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ABSTRACT
Salt stress is one of the most important environmental factors that negatively influence plant’s different processes and reduce
plant growth. Exogenous application of polyamines to stress treated plants could lead to alleviate stress injury in plants and
helps them to grow and yield better. Present experiment was carried out to assess the protective role of spermidine on
Helianthus annuus grown under salinity stress. Plants were irrigated with NaCl concentrations (50 mM, 100 mM and 150
mM) and three different doses of spermidine (0.1 mM, 1 mM and 2 mM) were foliarly applied on plants. Salt stress caused
significant reduction in growth parameters (Plant height, root length, number of leaves, fresh and dry biomass, seed number
and weight per plant), oil quantity, endogenous IAA content, content of chlorophyll, reducing and non-reducing sugars, total
carbohydrates and total proteins. Results indicated promotion in secondary metabolites (phenols, flavonoids, lycopene, beta
carotene, terpenoids and total antioxidants) in plants under same salt stress doses. Spermidine application induced stimulatory
effect and improved above mentioned parameters before and after salt treatment. So, results for physiological and metabolic
analysis of sunflower in present investigation elucidate spermidine foliar application as salt tolerance strategy under saline

environment.
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INTRODUCTION

Abiotic stress results not only crop yield reduction but also
damage the plants and these are the basic symptoms of
different abiotic stresses [1]. Different abiotic stresses are
the major threats towards the living world and specially the
plant kingdom. Plants have developed different
physiological, biochemical and metabolic strategies in order
to tolerate these abiotic stresses. Activation and deactivation
of the complex signaling pathway in response to different
abiotic stresses is difficult to predict [2]. Worldwide
potential threat to different soil is salinity which results in
the reduction of crops yield than expected level. This stress
causes crop growth reduction and limited yield in different
ways. Two basic and primary effects of salinity on plants are
ionic toxicity and osmotic stress that consequently results in
some alternate effects like reduction in expansion of cell,
proper function of membrane and production of assimilates
along with some minor observations like decrease in
cytosolic metabolism and ROS production.

Group of natural compounds with structures containing
aliphatic nitrogen are known as polyamines. Polyamines are
present almost in all living-organisms and play crucial roles
in different physiological processes like response to
environmental stresses and cell development and growth.

Form of polyamine that are commonly found in higher
plants are Putricine, Spermidine and Spermine and they are
found in insoluble bound form, soluble conjugated form and
free form [3]. Soluble conjugated form of polyamines are
covalently conjugated to small molecules such as phenolic
compounds, while insoluble bound PAs are covalently
bound to macromolecules such as nucleic acids and proteins
[4]. There are also uncommon form of polyamines present in
living system, like 1,3-diaminopropane,homospermidine,
canavalmine and cadaverine have been detected in many
biological systems, including bacteria, algae, animal and
plants. Polyamines are found as cations at the physiological
pH.

The sunflower (Helianthus annuus L.) being a member of
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Asteraceae provides a vital opportunity to assess such trade-
offs between growth and resistance towards stress. This is
due to presence of different forms of the same species exist
as domesticated crop, agricultural weed as well as a wild
species in natural areas. If we compare between wild and
domesticated sunflower, it was observed that wild sunflower
produces branched and short stems and many small
flowering heads while on the other hand, a domesticated
sunflower develops a tall un-branched stem with a single and
very large head. Interestingly, a third and weedy form of
sunflower arises as a pest in croplands and highly disturbed
arcas and is found throughout North America [5,6],
Argentina [7] and in much of Europe [8-10]. Sunflower
weeds found in agricultural fields possess morphology
generally intermediate between wild and domesticated
varieties with tall but branched stems [11]. In the present
study, the plant Helianthus annuus was selected based on its
wide range of enthnobotanical importance, to determine the
role of spermidine concentration as foliar spray in growth
and biochemical attributes while plant grown under salt
stress condition.

MATERIALS AND METHODS

Present study was designed to investigate the effect of
polyamine on growth attributes, chlorophyll a, chlorophyll b,
chlorophyll a/b ratio, total chlorophyll, total carotenoids,
reducing sugar, non-reducing sugar, total carbohydrates,
total proteins, total phenols and total antioxidants of
Helianthus annuus under salinity stress. Seeds of Helianthus
annuus were obtained from the local market of Mardan,
Khyber Pukhtunkhwa. This experiment was designed in
completely randomized manner and comprised of 48 pots
which were further divided into 4 sets. Details of 4 sets were
as follows:

1" set: Without polyamine (spermidine) comprising of
control and three salinity treatments (50 mM, 100 mM and
150 mM).

2" set: Polyamine provided as spermidine 0.1 mM the set
comprises of control and three salinity treatments (50 mM,
100 mM and 150 mM).

3 set: Polyamine provided as spermidine 1 mM the set
comprises of control and three salinity treatments (50 mM,
100 mM and 150 mM).

4™ set: Polyamine provided as spermidine 2 mM the set
comprises of control and three salinity treatments (50 mM,
100 mM and 150 mM).

45 c¢m deep plastic pots were used in this experiment. Out of
48 pots, 12 pots were placed in each set and 3 replicates
were maintained for each treatment i) control (non-saline);
ii) 50 Mm NaCl; iii) 100 mM NaCl and iv) 150 mM NaCl.
Every pot was filled with washed sandy loam soil. Soil in
each pot was saturated with full strength Hoagland’s
solution. Approximately, uniform size and equal number of
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seeds were surface sterilized with 0.1% mercuric chloride
for one minute and then washed with distilled water. 4 seeds
were sown in each pot. They were irrigated with an equal
amount, i.e., 50 ml of tap water on daily basis. Accordingly,
when seedlings reached at 3 leaves stage, they were thinned
out as one seedling per pot. At the end, 48 pots were then
arranged in a completely randomized design (CRD) in the
Botanical Garden of Department of Botany, Abdul Wali
Khan University, Mardan and salt treatment was given and
then each pot was irrigated with 1.5 L of tap water twice a
week. On completion of salt treatment in pots, different
concentrations of polyamine (spermidine) were applied
foliarly in different sets.

Agronomic traits

Agronomic parameters were measured at termination of
experiment and plant height, root length, number of leaves,
fresh and dry biomass, number of seed/plant and seed
weight/plant were recorded.

Biochemical analysis

Leaves sample were collected at a grand period of growth
for the estimation of chlorophyll a, chlorophyll b, total
chlorophyll, reducing sugars, non-reducing sugars,
carbohydrates, proteins, phenols and total antioxidant status.

Extraction and estimation of chlorophyll

Estimation of chlorophyll was performed by a
spectrophotometric method described by Lichtenthaler [12].

Determination of reducing and non-reducing sugars

Determination of reducing sugars was performed by
spectrophotometric method described by Miller [13].

Extraction and estimation of total carbohydrates

The amount of total carbohydrates was analyzed using the
spectrophotometric method of Dey [14].

Determination of proteins

The method is rapid and sensitive for the quantification of
microgram quantities of proteins utilizing the principle of
protein-dye binding [15].

Endogenous IAA determination

For determination of indole acetic acid (IAA) plant samples
were analyzed by (high performance liquid chromatography)
HPLC, as described by Rivier and Crozier [16].

Total phenol determination

The amount of total phenolics was analyzed using the Folin-
Ciocalteu (FC) spectrophotometric method described
previously by Elzaawely and Tawata [17].
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Lycopene and B carotenes

B-carotene and lycopene were determined according to the
method of Karnjanawipagul et al. [18].

Total terpenoids

Total terpenoids in plants were determined according to the
method of Ghorai et al. [19].

Total antioxidants

The ferric ion reducing power capability of samples was
determined by using modified spectrophotometric method of
Yen and Chen [20].

Experimental design and statistical analysis

The experimental design was Completely Randomized
Design (CRD) bearing three salt levels replicated thrice.
Results were analyzed by one-way ANOVA using SPSS
21.0 statistical software and significant differences between
the means of parameters were determined by using the
Duncan’s Multiple Range Test (P<0.05).

RESULTS AND DISCUSSION
Growth analysis

Salinity reduces plant growth through osmotic and toxic
effects and high sodium uptake ratio values cause sodicity,
which increases soil resistance, reduces root growth and
reduces water movement through the root with a decrease in
hydraulic conductivity [21]. In present investigation shoot
length, number of leaves, fresh weight and dry weight were
reduced significantly with salinity (100 mM, 150 mM and
200 mM) in all sets as compare to control (Figure 1). Seed
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number and weight per plant was decreased in all sets except
control which showed increase with salinity as compared to
control. Growth retardation could be attributed to the
inhibition of cell elongation [22]. Stress induced reduction in
protein synthesis may affect plant growth. Accumulation of
amino acids reduces the osmotic potential which facilitates
the inward movement of the water [23,24]. The inhibitory
effect due to saline environment was probably due to the
impact of salt on the stomata and photosynthesis process, as
intercellular CO, concentration was reduced and
photosynthetic enzymes, chlorophylls and carotenoids were
disturbed, respectively [25]. Plant growth is limited by a
reduction in the photosynthesis rate and by an excessive
uptake of salts affects the production of specific metabolites
that directly inhibit growth [26]. Different concentration of
spermidine (0.1 mM, 1 mM and 2 mM) significantly reduced
shoot length and fresh weight under saline (100 mM and 200
mM) and non-saline conditions except 150 mM NaCl which
showed increase as compare to control (Figure 1).
Application of different concentration of spermidine (0.1
mM, 1 mM and 2 mM) significantly increased number of
leaves, dry weight and seed weight under non-saline and 100
mM salt while it showed significant decrease at 150 and 200
mM salt. Different concentration of spermidine (0.1 mM, 1
mM and 2 mM) significantly increased number of seeds
under non saline and saline condition except 20 mM which
showed reduction. Spermidine application in salinized
nutrient solution during short-time stress resulted in
alleviation of the salinity induced membrane damage in the
roots and plant growth and photosynthesis inhibition,
together with an increase in polyamine and proline contents
and antioxidant enzyme activities in the roots [27].
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Figure 1. Effect of Foliarly applied spermidine on some vegetative and reproductive parameters of Sunflower grown under

salt stress.
Photosynthetic pigments

Chlorophyll a, chlorophyll b and total chlorophyll reduced
significantly with salinity (100 mM, 150 mM and 200 mM)
in all sets as compare to control except 0.1 mM spermidine
which showed increase in chlorophyll b and total
chlorophyll with salinity (Figure 2). The decrease in
chlorophyll levels in salt stressed plants has been considered

as a typical symptom of oxidative stress [28] and was
attributed to the inhibition of chlorophyll synthesis, together
with the activation of its degradation by the enzyme
chlorophyllase [29]. Reduction of chlorophyll contents, as a
result of either slow synthesis or fast breakdown, indicated
that there was a photoprotection mechanism through
reducing light absorbance by decreasing chlorophyll
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contents [30]. Reudction in photosynthetic pigments and
carotenoids was confirmed by the study of Almodares et al.
[31] on sorghum and Sofy [32] on lentil. Different
concentration of spermidine (0.1 mM, 1 mM and 2 mM)
significantly reduced chlorophyll a, chlorophyll b and total
chlorophyll under non-saline and saline condition as
compared to control. a/b ratio was reduced after application
of different concentration of spermidine under saline and
non-saline condition except 100 mM salt which showed
increase (Figure 2). Gupta et al. [33] observed in wheat
plants that polyamines application increases the total
chlorophyll contents. According to Besford et al. [34]
different molecular complexes that are present in thylakoid
membrane stabilized after application of putrescine. Duan et
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al. [27] suggested foliar application of different polyamines
on plants which results in alleviation in salt induced
reduction up to certain extent in photosynthetic efficiency.
They further commented that this phenomenon strongly
depends on polyamine type, concentration and salt stress
level. Putrescine capability (as polyamine) to stabiles
protoplast and prevent both loss of chlorophyll during
senescence in protoplast and leaves [35]. Ma et al. [36]
suggested that the effect of polyamines in inhibiting
chlorophyll degradation may be related to the inhibition of
peroxidase activity. Increasing carotenoids content may due
to converting these substances to pyruvic acid that led to
enhance biosynthesis of leaf carotenoids [37].
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Figure 2. Effect of foliarly applied spermidine on photosynthetic pigments of Sunflower grown under salt stress.
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Reducing sugars and non-reducing sugars

Reducing sugars were reduced significantly with salinity
(100 mM, 150 mM and 200 mM) in control and 1 mM
spermidine while it shows increase in 0.1 mM and 2 mM
sets as compare to control. Non-reducing sugars increased
significantly with salinity (100 mM, 150 mM and 200 mM)
in all sets as compare to control (Figure 3). In plants, under
salinity stress conditions, accumulation of sugars (reducing,
non-reducing) is reported which allowed the plants to adjust
osmotically [38,39]. On the other hand, Mostafa [40]
observed that at low and moderate salinity levels, sugars and
consequently the total carbohydrates are decreased. Different
concentration of spermidine (0.1 mM, 1 mM and 2 mM)
significantly reduced reducing sugars under control and 200
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mM salt condition while it shows increase less than 100 mM
and 150 mM salt stress as compare to control. Application of
different concentration of spermidine increased non-
reducing sugars under saline and non-saline conditions
(Figure 3). Liu et al. [41] found that spraying Brassica
plants with PAs gave the highest value of total soluble sugar
percentage. PAs alleviated the adverse effects of salt stress
on total soluble sugars concentration and this is at least
partially due to enhanced amylase activity and chlorophyll
content, reported as a response [42]. Hussein et al. [43]
reported that increasing the sugars concentration by
putrescine application may be due to the role of putrescine
on improving plant growth; carbohydrate content resulted in
increasing plant tolerance to salinity stress.
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Figure 3. Effect of foliarly applied spermidine on reducing sugars, non-reducing sugars, carbohydrates, proteins, antioxidants

and IAA of Sunflower grown under salt stress.
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Carbohydrates

Carbohydrates increased significantly with salinity (100
mM, 150 mM and 200 mM) in all sets except 1 mM
spermidine set which show reduction as compare to control
(Figure 3). Plants have been attributed an adaptation by
increase in carbohydrate level in response to stresses [23].
High carbohydrate content under salt stress prevents plants
from the oxidative damage and maintains structure of
proteins and membranes [44]. Increase in carbohydrate
content depends on environmental conditions, species and
genotypes within the same species [45]. Application of
different concentration of spermidine increased total
carbohydrates under non saline and saline condition except
150 mM salt which showed reduction as compare to control
(Figure 3). In this regard, several investigators proved that
polyamine plays an important role in carbohydrate
metabolism. El-Bassiouny et al. [46] found that application
of PAs treatment had favorable effect on the synthesis and
accumulation of carbohydrates in leaves of wheat plants. In
most cases, plants sprayed with PAs at the different
concentrations had higher contents of total carbohydrates in
their leaves, compared to the untreated control.

Proteins

Total proteins reduced significantly with salinity (100 mM,
150 mM and 200 mM) in all sets except 0.1 mM spermidine
set which showed increase as compare to control (Figure 3).
Stressed plants mostly exhibited nutrient imbalance which
causes inhibition in protein synthesis delay in enzyme
solubilization and reduction in enzymatic activities [47].
This decrease was may be due to the increasing activity of
acid and alkaline proteases in order to keep osmotic stress
during NaCl stress [48]. Our results are also in agreement
with Kennedy and De Fillippis [49] who studied Grevillea
ilicifolia and G. arenaria under saline stress. Application of
different concentration of spermidine reduced total proteins
under non saline and 200 mm saline condition while under
100 mM and150 mM salt total proteins showed increase as
compare to control (Figure 3). These results are in harmony
with those obtained by Amira Abdul Qados [50] on mung
bean, where they found that, contents of proteins increased
as a result of PAs application with saline soil. El-Bassiouny
et al. [46] indicated that PAs was the most effective
compound in increasing soluble carbohydrate, poly
saccharides, total carbohydrates, proline, total amino acid
and protein contents of wheat plants and grains under normal
or stressed condition. Exogenous polyamines stimulated
protein synthesis. In addition, increased polyamine
biosynthesis is correlated with enhanced protein and nucleic
acid synthesis during cellular proliferation in a variety of
prokaryotic and eukaryotic organisms. Polyamines have long
been known to stimulate protein synthesis when added to
cell-free translation systems.
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TAA

IAA reduced significantly with salinity (100 mM, 150 mM)
in control and 0.1 mM set while | mM and 2 mM set
showed increase at 100 mM and decrease at 150 mM salt as
compared to control (Figure 3). Abiotic stresses, like
salinity can influence IAA homeostasis due to alterations in
IAA metabolism and distribution. Moreover, generation of
ROS in response to abiotic stresses may also influence auxin
response. Variations in indole-3-acetic acid (IAA) level in
Funalia trogii under salt stress. Application of different
concentration of spermidine significantly increased IAA
under non saline and 150 mM saline condition while 100
mM salt showed significant reduction as compare to control.
The polyamines have the potential of conjugates formation
with phenols; thereby increase IAA biosynthesis. Previous
results also demonstrated the increase in IAA contents of
putrescine treated Chicory (Cichrium intybus L.) [51].
Increase in IAA and GA contents is also in agreement with
Nassar et al. [52] and El-Bassiouny [53]. The increase in the
plant growth regulators is correlated positively with plant
height, fresh weight and could be attributed to increase cell
division and cell proliferation [46].

Total phenols

Phenols act as free radical scavengers as well as substrates
for many antioxidant enzymes [54]. Total phenols increased
significantly with salinity (100 mM, 150 mM and 200 mM)
in all sets as compared to control (Figure 4). It is well
established that abiotic stresses including salinity cause
oxidative damages, mainly by generating excess ROS
(reactive oxygen species), which can attack lipids, proteins,
DNA and carbohydrates. The ROS is comprised of both
non-radical (molecular) (10, and H,0,) and free radical
forms (OH, O%", RO and HO,¢) [55]. In order to scavenge or
detoxify ROS, antioxidants such as phenolic compounds are
produced by plants [56] and this is why the biosynthesis of
such compounds is generally stimulated in salt-exposed
plants [57]. In previous reports, the volume of phenolic
compounds increased in buckwheat sprout [58], Salvia
mirzayanii [59] and Carthamus tinctorius flowers [60] under
NaCl stress. Application of different concentration of
spermidine increased total phenols under non saline and
saline condition as compared to control. Agastian et al. [61]
deduced that application of various concentrations of PAs
induced high significant increases in the total phenol content
of cowpea shoots. This increase in total phenol contents in
response to PAs treatments concurrently with increase in
IAA contents in shoots of cowpea plants led to the
suggestion that most of phenol compounds are diphenols and
polyphenols which may inhibit TAA oxidase activity
resulting in auxin accumulation, which reflected in
stimulated growth and yield of the treated plants. Moreover,
Neveen [62] observed that putrescine foliar application 1 or
2 ppm enhanced total soluble phenols in sweet pepper
shoots.
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Figure 4. Effect of foliarly applied spermidine on some secondary metabolites of Sunflower grown under salt stress.

Lycopene

Lycopene is a highly important bioactive compound that has
the capacity to combat oxidative stress [63]. Lycopene and
B-carotene are widely known as powerful natural
antioxidants that act as the most efficient singlet oxygen
quenchers in vitro among common carotenoids [64].
Lycopene increased significantly with salinity (100 mM, 150
mM and 200 mM) in all sets except 2 mM set which shows
reduction as compared to control (Figure 4). Increase in
lycopene content following salt stress has been reported
[65], which is in agreement with the present study.
Application of different concentration of spermidine
increase lycopene under non-saline and 200 mM salt stress
while it shows reduction under 100 mM and 150 mM salt
stress conditions. Lycopene is an antioxidant carotenoid
pigment that protects against cell damage. Leovaas [66]
investigated the anti-oxidative effects of spermine,
spermidine and putrescine by measurement of primary and
secondary oxidation products of polyunsaturated fatty acids.

It was demonstrated that polyamines inhibit the oxidation of
polyunsaturated fatty acids, a-tocopherol and carotenoid
pigments. Increase in the lycopene could be due to inhibition
of its oxidation after foliar application of spermidine.

Beta carotene

Lycopene is a highly important bioactive compound that has
the capacity to combat oxidative stress [63]. Lycopene and
B-carotene are widely known as powerful natural
antioxidants that act as the most efficient singlet oxygen
quenchers in vitro among common carotenoids [64]. Beta
carotene increased significantly with salinity (100 mM, 150
mM and 200 mM) in control and 0.1 mM spermidine set
while 1 mM and 2 mM spermidine set showed significant
reduction as compared to control (Figure 4). Beta-carotene
is known as a strong antioxidant and is the best quencher for
singlet oxygen [63]. Application of different concentration
of spermidine increase beta carotene under non-saline and
200 mM salt stress while it shows reduction under 100 mM
and 150 mM salt stress conditions. Put application increased
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the activity of antioxidant enzymes and carotenoids in leaf
tissues of salt stressed Brassica juncea seedlings and
enhanced seedling growth relative to the untreated controls
[67]. Together, these studies indicate that altering polyamine
accumulation through manipulation of biosynthetic
pathways or direct application could have an effect on
physiological responses to salt stress. Exogenously applied
polyamines alleviate salt resistance via the modulation of
cellular anti-oxidative components (enzymatic or non-
enzymatic) [68].

Total terpenoids

Total terpenoids increased significantly with salinity (100
mM, 150 mM and 200 mM) in all sets except 0.1 mM set
which shows reduction as compared to control (Figure 4).
Plant SMs are usually classified according to their chemical
structure [69]. Several groups of large molecules, including
phenolic acids and flavonoids, terpenoids, steroids and
alkaloids have been implicated in activation and
reinforcement of defense mechanisms in plants [69,70]. For
most plants, external factors or variables (light, temperature,
soil water, soil fertility and salinity) can significantly affect
some processes associated with growth and development of
the plants, even their ability to synthesize secondary
metabolites, eventually leading to the change of overall
phytochemical profiles which play a strategic role in
production of bioactive substances [71-73]. In other words,
plant secondary metabolites can be gradually generated in
response to environmental stress and hence plant secondary
metabolism be viewed as plant behavior that is in part the
ability of adaptation and survival in response to environment
stimuli during the lifetime [74] and serve to establish
ecological relationships between plants and other organisms
[75]. Application of different concentration of spermidine
increase total terpernoids under saline and non-saline
conditions (Figure 4). Accumulation of metabolites often
occurs in plants subjected to stresses including various
elicitors or signal molecules [76].

Total antioxidant

Total antioxidant increased significantly with salinity (100
mM, 150 mM and 200 mM) in all sets as compared to
control (Figure 3). The degree of cellular oxidative damage
in plants exposed to abiotic stress is controlled by the
capacity of the plants to produce antioxidant agents.
Therefore, salt tolerance seems to be favored by the increase
in plant antioxidant levels to detoxify the reactive oxygen
species produced under these conditions. Application of
different concentration of spermidine increased total
antioxidant under different concentration of salt while under
non saline condition total antioxidant was reduced after
application of different concentration of spermidine (Figure
3). PAs are known to significantly enhance activity of both
enzymatic [77] and non-enzymatic [78] antioxidants.
Therefore, the PA control over the balance between ROS
production and scavenging may ‘“shape” H,0O, signal,

Gul H, Muhammad F, Arif M, Farman M & Shah M

conferring differential stress responses between species and
genotypes. PAs may influence various antioxidant enzymes
through regulation of their expression. Higher transcript
levels of antioxidant enzyme-encoding genes have been
detected in tissues treated with exogenous PAs or in the
transgenic plants overexpressing PA Dbiosynthetic genes
[79,80].
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