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Abstract

Polyamines are ubiquitous organic compounds in plants that are involved in various physiological functions;
they play key role in the regulation of ion channels and molecule transportation in the cell membrane. Being
positively charged, polyamines can bind to macromolecules such as DNA, RNA and proteins, hence stabilize
them against free radicals activity. Their importance with respect to plant growth and development is already
established especially their role against stresses is of prime concerns to the scientists. It is revealed by various
scientists that exogenous application of polyamines protects the plants from stress by expressing various stress
relevant genes. Polyamines also play direct defensive role during stress by eliciting cell death at the sight of
pathogen entry. A lot of work has been done on various aspects of fruits, vegetables and ornamental crops using
exogenous polyamines. Present paper is developed to gather all possible published research from reliable
resources in a logical sequence especially related to horticulture, so the researchers and other stake holders
related to this field can get the benefit.
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Introduction

What are polyamines?
Polyamines are organic polycations having variable
hydrocarbon chains and two or more primary amino
groups. They have varying number of amines ranging
from diamine putrescine, triamine spermidine to
tetraamine spermine. These are widespread in living
organisms, found in high concentration in actively
proliferating cells. Polyamines are responsible for
which

transcription, RNA modification, and synthesis of

many fundamental processes include
protein and the modulation of enzyme activities

(Takashashi and Kakehi, 2010).

There are three major forms of polyamines i.e.
putrescine, spermidine and spermine. Amongst them
putrescine is classified as diamine while the other two
are considered as higher polyamines. This
classification is based on the strength of the amines
which

spermidine and spermine. These are found in all the

increase gradually from putrescine to
living organisms and are responsible for different
functions. The biological functioning of all of them is
similar. These occur in different forms i.e. free living,

conjugated and titers (Tang et al., 2004).

The increase in the activity of the titers was found
during the process of sprouting, seed germination and
during root and shoot formation (Galston and Flores,
1991; Mengoli et al., 1992). While the conjugated
form is considered to be associated with flowering
(Solcum et al., 1984; Martin—Tanguy, 2001).
Biosynthesis, transport, degradation and
congjugation of polyamines in plants

In plants, putrescine is synthesized by the
decarboxylation of arginine or ornithine catalyzed by
arginine decarboxylase or ornithine decarboxylase
respectively. The following addition of two
aminopropyl groups to putrescine (put) in two
reactions catalyzed by spermidine (spd) synthase and
spermine (spm) synthase lead to the formation of
spermidine and spermine, respectively. The
aminopropyl moieties arise from the decarboxylation

of S-Adenosylmethionine by the enzyme S-
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adenosylmethionine decarboxylase (Groppa and

Benavides, 2008).

Free polyamines level in plant cells depends not only
on their synthesis but also on their transport,
degradation and conjugation. Putrescine degradation
is catalyzed by diamine oxidase, a copper containing
enzyme that oxidizes the diamine at the primary
amino group whereas spermidine and spermine are
oxidized at their secondary amino groups by a flavin —
containing polyamine oxidase (Flores and Filner,
1985). Polyamines can be conjugated to small
molecules like proteins, antibiotics and phenolic
acids, mostly hydroxycinnamic acid (Martin-Tanguy,

2001).

Role of polyamines in plants

In plants polyamines are responsible for the
performance of wide range of functions like growth
and development because of its effect on cell division
and differentiation, flowering, growth, development

and fruit ripening (Khan et al., 2008).

These polyamines are reported to have the regulatory
effect on promoting the productivity of the plants
(Gharib and Ahmed, 2005). They are found to be
anti-senescent agents and effective for delaying
softening in several fruits, as they help in the integrity
of cell membrane (Khan et al., 2007). They are also
considered as one of the carbon and nitrogen
reserves, new class of growth regulators which act as
second hormonal messenger (Nahed et al., 2009) and
help in the synthesis of protein and RNA (Kim and

Jin, 2006).

Polyamines readily bind to the negatively charged
phospholipids’ head groups or other anionic sites at
membranes thus affecting the stability and
permeability of such membranes. They are also
involved in the buffering mechanism to maintain

cellular pH and ion homeostasis (Pand et al., 2007).

Fate of polyamines in plants
Different studies clearly indicate the relationship

between polyamines and plant development.
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Generally the polyamines level is high during the start
of development as compared to the lateral stages.
However, this depends upon the plant species and the
major polyamine content found in the plant (Liu et
al., 2006). Active cell divisions at the early stages of
growth require elevated level of PAs. While the
decaline at the end of the developmental stage act as a

signal for the onset of senescence and death of the
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plant or part of the plant. However, opposite results
have also been shown in fruits like tomato and citrus

(Saftner and Baldi, 1990).

Several studies have been made to understand the
concentration of polyamines in plants during growth,
development and senescence in both, climacteric and

non climacteric fruits.

Table 1. Effect of exogenous application of polyamines on growth, quality and shelf life of fruits.

Crop

BN PAs

Inferences

References

Apple (Golden Delicious
McIntosh and Hi Early)

Malus domestica

PUT, SPD, SPM Effected fruit set of apple
delayed the fruit ripening and extend shelf life

Apricot (Canino, auricio) Prunus armenica L. PUT, SPM Improved trees productivity, lowered the Ali et al., 2010; Saba et al., 2012; Martinez-
chilling injury incidence and enhanced the Romero et al., 2002
antioxidant enzyme activities.
Delayed color changes, suppressed ethylene
production
Blueberry Vaccinium asheri Reade PUT, SPM Enhanced quality and storability Basiouny, 1996
Dates (Zaghloul and Bargee) Phoeix dactylifera L. PUT resulted in significantly lower tissue softening or Al-Obeed, 2010
breakdown as compared to
the control;
improved quality, storability and marketability
Grape (Emperatriz,  Fantasy, Vitis vinifera PUT Had a role in embryo development and Ponce et al., 2002; Aziz et al., 2001; Farag, et
Thompson Seedless, Flame inhibited abscission; al., 1998; Marzouk and Kassem, 2011
seedless Preharvest foliar sprays improved yield, quality
and shelf life, improved color and anthocynine
development
Jujube Ziziphus jujuba Mill. PUT Improved productivity, fruit quality and Kassem, et al., 2011
profitability of jujube trees.
Lemons cv. Verna Citrus limon L. Burm PUT Influenced endogenous polyamines, firmness, Valero et al., 1998
and abscisic acid
Mango (Haden, Kent, Glenn and Mangifera indica L. Regulation of fruit set and retention in Singh and Singh 1995; Singh and Janes, 2000;
Kensington Pride) Improved shelf life and quality Malik and Singh, 2005, 2006
Nectarine Stark Red Gold Prunus persica L Batch  PUT, SPD Reduced ethylene production, higher fruit TA, Bergoli et al., 2006; Torrigiani et al., 2004
and lower dry weight , SSC and modulated the
ripening
Oranges ‘Navel’ Citrus sinensis L. PUT, SPD Preharvest foliar application extended harvest Marzouk and Kassem, 2011; Qing-Sheng and

‘Trifoliate

season and enhanced the shelf life;

Zou, 2009

Enhanced the growth by up taking the nutrient
elements by the roots

Peach (Babygold-6)

Prunus persica L

PUT, SPD, SPM Improved storability

Reduced ethylene production, respiration rate 2000
and susceptibility to mechanical damage; with
higher fruit firmness

Pear (Comice and Housui)

Pyrus communis L PUT

Influenced ovule
senescence, fertilization time and fruit set

Crisosto et al., 1988, 1992;
2005

Extends effective
pollination period
Positively affected fruit set

Plum (Japanese,
Black Diamond, Black Star, Santa Lindl.
Rosa, Angelino)

Golden Japan, Prunus silicina PUT

softening
Delayed

Inhibited ethylene production with delayed fruit Khan and Singh, 2008, 2010; Khan et al,
Serrano et al., 2003;

2007, 2008;
changes related to ripening and Vicente et al., 2002

extended the storage (0 + 1 °C) life for up to 6

weeks.

Pomegranate (Mollar de Elche, Punica granatum L.
Rabbab and Mridula)

SPD, PUT

maintained functional properties in
pomegranate arils during storage:

were effective on maintaining the concentration
of ascorbic acid, total phenolic compounds, ,
total anthocyanins and total antioxidant activity
(TAA) during storage;

alleviated the affect of salinity and effected
positively on growth relevant parameters of the
seedlings;

enhanced shelf life by alleviating chilling injury;

Tea Crabapple

Malus hupehensis Rehd SPM, SPD

Alleviated

lipid peroxidation induced by Zhao and Yang, 2008

cadmium chloride stress
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Costan and Bagni 1983; Costa et al., 1986;
Kramer et al., 1991; Wang et al., 1993

Bregoli et al., 2002; Martinez- Romero et al.,

Mirdehghan et al., 2007a, 2007b ; Amri et al.,
2011; Barman et al., 2011a, 2011b


http://www.google.com/url?sa=t&rct=j&q=botanical%20name%20of%20grapes&source=web&cd=5&cad=rja&ved=0CFwQFjAE&url=http%3A%2F%2Fwww.soill.co.za%2Flibrary%2Fdoc%2F21.pdf&ei=Ls_BULf5LKaT0QHJ34GwDw&usg=AFQjCNEhkLRafoSOyZsKNFXdcVAIKT_TZw

Liu et al. (2006) studied the concentration of free
polyamines during the growth and development of
peach fruit. There was continued decrease in the
contents of free polyamines from fruit set to ripening
suggesting antagonistic effect of polyamines and
senescence, explaining the indirect role of polyamines
on growth and development, as these are considered
the nutritional sink for the plant growth and

development.
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No major changes were observed in endogenous
spermine and spermidine in pepper while Spermidine
in case of tomato fruits during development.
However, Put in bell pepper fruit and Spm in tomato
fruit increased very early until about 30-38 days from
fruit set and reached a minimum level at maturity and
ripening. Tomato fruit showed a consistent increase

in putrescine concentration (Yahia et al, 2001).

Table 2. Effect of exogenous application of polyamines on growth, quality and shelf life of vegetables.

Crop

BN PAs

Influences References

Cucumber

‘Changchun Cucumis sativus L. PUT, SPD

mici’ and ‘Beijing jietou’

Enhance chilling tolerance through Zhang et al., 2009

modulating antioxidative system

Globe artichoke

Cynara Scolymus L. PUT

Improved growth, productivity and El-Abagy et al., 2010
Quality

Melon

Cucumis

melo

PUT, SPD, SPM

Delayed senescence by enhancing Lester, 2000
the activity of antioxidant enzymes

and promoted a longer marketable

life

Radish

Raphanus sativus L.

Acted as Antioxidant Protectors Kim and Jin, 2006
against Paraquat Damage
in Cotyledons

Tomato

Lycopersicon esculentum M.  SPD, SPM

Improved pollen germination and Song et al., 1999; Slathia et al., 2012

tube growth in vitro under high
temperature stress;

effective in amelioration of

NaCl stress

stimulation and inhibition of pollen
germination and pollen tube growth

in vitro

zucchini squash

Cucurbita pepo L.

Reduced polygalacturonase

activity and chilling injury incidence

Role in plant growth and development
Polyamines are known to improve growth and
development of plants because of their effects on cell
division and differentiation. Such findings were
confirmed in bean plants (Altman et al., 1982). Abd
El-Wahed et al., (2005) found that Spd significantly
enhanced plant height, number of branches, and
shoot fresh and dry weight/plant during vegetative
and flowering stages in chamomile plants. Moreover,
putrescine has a regulatory role in promoting
productivity of many plants such as sweet pepper
(Talaat, 2003), tomato (Cohen et al., 1982) and pea
plants (Gharib and Hanafy, 2005).

It is an admitted fact that plant growth is supported
by the organic carbon source which can alter the
growth rate while its direction is regulated by plant
growth regulators (Jimenez-Cervantes, et al., 1998).
The growth promoting effect of polyamines is
considered because of their contribution to cellular
carbon and nitrogen to the plants, secondly they are
cationic molecules, positively charged under
intracellular pH, which is helpful in plant growth and
development. According to some researchers the
increment effect of polyamine on growth rate is
because they help in the uptake of minerals like N, P

soil as well (Shawky,

and K from 2003).
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Table 3. Effect of exogenous application of polyamines on growth, quality and shelf life of medicinal plants.

Crop BN PAs Inferences References

Black Cumin  Nigella sativa L. PUT Significantly increased growth and yield Talaat et al., 2005
parameters under heat stress

Chamomile Chamomilla recutita L.  SPD Had stimulatory effect on growth, flowering, Abd El-Wahed and El

biochemical constituents and essential oil Din, 2004.

contents

Flax Linum usitatissimum PUT Physiologically effected the growth and El-Lethy et al., 2010
quality of flax plant and seed

Periwinkle Catharanthus roseus PUT Photosynthetic pigments (chlorophyll a, Talaat et al., 2005

chlorophyll b and carotenoids), soluble and

total insoluble sugars, total

proteins , total alkaloids in the leaves ,

endogenous GA3, IAA, cytokinins and ABA

were increased

Sweet Basil Ocimum basilicum L. PUT

Significantly improved the physical and Talaat and Balbaa, 2010

chemicals parameters including yield and oil

contents

The role of polyamines in plant growth and
development has been studied by several researchers.
Increased vegetative growth of gladiolus plant was
observed by exogenous application of putrescine
during the vegetative stage (Nahed et al.,, 2009).
Similar effects of polyamines were confirmed by
Shawky (2003) who found the increase in the growth
and leaf nutrients uptake in pepper. Putrescine

treatment significantly increased the shoot and root

biomass of trifoliate orange seedlings (Wu et al,
2010). Putrescine has also been found to be a
substitute for inorganic nitrogen for the growth of in
vitro explants from dormant tubers of Helianthus
tuberosum (Evans and Malmberg, 1989). Exogenous
application of PUT and SPD enhanced the growth of
oranges by helping in the uptake of nutrient elements

from the roots (Qing-Sheng and Zou, 2009).

Table 4. Effect of exogenous application of polyamines on growth, quality and shelf life of ornamentals.

Crop BN Pas Inferences References
Chrysanthemum Chrysanthemum PUT Positively affected Mahros et al., 2011
indicum L. flower characters and
photosynthetic
pigments
Dahlia Dahlia pinnata PUT Foliar sprays improved Mahgoub et al., 2011
growth, flowering and
photosynthetic
pigments
Gladiolus Gladiolus grandflorum PUT Improved growth , Nahed etal., 2009

L

flowering and

chemical constituents

Periwinkle Catharanthus roseus L. SPD

Incorporation into the Prakash et al., 1988
nutrient medium
stimulated pollen-tube

growth in vitro in.
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Role of Polyamines in flowering, fruit setting and
fruit retention

Yield of the crop is directly related to the fruit set
after pollination. Poor fruit set either by heavy post-
bloom and preharvest drop, seldom produce

economic crop (Callan, 1977; Lombard and

Richardson, 1982; Lombard et al.., 1971). Low level of

2017

self fruit fullness because of the short effective
pollination period (EPP) as in ‘Comice’ pear could
also be the reason for the little fruit set (Williams,
1966). When flower clusters of apple were sprayed
with polyamines, pistil longevity was prolonged and

fruit set was improved (Wang et al., 1996).

Carb rmuoypuatrescine
armdidohsydrolase (CFPAD

Spenmidine synthasze

Spermmine symtlase

Argind e

Arginine decarbozxylase (AT mﬂ
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Fig. 1. Polyamine biosynthetic pathway (Kaur-Sawhney et al., 2003).

Moreover, ethylene was evolved from pollinated
flowers than from non-pollinated flowers. This
observation suggests a possible role of ethylene in
fertilization. Nichols et al. (1983) found an increase
in l-aminocyclopropane-l-carboxylic acid (ACC), an
ethylene precursor, in hand-pollinated styles of

carnation flowers.

Putrescine applied at anthesis did not reduce the
levels of ethylene evolved from flowers during the
bloom period, although it extended ovule longevity
and increased fruit set and yield (Crisosto et al.,
1988). Moreover putrescine increased effective
pollination period (EPP) in the ‘Comice’ pear by
improving the nitrogen and boron contents of leaves
and flowers which play a vital role in increasing EPP
(Ewart and Kliewer, 1977). Increase in the leaf
contents

nutrient including nitrogen by the

application of polyamines have also been found in
various other horticulture plants including gladiolus,
pepper and trifoliate orange seedlings (Nahed, et al.,
2009; Shawky, 2003; Wu et al., 2010).

Heavy fruit drop because of the development of
abscion layer, is an important factor contributing to
low fruit yield in fruit like mango as sometimes only
0.1% of set fruit reach maturity (Chadha, 1993).
Because of the antiscenesce nature, polyamines have
been reported to reduce the fruit drop by maximizing
the fruit retention and increasing the yield in many
fruits including mango (Singh and Singh, 1995; Singh
and Janes; 2000; Malik and Singh, 2003; Malik and
Singh, 2006), apple (Costa et al., 1986), olive (Rugini
and Mencuccini, 1985), litchi (Stern and Gazit, 2000)
and grapes (Ponce et al., 2002; Aziz et al., 2001;

Farag, et al, 1998; Marzouk and Kaser 2011).
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Fig. 2. Free Polyamine contents during growth and development of peach fruit (Liu et al., 2006).

Stomatal movements

Stomata are responsible for the exchange of gases
between plant and the environment. Changes in
guard cell turgor that instigate opening and closing of
stomatal aperture are controlled by number of factors
through modulation of ion channel activity and
pumps (Ward et al., 1995). Potassium ions play an
important role in the regulation of stomatal opening
and closing. A number of studies have shown that
inward K* channel-inhibiting processes or factors
often inhibit stomatal opening. Such factors include

ABA, Ca2* levels and polyamines (Liu et al., 2000).

Like ABA, polyamines, have a role in stomatal
regulation, having different mechanism, whereas ABA
elicit turgor loss by activating anion channels and
outward K+ channels (Pei et al, 1997). On the
contrary, polyamines do not affect inward K+ or anion
channels, suggesting thereby possibility of some other
polyamine targets in addition to inward K+ channels
in guard cells for induction of stomatal closure.
Stomatal regulation is one of the most studied
mechanisms of plant responses to stresses. Many of
the stress factors are known to elevate polyamines.
Electrophysiological and molecular studies in animal
systems have demonstrated the role of polyamines in
modulation of ion channels by direct binding to the

channel protein or membrane component (Johnson,

1996). Studies of Briiggemann et al. (1998) showed
that in higher plants, polyamines block fast activating
vacuolar cation channels. Among the ion channels in
the guard cells, the inward K* channels are an
important player in stomatal regulation and
factors/processes blocking inward K* channels
inhibiting stomatal opening. Studies of Liu et al
(2000) in Vicia faba leaves revealed involvement of
polyamines in regulation of voltage-dependent
inward K+ channels in plasma membrane of guard
cells. Whole-cell patch clamp analysis showed that
intracellular applications of all natural polyamines
including spermidine, spermine, cadaverine and
putrescine induced closure of stomata by inhibiting
the inward K* current across the plasma membrane of
guard cells. Further, identification of target channel at
molecular level revealed that spermidine induced
closure of stomata, occurred due to inhibition of
inward K+ current carried by KATI channel. Single
channel recording analysis indicated that regulation
of K* channels by polyamines requires unknown
cytoplasmic factors (Liu et al., 2000). In an effort to
identify the target channel at molecular level, they
suggested that polyamines target KATI-like inward K*
channels in guard cells to modulate stomatal
movements hence provide a link between stress
conditions, polyamine levels and regulation of

stomatal movements.
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Role of polyamines in shelf life extension and anti-
senescence agent

Senescence is a highly ordered and genetically
regulated process, which can be viewed at cell, tissue,
organ or whole plant level. The process is largely an
oxidative, mainly characterized by cessation of
photosynthesis, disintegration of organelle structures,
loss of chlorophyll, proteins, and a dramatic increase
in lipid oxidation, breakdown of cell wall components
and disruption of cell membranes leading to loss of
1997).
Senescence, though a terminal developmental stage in

cell/tissue structure (Buchanan-Wollaston,

the life cycle of a plant, can also be accelerated by an
array of both abiotic and biotic factors (Smart, 1994).

Sharp increase in the ethylene production is the key
feature of climacteric fruits after physiological
maturity like mango, banana, apple, peach, plum and

apricot. During climacteric fruit ripening, a burst in

ethylene production occurs in concomitant with
1-aminocyclopropane-1-
(ACS) and 1-

aminocyclopropane-1-carboxylic acid oxidase (ACO)

increased activities of

carboxylic  acid  synthase
enzymes (Lelievre et al., 1997), while the enzymatic
changes that lead softening of the fruits are also
associated with the fruit ripening. Major enzymes
taking part in the softening of the fruits are

polyestrase and endo, exo polygalacturonase (Huber,

1983).

As ethylene is a senesce promoting hormone and

promotes fruit ripening. The researchers are
interested to slow down the production of ethylene
especially in the climacteric fruits to prolong the shelf
life and maintain the quality for the longer period of
time. Both polyamine and ethylene has the same

precursor i.e. S-adenosyl methionine (SAM) so
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inhibit

biosynthesis by competing for the common precursor

biosynthesis of polyamines ethylene
(Pandey et al., 2000), as both of them have opposite
effect on the fruit ripening and senescence Many
observations indicated that polyamines could inhibit
the synthesis of 1-aminocyclopropane-1-carboxylic
acid (ACC), the precursor of ethylene, thus reducing
ethylene production. Polyamines also inhibited auxin-
induced ethylene production and conversion of

methionine and ACC to Ethylene (Li et al., 2004).

The inhibition of ethylene is reported in many
horticultural crops including tomatoes by application
of exogenous polyamines (Suttle, 1981). In cut
carnation petals, Spm reduced ACC content, ethylene
production, the activities and transcript amounts of
ACC synthase and ACC oxidase (Lee et al. 1997).
Ahmad et al., (2007) reported that pre storage
application of polyamines retarded fruit softening and
ethylene production by lowering the activities of both
the fruit softening and ethylene producing enzymes
i.e. ACC, ACS. ACO exo-PG, endo-PG, PE, EGase
during low temperature storage, thus improving the
shelf life of the fruit. Similar effect of polyamines on
reducing the production of ethylene was reported
earlier in apricot (Martinez—Romero et al.,, 2001),
kiwi fruit (Petkou et al,, 2004), mango (Malik and
Singh, 2005), peach (Bergoli et al., 2002) and plum
(Perez- Vicente et al., 2001; Serrano et al., 2003).
Exogenously applied polyamines maintained the
quality of blueberry for the longer period of time

compared to control and heat treatment. (Fouad,

1996).

The antisenescence behavior of polyamines is not
universal, as several counter examples have been
reported where polyamines did not seem to retard
senescence. The increased flower longevity and
retarded senescence in cut carnation with
aminotriazole was the result of inhibition of
climacteric peak of ethylene production, but the
treatment had no effect on levels of polyamines
(Serrano et al., 1991). Also, the addition of 1omM
putrescine and spermine to culture solutions of cut

carnations failed to increase flower longevity (Downs
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and Lovell, 1986). On the contrary, an increase in
endogenous level of free putrescine was observed in
carnation flowers during senescence, while no
variation in content of free polyamines was observed
in climacteric and non-climacteric carnation flowers
at pre-climacteric stage. Studies of Botha and
Whitehead (1992) on petunia flowers showed that
initial decline in polyamines during pre-climacteric
stages was not accompanied by concomitant increase
in ethylene production. This can be due to the fact
that synthesis of ACC by ACC synthase is rate limiting
step and not the availability of SAM in the pathway of
ethylene production during pre-climacteric stage.
This is further supported by the use of D-arginine and
MGBG

inhibitors of putrescine synthesis, respectively, which

(Methylglyoxal-bis-guanylhydrazone),

did not result in stimulation of ethylene synthesis
during pre-climacteric phase of petunia flowers.
However, the degree of relationship between
polyamines and ethylene at both physiological and

biochemical levels still remains unresolved.

Role of polyamines in abiotic and biotic stress

Major abiotic stress contributors are extreme
temperatures, drought, salinity, frost, high intensity
of sunshine and pollutants. While biotic stress
contributors are the pathogens. Physiological
processes of the horticultural crops are altered by the
stress whether it is biotic or abiotic, hence, plant is
damaged and the productivity is decreased which

results in the economic losses.

It is established fact that all types of stresses produce
the reactive oxygen species in the biological system
which is highly toxic to the system and causes the
oxidative stress (Alexieva et al., 2003). Polyamines
are well known to be relevant with different biotic and
abiotic stresses (Tang et al., 2004). A stress,
therefore, affects the normal metabolic process in
negative way. The extent of the consequences of the
stress depends upon the time period to which the
plants species remain exposed to the stress. The
researchers have observed the role of polyamines
reducing the damage done by different stresses, as

they are reported to be radical scavengers (Kim and
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Jin 2006). On the other hand some researchers argue
that the counteraction of the cell with the stresses is
due to the boost in the antioxidant defense systems by

the application of polyamines (Velikova et al., 2000).

Role of polyamines in eliminating the chilling injury

Application of polyamines can be used to inhibit the
symptoms of chilling injury in the fruits and
vegetables if the dozes are to be standardized in the
near future, to enhance the marketable life and

quality of the horticultural perishable commodities.

Increase in the membrane permeability is caused by
the deleterious effects of chilling injury as it involves
the modification of the membrane phase transition
i.e. from a liquid- crystalline to a solid-gel state of the
membrane lipids and proteins. This increases the ions
and electrolyte leakage (Stanley, 1991; G’omez-
Galindo et al., 2004). Chilling Injury not only
deteriorates the shape of the produce but also affects
the quality very badly. The problem of chilling injury
is very common in horticultural produce like banana,
mango, peach and pomegranate in low temperature
storage (Mirdehghan et al., 2007), while polyamines
induce cold acclimation, which results in the
maintenance of the membrane integrity and fluidity.
The imbalance that is created during the stress causes
acidification of the cytoplasm with serious
consequences on the metabolic regulation and the
homeostasis of living cells (Flores et al., 1985; Smith,

1984).

The association of polyamines with various stresses
has been reported earlier (Mc-Donald and Kushad,
1986; Richard and Coleman 1952; Smith, 1982;
Young and Galston 1983). Many theories have been
reported for the accumulation of polyamines induced

by stress (Flores et al., 1985).

Studies on citrus resulted towards increase in
phospholipids and other polar compounds during
citrus cold hardiness (Yelenosky, 1985). This could be
attributed to the increase in polyamines titers.
Another hypothesis suggests that increase in

polyamines during stress may have a direct role in
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maintaining cell membrane thermostability against
changes in fluidity and solute leakage (Smith, 1982).
Application of 1 to 10 mM Put or Spm protected
isolated protoplasts against lysis and reduced
macromolecules breakdown (Altman et al., 1977;
Galston and Kaur-Sawhney, 1980). According to
some studies the accumulation of polyamines has
maintained the integrity of cell membrane (Guye et
al., 1986; Smith, 1982; Smith, 1971). A study was
conducted to determine the polyamine levels in three
citrus cultivars during low temperature acclimation.
It was noted that citrus trees responded to low
temperature acclimation with a uniform and
substantial increase in polyamines (Kushad and

Yelenosky, 1987).

Exogenous application of polyamines has been
reported to reduce the symptoms of chilling injury
during storage in various horticultural commodities.
Post harvest dips of polyamines have been used to
reduce the chilling injury in Zucchini squash (Kramer
and Wang, 1989) and cucumber (Zhang et al., 2009).
Nair and Singh (2004) obtained the similar results
when they applied the polyamines exogenously to the
mango fruit. Pomegranate fruit treated with
polyamines and stored at 2 °C developed lesser
chilling injury symptoms as compared to control
(Mirdehghan et al., 2007). Thus some data appeared,
which make it possible to consider polyamines not
only as ROS scavengers but also as activates of the
expression of the genes encoding antioxidant
enzymes like CAT, SOD and POD (Hiraga et al. 2000;

Aronova et al., 2005).

In addition, during chilling injury, changes are also
reported in the cell membrane lipid, resulting in the
increase in permeability and leakage of ions (Stanley
1991, Gomez-Galindo et al., 2004). All these changes
were reduced significantly when the pomegranate
fruit treated with polyamines kept in the storage
conditions (Mirdehghan. et al. 2007). Martinez
Romero et al, (1999) reported polyamines as
physiological markers of mechanical stress in lemon
when exogenous polyamines were applied. However,

the mechanism by which polyamine counteract the
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stress effects are still unclear. The researchers argue

the following possibilities.

Polyamines directly act as free radical scavengers
(Drolet et al.., 1986, Bors et al.., 1989; Velikova et al..
2000).

As they are polycationic in nature, they might interact
with membrane, giving the stability to membrane in
different stresses (Besford et al., 1993; Borrell et al..
1997).

Heat Stress

High temperature stress is one of the key cause of
lower yield and adaptability of the crops all around
the world, especially when the crop is at its critical
stage of growth and development (Mc Williams, 1980;
Chen et al., 1982; Paulsen, 1994; Maestri et al.,
2002). Even short term exposure to high
temperatures ranging from 45 to 50 °C tempts
noticeable alteration in the physiological processes of

the plants (Bauer and Senger, 1979).

Synthesis of heat shock proteins (HSPs) is one of the
responsive mechanisms adopted by the plant to shield
the harmful effect of high temperature stress.
Konigshofer and Lechner (2002) suggested that
polyamines (PAs) might directly affect the synthesis
of heat shock proteins at synthesis level or by

affecting cell membrane properties.

The intensity of conjugated and free PAs, as well as
PAO and ADC activities, were superior in the callus of
tolerant agronomic crops under non stressed state.
Moreover, infrequent PAs, norspermine and
norspermidien, were perceived in tolerant one, which
amplified under high temperature stress (Roy and
Ghosh, 1996). Similar findings were reported by
Konigshofer and Lechner (2002) working on tobacco.
SAMDC (S-adenosyl-l-methionine decarboxylase) is
one of the major regulatory enzymes in the synthesis
of PAs. Transgenic tomato plants having SAMDC
produced 1.7 to 2.4 time higher spermine and
spermidine than non transgenic under heat stress.

Enhanced antioxidant enzyme activity and the

2017

protection of membrane lipid per oxidation were also
observed in these plants. These findings revealed that
improving PA biosynthesis in plants can be inductive
for the resistance against high temperature stress

(Cheng et al., 2009).

Heat resistance of two tomato cultivars was improved
by the application of 4 mM spermidine, which also
improved pollen growth and tube germination under
1999;
Murkowski, 2001). Foliar application of spermidine

high temperature stress (Song et al,
(SPD) improved the activity of antioxidant enzymes of
cucumber seedlings hence alleviated the effects of

high temperature (Tian, et al., 2012).

Atmospheric Pollutant

Common atmospheric pollutants like SO- caused an
increase in bound and free polyamines as observed in
pea plants. This might be because of the release of H*
ions, because sulfur dioxide absorption into cells
forms acids (Priebe et al., 1978). Furthermore, beans
treated with cadmium chloride (CdCl.) had increased
PUT contents (Weinstein et al., 1986). Furthermore,
treating crabapple with SPM and SPD under
cadmium chloride stress resulted in alleviated lipid

per oxidation.

Ozone (0O3) is another most important constituent of
air pollution which adversely effects the growth,
development and ultimately the yield of the crop.
Exogenous application of polyamines alleviated the
deleterious effects of ozone in the tomato plants

(Ormrod and Beckerson, 1986; Bors et al., 1989).

Foliar application of polyamines protected cucumber
from the effect of UV radiation (Kramer et al., 1991)
and paraquat damage in Radish by invoking the
antioxidants protector enzymes i.e. SOD and APX
(Kim and Jin 2006). These findings suggest that
polyamines can be helpful in finding the solution of
the environmental pollutants which are one of the

major hindrances in the crop production now a day.

Drought and Salinity Stress

Drought causes adverse effects on plant growth and
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productivity (Parida and Das, 2005). Means of
irrigation are one of the major factors for successful
plant production in dry zones. Not only lack of water,
but also the bad quality of irrigation water, due to the
presence of disproportionate ion concentrations
another big issue of dry areas. High salt concentration
in the irrigated water is problem in more than one
third of the irrigated land worldwide (Postel, 1993).
Among crop species, horticultural commodities are
regarded as very sensitive to drought and soil salinity.
An electric conductivity (EC) of 4 mS cm?
(corresponding to 40 mM NaCl or 0.27% salt) of the
saturation extract is regarded as critical in orchards.
It is noteworthy that irrigation water for fruit trees

should not exceed 2 mS cm.

Shevyakova (1981) noted a remarkable buildup of
putrescine (Put) and cadaverine (Cad) in bean and
pea plants grown in high salt conditions. In contrary
to findings of Shevyakova (1981) Smith (1973) and
Anderson and Martin (1973) found PA (Put and Spd)
metabolism did not change with the exposure to
salinity changes. A similar trend was observed in
Vicia faba (Fabaceae, Magnoliophyta) (Priebe and
Jager 1978). Conversely, Tattini et al. (1993) recorded
a spectacular reduction in putrescine contents of
roots of olive plants supplied with increasing salinity.
In tomato plants polyamines application was effective

in amelioration of NaCl stress.

To check the association of the ADC (arginine
decarboxylase) pathway in salinity stress response,
putrescine biosynthetic gene expression, the
polyamine titre and enzyme activities were examined
in apple (Malus sylvestris L.) Mill. var. domestica
(Borkh.) Mansf. In vitro callus under salt stress. Salt
stress (200 mM NaCl) caused an increase in free
putrescine content. Accumulation of putrescine was
in accordance with induction of ADC activity and
expression of the apple ADC gene (MdADC). All of
these findings indicated that the ADC pathway was
tightly involved in the salt stress response.
Accumulation of putrescine under salt stress, suggests
a possible physiological role of putrescine in

alleviating stress damage (Liu et al., 2006).
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Disease control

The protection of fruit from invasion of fungal
pathogens is largely due to activation of a highly
coordinated biochemical and structural defense
system that helps ward off the spread of pathogens
(Lawton et al., 1996; Schroder et al., 1992). Chitinase
and [-1,3- glucanase hydrolyze polymers of fungal cell
walls, are thought to be involved in plant defense
mechanisms against fungal infection (Collinge et al.,
1993; Schlumbaum et al.,, 1986). Phenylalanine
ammonia-lyase (PAL) is a key enzyme in the first
step of the phenylpropanoid pathway, which is related
to the plant defense system (Dixon and Paiva, 1995).
POD activity produces the oxidative power for cross-
linking of proteins and phenylpropanoid radicals
resulting in reinforcement of cell walls against
attempted fungal penetration (Huckelhoven et al.,

1999; Kristensen et al., 1999).

Researchers have also suggested that (-1, 3-
glucanase, PAL and POD are related to induced
resistance in plants (Hammerschmidt et al., 1982;
Pellegrini et al., 1994; Mohammadi and Kazemi,

2002; Qin et al., 2003).

Increase in the activity of enzymes like POD and PPO
was noted in the bean plant by Haggag (2005) when
polyamines or their precursors were applied to the
leaves of plants. The increase in the activity of these
enzymes is related to the increase in the resistance
against the disease causing organisms (Kumar and

Balasubramanian, 2000).

Free and conjugated phenols as well as pathogen
related proteins (PR) were enhanced followed by
polyamines treatment. In fact, synthesis of phenols is
important in many forms of resistance (Garriz et al.,
2003). The activity of pathogens related protein is
another phenomenon by which the plants develop
resistance against the viral and fungal infections.
Expression of phytopathogenesis-related protein (PR)
gene resulted in the reduced viral infection (Hiraga et
al., 2000). Hiraga et al. (2000) proposed a
hypothesis that polyamines might have a role in

resistance of plants against infection by activating PR
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gene. But no work on this aspect on horticultural

crops was observed during the review of literature.

The spread of disease depends upon the plants
response in interacting with the pathogens (Walters,

2000; Walters, 2003; Cowely and Walters, 2002).

Polyamines conjugated to phenolic compounds,
hydroxycinnamic acid amides (HCAAs), have been
shown to accumulate in incompatible interactions
between plants and a variety of pathogens, while
changes in the diamine catabolic enzyme, diamine
oxidase suggest a role for this enzyme in the
production of hydrogen peroxidase during plant

defense responses ( Walters, 2003 ).

The increase in the activity of ethylene during
pathogen infection lowers the concentration of
polyamines which also describes the possible role of
the polyamines in the control of viral and fungal

infection (Jose et al., 1991).

Biotic stress is a vastly open field for the scientists as
no or very little literature is available explaining the
role of polyamines in controlling the disease and
infection in horticultural commodities. It is the
demand of the day to work on this aspect to reduce
the pre and post harvest losses due to diseases which

are very high in developing countries.

Future prospects

Human interference has changed the natural climate,
causing certain type of enhanced biotic and abiotic
stresses and other adverse affects on the plants which
have to feed the increasing population of the world.
The role of polyamines has been studied by different
scientists to solve agricultural issues but still a lot of
research is needed to wunderstand the proper
phenomenon of the action of polyamines. Secondly, a
few reports are there which show the effect of
polyamines on inducing the resistance in agronomic
crops against the pathogens and diseases, but a very
little or no work is done in horticultural plants
regarding this aspect. So there is great need of time to

do the work in this direction, and to know the proper
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mechanism of polyamines involved in inducing

resistance against diseases and pathogens.
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