduce 

fruit size, affect fruit shape and increase fruit 

set, its use for growth control early in the season 

was generally limited to directed application to 

the tops of vigorous trees, use on young non-

bearing trees or on bearing trees where the crop 

was partially or completely lost. Daminozide 

remained a viable option for controlling tree 

growth until 1989 when its registration was 

cancelled. Ethephon was also identified as a 

very effective growth retardant in the 1960s but 

its use on bearing trees was limited because it 

was also a strong fruit thinner [46].  

 

It was used quite extensively in the 1970s and 

1980s in combination with daminozide for 

growth control and increased flowering on non-

bearing trees on semi-dwarfing rootstocks [47]. 

Paclobutrazol and other triazole gibberellin 

biosynthesis inhibitors were extensively tested 

in the 1980s. Paclobutrazol was registered for 

use as a growth retardant in several countries, 

but its use has been limited due to long 

persistence in the tree, concerns about ground 

water contamination and a negative influence 

on fruit size in pome fruit [48]. There were no 

viable PBR options for growth control of 

bearing trees until the gibberellins biosynthesis 

inhibit or prohexadione-calcium (Pro-Ca) was 

identified and extensively tested in the early 

1990s and eventually registered for use by 

BASF as the proprietary products Apogee in the 

US and Canada and Regalis in Europe and 

elsewhere [49]. Pro-Ca degrades relatively 

rapidly in the tree necessitating repeat 

application for season long growth control. This 

seeming short coming has a distinct advantage 

since it affords a high degree of growth control 

via metabolism and reapplication. Pro-Ca must 

be applied quite early, as soon as sufficient leaf 

area has emerged for absorption, since it 

requires about 10 days on Pome fruit to start to 

restrict vegetative growth. 
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10. Flower bud formation:  

 

[50] Showed that NAA had the intrinsic ability 

to promote flower bud formation distinct from 

effects related to thinning. Early the focus on 

NAA was to enhance flower bud formation by 

chemical thinning to reduce crop load. In the 

mid-1960s, when daminozide came into general 

use, it was found that daminozide could 

enhance flowering when applied after bloom. 

High rates reduced fruit size so lower rates were 

used to reduce the impact on fruit size. 

Ethephon proved to be the most effective 

promoter of flower bud formation. However, its 

use on bearing trees was limited because 

ethephon also caused thinning [51]. Many 

investigators concluded that a combination of 

daminozideplus ethephon was the appropriate 

combination to increase flowering, because of 

the thinning response, most of this work 

focused on influencing flowering on young and 

non-bearing trees. Enhancement of flowering 

became a lower priority in the 1980s and 1990s 

because there was a shift to planting trees 

propagated on dwarfing rootstocks that tended 

to be much more precocious thus the need for 

increased flower formation was diminished. 

 

11. Factors affecting growth promotion and 

inhibitions: 

 

I. External factors: The plant growth 

promotion and inhibition are controlled by 

internal regulators that are modified according 

to environmental conditions. The four most 

important external factors affecting plant 

growth are light, temperature, water and 

mineral nutrients. 

 

Light: It is ultimate source of energy and the 

most important ecological factor affecting 

growth promotion and inhibition in plants. 

Variation in quality, intensity and duration of 

light affect plant growth. It derives the process 

of photosynthesis which produces the 

carbohydrate that are needed to osmotically 

retain water in the cell for growth. 

 

Temperature: An optimal temperature is 

needed for plant growth. Metabolic reactions 

and plant growth increases with temperature. 

Most plant biological activity and growth 

occurs between 32 F̊ and 122 F̊ [52]. 

 

Water: is maintain the rigidity of the plant 

tissue is occurring by water. Cell expansion is 

controlled by cell turgor pressure, which 

depends on water. Any deficit in the water 

supply reduces the cell turgor pressure and 

limits cell elongation, resulting in a smaller 

plant [53]. 

 

Mineral nutrients: Mineral nutrients are 

needed for the biochemical process of the plant. 

These constitute the raw materials required for 

growth of the plant. Supply the plant necessary 

mineral ions and organic substances such as 

proteins, carbohydrates and others. 

 

II. Internal factor: These are the product of the 

genetic instructions carried in the plant. These 

influence the extent and timing of growth and 

are mediated by signals of various types 

transmitted within the cell, between cells, or all 

around the plant. Hence, plant growth 

promotion and inhibition are characterized by 

high degree of co-ordination and phasing. The 

growth of one part is closely related with the 

growth or activities in other parts of the plant. 

Such internal coordination system is 

maintained by naturally occurring organic 

compounds referred to as plant hormones or 

phyto-hormones. 

 

Plant Hormone: The utilization of the 

nutrients for proper development of the plant is 

controlled by certain chemical messengers 

called hormones. Plant hormones are regulators 

produced by the plants which in low 

concentration regulate a physiological plant 

process. Hormones usually move within plant 

from a site of production to site of action. 

Phyto-hormones are not carbohydrate in the 

sense that carbohydrates are produced and 

require by the plant in large quantities while 

phyto-hormones are produced in small 
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quantities but their effect are pronounced. 

Regulation of growth by is actually based on 

interaction and delicate balance amongst the 

various groups of phyto-hormones. A new need 

became very apparent starting in the 1990s 

when new, unique and better tasting apples 

were introduced and these were planted 

extensively. Many of these new varieties had 

much greater biennial bearing problems than 

previous standard varieties. Honey crisp‘is an 

excellent example of a new cultivar that is being 

afflicted by this problem.  

 

Many new high density orchards were planted 

that were highly dependent upon continuous 

and consistent production to be economically 

viable. Consequently, the focus on flowering 

research is to find strategies to increase 

flowering that do not substantially affect either 

crop load or fruit maturity. The PGR options are 

NAA and ethephon, both of which are thinners 

and they have the potential to advance fruit 

ripening [54]. The general approach at the 

present time is to use multiple applications of 

low rates of either NAA or ethephon starting 

near the end of June drop. Flowering in pome 

fruit undoubtedly is a very complex and 

interactive process. Lack of consistent 

flowering in high density plantings remains an 

important problem and it needs to be addressed 

in a more innovative way. Breakthroughs and 

ultimate regulation of flowering will only come 

after we have achieved a better understanding 

of the physiology and mechanisms of flower 

bud formation. With this knowledge we can 

then achieve success similar to those we are just 

now realizing in the understanding in fruit 

abscission process. 

 

1. Auxins: Pear fruit treated with NAA (20 

ppm) have strong effect on fruit set and 

development [55]. The increase in fruit size as 

a result of foliar application of NAA might be 

because it had improved the internal physiology 

of developing fruit in terms of better supply of 

water, nutients and other compounds vital for 

their proper development which resulted in 

improving size [56]. The increase in cell size of 

plums following auxin application at the 

beginning of pit-hardening, possibly indicates 

their ability to mobilize carbohydrates uptake 

and thus enlarge the cell considerably [57]. N-

phenyl-phthalamic acid (at 0.4 kg/ha Nevirol 60 

WP) was sprayed at full bloom.PPA application 

extended the flowering time of most of the 

cultivars. Because application was at full 

bloom, the spray was able to increase the 

duration of the main bloom and extend 

flowering time. It was thought that PPA 

application might increase fruit set in the cases 

of openand self-pollination [58]. 

 

2. Gibberellins: Among various growth 

regulators, the role of gibberellins is definitely 

more important in the setting of fruits because 

many experiment with gibberellins spray on the 

flowers have shown enhancement in fruit set. 

The gibberellins have been used in improving 

fruit set with greater promise as compared 

toauxins in pome fruits. GAs induced fruit set 

either with mature or immature embryo sacs 

and differences in fruit-set were related to the 

stage of nucleus development at the time of 

application. Single or multiple applications of 

GA3resulted in similar or increased fruit set 

compared with pollination, and increased fruit 

set compared with no pollination. GA3 

application decrease fruit mass and increased 

the fruit development period in blueberry [59]. 

Fruit sprayed with GA3(100 ppm) have 

retained maximum number of fruits in 

Amrapali due to the beneficial effect of GA3 in 

delaying the formation of abscission layer. GA 

spray might have triggered auxin level and 

nullified the action of ABA consequently 

retained more fruit [60]. The exogenous 

application of GA3might have stimulated cell 

division and cell elongation. Consequently, rate 

of growth and development of fruit was 

enhanced resulting in larger size of fruits. 

Gibberellins stimulate the stalk length of 

seedless grapes to grow longer, thereby 

alleviating compaction and it promotes 

elongation of the fruit. A mixture of GA4+7and 

BA (Promalin) increase fruit shape, size and 

quality in Starking Delicious apple. In citrus 
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fruits, gibberellins delay senescence, Gas 

sprays might have triggered auxin level and 

nullified the action of ABA consequently 

retained more fruits and allowing the fruits to 

be left on the tree longer to extend the marked 

period. 

 

3. Growth retardant: Daminozide (SADH), 

chlormequat and paclobutrazol have been 

found effective in improving fruit set in 

temperate fruits [48]. A class of inhibitors of 

gibberellins biosynthesis, 

thecyclohexanetriones has the ability to control 

the vegetative growth. This class includes the 

Prohexadione calcium (PCa), which is 

particularly effective and has the potential to 

increase the productivity of apple trees and 

reduce the need for pruning. Although the apple 

tree needs 5 to 10% of flowers fertilized to 

obtain high production, in adverse pollination 

conditions or when the flowering intensity is 

small, it may be necessary the growth regulators 

application to improve fruit set. Plants treated 

with PCa+TDZ in petal fall showed the highest 

values of fruit set and average number of fruits 

with floral clusters, followed by the plants 

treated with PCa+TDZ in phenological stage. 

The results obtained show the mixture 

PCa+TDZ more effective on increase apple 

fructification than PCa sprayed alone.The time 

of application influence the PCa response, 

being the best results obtained when PCa were 

sprayed I full bloom stage; Applications of 

prohexadione calcium with thidiazuron had the 

best results of number of fruits per tree and 

production per tree when applied in the petal 

fall stage [61]. To assess the effect of chemicals 

and growth regulators on physical characters of 

ParbhaniBhusan mango, an experiment was 

conducted with treatments consisted of NAA at 

40, 60, 80 ppm, KNO3at 2.0, 4.0 and 6.0%, urea 

at 1, 1.5, 2.0%, triacontanol at 300, 500, and 

700 ppm, and distilled water sprayed at 

flowering, pea and marble stage of fruit 

development. Triacontanol at 700 ppm showed 

significantly maximum length (10.91 cm), 

breath (8.91 cm), volume (336.58 cm3), weight 

(330.41 g) and mesocarp (69.92%). In the case 

of endocarp (stone), the lowest proportion of 

endocarp (12.00%) was recorded in 

triacontanol at 700 ppm [62]. Several workers 

conducted the experiments on fruit crops to 

observe the effects of different method on 

thinning are summarized. 

 

4. Fruit quality and yield: Application of plant 

bio-regulators resulting in better quality and 

yield in fruit crops because it improved the 

internal physiology of developing fruit in terms 

of better supply of water, nutrients and other 

compounds vital for their proper growth and 

development which resulted in improved size, 

quality and ultimately greater yield [63]. The 

effect of urea and growth substances like NAA, 

Ethrel (ethephon) and Paclobutrazol on the 

yield and quality of mango cv. Langra was 

studied. Paclobutrazol at 7.5 g/tree applied as 

soil treatment produced the highest yield on 

both 'off' and 'on' years. Urea 2%+Ethrel 200 

ppm was also found very beneficial. These 

treatments also improved fruit quality 

significantly during both years of the study 

compared with the control [64]. The plant 

growth regulators (PGRS) are very important in 

the integration of developmental activities of 

plant. It play important role in metabolism and 

distribution solutes within the plant. Apart from 

it, they also regulate expression of intrinsic 

genetic potential of plants. The use of growth 

regulators has become an important component 

of agro-technical practices especially for fruit 

plants. So far in fruit crops, optimum fruit 

setting can be maintained by exogenous 

application of plant growth regulators. The 

auxin and gibberellins are widely used to 

control the fruit drop and to improve the quality 

of fruit. 

 

12. Use of plant growth regulators in fruit 

crops production:  

 

1. Seed germination: Seed germination may 

require gibberellins for the activation of 

vegetative growth of the embryo. Gibberellin 

application also activates the alpha amylase 

synthesis in the aleurone layer where it converts 
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starch to sugar which translocated to growing 

embryo to provide energy source. Reports on 

pre-sowing seed treatments of different fruit 

crops on germination and seedling growth is 

presented in Table 1. Pre-sowing treatment with 

GA3 at 200 ppm was found effective in 

increasing germination and extending seed 

longevity of ber cv. Gola. Maximum 

germination 98.76 and 77.82% were obtained 

with GA3 at 200 ppm pre-treated seeds sown at 

one and 17thmonths after treatment whereas 

untreated seeds recorded 86.23 and 24.58% 

germination. Days to first germination were 

fewest with 1.0% thiourea treatment, while the 

shortest span of germination was obtained with 

1000-2000 ppm Cycocel. Incidence of 

polyembryony was highest with 400 ppm 

GA3and 1000 ppm Cycocel [65]. 

 

2. Control of vigour: Various growth retardants 

have been used to restrict the vegetative growth 

of plant such as AMO 1618, ancymidal, 

pacloburazol, B-9 (Phosphon D), 

chlormequatetc (Table 2). The reduction in 

vegetative growth by growth retardants is due 

to the systemic inhibition of GAs biosynthesis 

pathway at the sub-apical meristem, which 

ultimately reduced cell elongation and rate of 

cell division and decreased the shoot growth. 

These growth retardants also inhibit the 

gibberellin precursor by blocking the oxidation 

of ent-kaurene to ent-kaurenoic acid. 

Prohexadione-Ca (ProCa) has been evaluated 

as a growth inhibitor in the vigorous red apple 

cultivars 'Fuji' and 'Royal Gala'. Greatest 

inhibition of shoot growth was obtained when 

ProCa was first sprayed at about 200 mg L-

1from full bloom (FB) up to 12 days after full 

bloom (DAFB). Shoot regrowth often occurred 

later in the growing season, and a second 

application of ProCa was then needed to 

maintain growth inhibition. Inhibition of shoot 

growth was due mainly to a reduction in 

internode length. No effects on yield have been 

found, except for cv. 'Royal Gala', where an 

increase in crop-load and a decrease in fruit size 

were recorded. Fruit quality parameters were 

not affected; but, in cv. 'Fuji', the red 

colouration of fruit was promoted by ProCa, 

particularly when repeated sprays of the 

chemical (at 125 or 250 mg L-1) were made. No 

effects on fruit colour were seen in ProCa-

treated cv. 'Royal Gala' trees [66]. 

 

3. Root initiation: A low concentration (10-10to 

10-9M) of auxin promotes the growth of intact 

roots, whereas a higher concentration (10-6M) 

inhibits root growth. Adventitious roots can 

arise in a variety of tissue locations from 

clusters of mature cells that renew their cell 

division activity. These dividing cells develop 

into a root apical meristem in a manner 

somewhat analogous to the formation of lateral 

roots. In horticulture, the stimulatory effect of 

auxin on the formation of adventitious roots has 

been very useful for the vegetative propagation 

of plants by cuttings (Table 3). Application of 

1000 ppm p-hydroxybenzoic acid+5000 ppm 

IBA results in the maximum rooting percentage 

(85%), number of roots per cutting (56.9), 

length of longest root (23.2 cm) and survival 

percentage of cuttings (80.4%) in pomegranate 

cv. Kandhari [67]. 

 

4. Flowering: In many woody plants including 

fruits GA inhibits flower formation. In these 

cases growth retardants viz. paclobutrazol, 

SADH which inhibits GA biosynthesis are used 

to promote flowering such as in pears and 

mango. Application of paclobutrazol helps in 

restricting the vegetative phase and increasing 

the reproductive phase of mango [68]. The 

effects of soil application of 10 ml 

paclobutrazol and foliar application of 20 ppm 

NAA, 1% urea, 1% potassium nitrate, 200 ppm 

ethrel and 5000 ppm mepiquat chloride on the 

flowering of 10-year-old mango cv. Alphanso 

trees were determined in a field experiment 

conducted in Coimbatore, Tamil Nadu, India. 

Soil application with 10 ml paclobutrazol 

resulted in the longest panicle (31.57 cm), 

number of branches per panicle (13), total 

number of flowers per panicle (620), number of 

hermaphrodite flowers (189.67) number of 

male flowers (425) and hermaphrodite flowers 

(30.59%). The male: hermaphrodite flower 
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ratio was highest with application of 1% 

potassium nitrate [69].  

 

5. Crop regulation: Plant bio-regulators have 

been found very effective in thinning flowers 

and manipulating the cropping season e.g. two 

sprays of 600-800 ppm NAA done in April -

May at 15 days interval in tarai condition at 

50% flowering is effective in regulating the 

crop in guava. Reduction of crop load of rainy 

season crop of guava through foliar application 

of different crop regulating chemicals like urea, 

2,4-D, potassium iodide and NAA to increase 

the yield and quality of winter season crop have 

been successfully standardized for different 

agro-climatic zones. The studies were earned 

out on 20 years old Sardar guava trees in which 

urea (10, 15 and 20%), potassium iodide (0.5, 

1.0 and 2.0%), maleic hydrazide (1000, 2000 

and 3000 ppm), ethephon (600, 1200 and 1800 

ppm) and NAA (200, 400 and 600 ppm) were 

sprayed during May for crop regulation. All the 

chemicals reduced the yield of rainy season 

crop significantly over control and 

subsequently increased the yield of winter 

season crop. NAA (600 ppm) application 

produced maximum winter crop yield (359.3 

q/ha) followed by the application of 15 per cent 

urea (356.2 q/ha). The higher concentrations of 

urea were found very effective in improving the 

fruit quality and resulted in maximum TSS 

(14.0%), ascorbic acid (342.2 mg/100 g), total 

sugars (10.20%) and pectin (1.59%) content in 

the winter crop. Acidity was significantly 

reduced by 1800 ppm ethephon during both the 

seasons. Maximum profit (Rs.1,42,600/ha) was 

obtained with NAA 600 ppm followed by 15 

and 20 per cent urea treatments [70]. 

 

6. Fruit set and development: It is well known 

that PBRs are used on many fruit tree to 

manipulate immature fruit drop, fruit set or size 

and loosen or remove fruits. The plant 

bioregulators (PBRs) that contribute in 

increasing fruit set in different fruit crops have 

been subject of research and field testing since 

long. The exogenous application of auxin and 

gibberellins in most of cross-pollinated fruit 

crops help in preventing early fruit abscission 

by substituting to some extent, the normal 

endogenous production of the same. A part 

from auxins and gibberellins, the growth 

retardants, ethylene inhibitors, polyamines and 

mixture of bio regulators have been found to 

increase fruit set. However, the mode of action 

for the above PBRs is yet to be understood 

clearly. The role of different bio regulators in 

fruit production is mentioned here under. Pre-

pollination applications of putrescine (1.0 and 

0.01 mM) positively affect fruit set in House 

after hand-pollination [71-92]. Pollination 

stimulates the development of the ovary and the 

surrounding tissues leading to the formation of 

fruit. The changes taking place from the flower 

to the fruit stage is known as the fruit set. The 

auxin stimulus leading to fruit set may not only 

from the pollen but also from the ovary. 

Pollination stimulates auxin formation in the 

ovary. Unpalliated ovaries have only small 

amounts of auxin. Application of auxin to the 

fruit increases its size and date of maturity. 

Application of auxin, late in the life of fruit, 

hastens maturity and gives fruit of smaller size. 

The exogenous application of GA3 might have 

stimulated cell division and cell elongation. 

Consequently, rate of growth and development 

of fruit was enhanced resulting in larger size of 

fruits. Gibberellins stimulate the stalk length of 

seedless grapes to grow longer, thereby 

alleviating compaction and it promotes 

elongation of the fruit. A mixture of GA4+7and 

BA (Promalin) increase fruit shape, size and 

quality in Starking Delicious apple. In citrus 

fruits, gibberellins delay senescence, Gas 

sprays might have triggered auxin level and 

nullified the action of ABA consequently 

retained more fruits and allowing the fruits to 

be left on the tree longer to extend the marked 

period [92-105].  

 

13. Micronutrients Use Efficiency of Fruit 

Plants under Changing Climate:  

 

Micronutrients play a pivotal role in the growth, 

development, and function in humans and 

plants. Despite their beneficial effects, 
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micronutrient deficiencies pose serious threats 

to crop yield and nutritional quality, which, in 

turn cause deleterious effects on the health and 

well-being of humans. Many staples are 

inherently poor sources of micronutrients 

caused by insufficient amounts and or poor 

bioavailability. Climate change further 

exacerbates the already existing problem of 

micronutrient deficiency. Climate change, 

particularly rising [CO2] concentration, 

temperature, and water availability modifies the 

plant's micronutrient uptake and utilization 

patterns in different magnitude and directions. 

Understanding the effects of these 

environmental signals on plant micronutrients 

and its use efficiency is important to underpin 

crop breeding for improved nutritional quality 

and to formulate suitable crop management 

strategies under changing climate [106-120]. In 

this chapter, we discuss how key climate 

variables individually and interactively 

influence micronutrient uptake and utilization 

in crop species. We discuss the physiological 

perspectives in nutrient acquisition and 

utilization under a changing climate with a 

special focus on wheat, rice, and legumes. 

 

 
 

Figure 3: Micronutrients Use Efficiency of Crop-Plants under Changing Climate. 

 

Micronutrients are essential elements that are 

used by plants in small quantities. For most 

micronutrients, crop uptake is less than one 

pound per acre. In spite of this low requirement, 

critical plant functions are limited if 

micronutrients are unavailable, resulting in 

plant abnormalities, reduced growth and lower 

yield. In such cases, expensive, high 

requirement crop inputs such as nitrogen and 

water may be wasted. Because of higher yields, 

higher commodity prices and higher costs of 

crop inputs, growers are reviewing all potential 

barriers to top grain production, including 

micronutrient deficiencies [121-135]. This 

Crop Insights will discuss general 

micronutrient requirements, deficiency 

symptoms, soil and plant sampling, and 

fertilization practices. Future Crop Insights 

articles will discuss specific crops, their 

micronutrient or secondary nutrient 

requirements and management considerations. 

 

1. Detecting Micronutrient Deficiencies: 

 

Micronutrient deficiencies can be detected by 

visual symptoms on crops and by testing soils 

and plant tissues. To understand visual 

symptoms, it is useful to know the role each 
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micronutrient plays in plant growth and 

development. 

 

 

 

 

 

 

2. Functions of Micronutrients: 

 

Micronutrients differ in the form they are 

absorbed by the plant, their functions and 

mobility in the plant, and their characteristic 

deficiency or toxicity symptoms table 1 and 2). 

 

 

 
 

Table 1: Functions of micronutrients in plants. 

 

Iron or zinc deficiency symptoms in corn. Soil 

and tissue testing can help determine which of 

these nutrients is deficient. 

 

3. Micronutrient Deficiency Symptoms: 

 

Except for Mo, the micronutrients are 

considered weakly mobile or immobile in 

plants. This means that deficiency symptoms 

appear first or most severely on newest plant 

tissues (assumes plants started with some 

supply of the nutrient but ran out as plants 

developed.) For molybdenum, deficiency 

symptoms appear first on oldest plant tissues. 

Symptoms vary according to crop, but 

generalized symptoms are shown in Table 2. 
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Table 2. General micronutrient deficiency symptoms: 

 

Micronutrient deficiencies usually have a 

patchy distribution in fields due to variation in 

soil properties that affect availability (e.g., pH, 

drainage, and salinity) and management history 

such as manure applications. Learning to 

identify deficiencies visually is important in 

recognizing problem areas and planning 

remediation for future crops. However, it is 

often too late for corrective action in the current 

crop by the time visual symptoms appear. 

 

4. Common Micronutrient Deficiencies: 

 

The probability of a micronutrient deficiency is 

greatly increased on specific soils types and in 

certain crops (Table 3). 
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Table 3: Soil conditions which may lead to micronutrient deficiencies for various crops: 

 

5. Soil Tests to Detect Micronutrient 

Deficiencies:  

 

Many plant symptoms associated with 

micronutrient deficiencies, including stunting 

and chlorosis, may have a variety of causes, 

including disease, insect or herbicide damage, 

or environmental conditions. Soil and plant 

analysis are both useful in determining if the 

cause is truly nutritional. Though adequate for 

this purpose, micronutrient soil tests are not as 

precise as soil pH, phosphorus, and potassium 

tests [136-143]. The most reliable 

micronutrient soil tests are for zinc, boron, 

copper, and manganese. Because 

interpretations are soil specific, it is best to use 

locally calibrated recommendations. Soil tests 

for iron and molybdenum are considered to be 

of little value in predicting the supply of these 

nutrients in soils. When sampling for 

micronutrients, sample the root zone from 0 to 

8 inches deep. 

 

6. Plant Analysis to Detect Micronutrient 

Deficiencies: 

 

Plant tissue analysis is more reliable than soil 

testing for identifying many micronutrient 

problems, and can also supplement soil test 

information. Tissue testing is especially 

valuable in cases where reliable soil tests are 

unavailable. However, molybdenum and 

chlorine levels cannot be determined by this 

method. Plant analysis can be used in two ways; 

one is to monitor the crop's micronutrient 
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status, and the other is to diagnose a problem 

situation. By quantifying the nutrient content of 

tissues, plant analysis can point out an existing 

or potential problem before visual symptoms 

develop. If in-season micronutrient deficiencies 

are suspected, plant samples should be taken as 

early as practical; treatments, when needed, 

should be made in a timely manner. Research 

has shown that once a micronutrient deficiency 

is detected, the plant has already suffered 

irreversible yield loss. Because plant nutrient 

composition varies with the crop, age of the 

plant, part of the plant sampled and other 

factors, it is important to follow the standard 

sampling procedures provided by your plant 

diagnostic laboratory. In order to obtain a 

representative sample, take multiple plants 

from areas randomly distributed throughout the 

affected field area. Avoid border plants and 

those contaminated with dust, soil or foliar 

sprays. Taking samples of non-symptomatic 

plants to compare with apparent nutrient-

deficient plants can increase the usefulness of 

plant analysis. Be aware that interpreting results 

is complex and may require expert advice. 

 

 
Figure 4: Direct, indirect and socio-economic effects of climate change on agricultural production. 
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