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Effects of exogenous polyamines on leaf
area of sunflower grown in salinity stress
Tuzluluk stresi altinda bayutllen aycicegi
bitkilerine dissal uygulanan poliaminlerin yaprak
alanina etkisi
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ABSTRACT

his study investigated the effects of polyamines, which were applied exogenously in growth period of sunflo-

wer (Helianthus annuus L. cv. Santafe) plants grown, under controlled conditions, on leaf pairs and total leaf
surface area. Salt was used in 3 different concentrations (50,100 and 200 mM NaCl) and also, spermine, sper-
midine and putrescine was applied in 3 levels (0.01,1and 2 mM). The leaf and stems of sunflower plants grown
in salt culture solutions in Hoagland and at various concentrations for 45 days were sprayed with polyamine
solution every other 3 days and 8 times in total as from the 15" day.

The total leaf areas and areas of leaf pairs decreased depending on increasing salt concentration. Sper-
mine, spermidine and putrescine sprayed to plants were able to show positive effect only under specific and
limited conditions. Putrescine was determined to be the most effective polyamine in removing the inhibitory
effect of salt on leaf area.
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6ZET

u calismada kontrollu iklim kosullarinda blyUtllen aycicedi (Helianthus annuus L. cv. Santafe) bitkilerinin

blyime déneminde uygulanan disssal poliaminlerin yaprak ciftleri ve total yaprak ylzey alani Gzerine
etkileri calisiimistir. Calismada 3 farkli tuz derisimi (50, 100 ve 200 mM) ile U¢ farkh dizeyde (0.01, 1 ve 2
mM) putresin, spermin ve spermidin kullaniimistir. Hoagland ve dedisik konsantrasyonlardaki tuzlu kaltar
¢Ozeltilerinde 45 glin biyUtilen aycicedi bitkilerinin yaprak ve govdelerine 15. glinden itibaren 3 er giin arayla
toplam 8 kez poliamin ¢ozeltisi plskUrtilmustar.

Total yaprak alani ve yaprak cifti alanlari artan tuz derisimine bagli olarak azalmistir. Bitkilere piskirtilen
Spermin, Spermidin ve Putresin kiltlr ortamina eklenen tuz ve poliamin diizeyine bagl olmak lizere sadece
belirli ve sinirli kosullarda olumlu etki gésterebilmistir. Tuzun yaprak alani Gzerinde yapmis oldugu engelleyici
etkiyi kaldirabilmek acgisindan en etkili poliamin Putresin olarak tespit edilmistir.
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INTRODUCTION

Polyamines (PAs) are low molecular weight
polycations found in all living organisms.
Spermidine (Spd), spermine (Spm) and their
diamine obligate precursor, putrescine (Put), are
major PAs in plant cells. PAs have been implicated
in a wide range of requlatory processes such
as promotion of growth, cell division, DNA
replication and cell differentiation [1]. Because
of their polycationic nature at physiological
pH, PAs can be strongly bound to the negative
charges in cellular components, such as DNA,
membrane phospholipids, pectic polysaccharides,
and proteins, and thus mediate their biological
activity [2].

PAs areinvolvedinthe stress tolerance of higher
plants, which encounter various abiotic stresses,
including salt stress [3, 4]. Since PA level changes
significantly upon exposure to environmental stress,
it has been hypothesized that they are part of a plant
defense mechanism against stress [5]. Because
the levels of PAs increase during the adaptation to
stress in a variety of plants, it is thought that they
are also involved in these processes.

Recently, some published studies showed
that increased endogenous levels of PAs induced
by spraying suitable concentration of exogenous
PAs are able to improve photosynthetic efficiency
in several environmental stresses. Exogenous
application of PAs improved tolerance against
several abiotic stresses [6]. A positive response to
exogenously applied PAs has been reported in rice
and sorghum [7, 8]. Nayyar et al. [9] found that
exogenous application of Put and Spm substantially
improved the drought tolerance in soybean.
Alternatively, exogenous PA application is a
convenientand effective approach for enhancingthe
salinity tolerance of plants and eventually improving
plant productivity under high salinity. Indeed,
exogenous PA application has been successfully
used for enhancing the salinity tolerance of plants
[10]. Exogenous treatment of PAs enhanced the
growth of wheat plants under control and salt stress
conditions. It has been demonstrated by several
authors that a foliar spraying of Put may enhance
the behavior of rice in the presence of NaCl [11]. The
leaves are the commercially important plant parts,

and by estimating leaf area, the production could
be predicted. The leaf area of a plant is essential
to understand the interaction between plant
growth and environment. Plant yield and quality are
affected by photosynthesis and transpiration rate,
which are closely related to leaf area; making leaf
area a key variable in most developed models to
simulate carbon and water dynamics [12]. However,
a number of studies in literature that investigate
the effects of PAs, exogenously applied to plants
grown in salt conditions, on leaf area is limited
and inadequate, and such comprehensive study
has not been encountered, yet. On the basis of
these observations, we have made an attempt to
investigate the effects of the exogenous application
of Put, Spd and Spm, the three major PAs, on leaf
areas in salt-stressed sunflower plants.

MATERIALS AND METHODS

Plant Material

This study was done with seeds of sunflower
(Helianthus annuus L. cv. Santafe) that are
cultivated as an important agricultural plant. The
seeds were obtained from Seed Improvement and
Certification Centre in Turkey. For this purpose, 10
different cultures of studied sunflower (Helianthus
annuus L.) which are Frankasol, Fleuron, Isoleic,
Santafe, Eurosol, Printasol, 1S897, Odil, icarsol,
Briosol. “Santafe” was chosen because of its rapid
germination and its moderately salt tolerant.

Seed Germination and Plant Growth Method

The seeds of uniform size were surface-sterilized
according to Ellis et al. [13]. Then, they imbibed
Hoagland (Hoag.) (control) and NaCl solutions
at different concentrations (50, 100 or 200 mM
NaCl) for 24 h. The imbibed seeds were germina-
ted at 25 £1°C in a dark growth cabinet. Four-day
old seedlings were transferred to plastic growth
boxes containing vermiculite supplied with the
same culture solution. 6 seedlings were pla-
ced in each growth boxes in three repeats. The
growth experiments were also carried out in a
growth cabinet at 25 = 1°C, relative humidity of
65 = 5% and 15-h-light/9-h-dark periods. During
the growth period, the plants were cultivated on a
half-strength Hoag. solution (control plants) and



F. Mutlu and S. Bozcuk / Hacettepe J. Biol. & Chem., 2013, 41 (4), 331-339

on the same Hoag. solution supplemented with
50,100 or 200 mM NaCl.

Spm, Spd or Put were sprayed on the stems
and leaves of plants growing on vermiculite. PAs
sprayed was prepared with distilled water in 3 diffe-
rent concentrations (0.01,1and 2 mM). PA applicati-
on was begun on the 15" day as from the date that
seeds were soaked with culture solution, the spra-
ying process was done every three days, 8 times
in total, on the leaves and stems of plants. Distilled
water was sprayed on plants in the control group on
the same days. Growing plants in growth cabinet for
45 days as from planting day by using this method
was found adequate to measure leaf areas.

Measurement of Leaf Area

Images of leaves obtained in this study was
transferred to a computer via a scanner.
These leaf areas were calculated using Adobe
Photoshop (version 6) software. The standard
was brought out by retrieving pixels of known
areas during calculation. Pixels obtained at the
end of measurement were determined in cm?[14].
The measurement of standard areas revealed a
very high correlation (R? = 0.999) between the
number of measured pixel (15480 pixel/cm?)
and the tested areas. Leaf measurements were
performed on all developing plants.

Statistical Analysis

SPSS for Windows (version 17.00) software
program was used to make statistical analysis.
The assays were carried out in triplicate and
the results are expressed as mean values =
standard error. The test performance levels were
statistically analyzed by one-way multivariate
analysis of variance (one-way MANOVA). All of
the applications performed during the study
were determined as an ‘independent variable’,
and areas belonging to defined different leaf
pairs were determined as ‘dependent variable'.
Variance-covariance matrixes in Box's M test
were homogenous (P = 0.075; P>0.05). P =
0.00; P<0.05 was found for all leaf area pairs in
Levene test and the variance of groups was not
homogenous. There was a difference between
applications because the value of Wilks's
Lambda was P = 0.00; P<0.05. Tamhane's T2 test
(conservative pairwise comparisons test based

on at test) was used to determine which groups
were different from each other since difference
between groups was determined as a result of
variance analysis and variance did not distribute
homogenously. Leaf areas were also calculated
for each treatment and compared within and with
the control.

RESULTS

Salinity and Leaf Area

Salinity was significantly inhibited both total
the leaf area and leaf area pair depending on
concentration (P<0.05). This inhibition was found
to be 41.80% in culture medium containing 50
mM NaCl in Spm application, 65.01% in culture
medium containing 100 mM, and 85.60% in
culture medium containing 200 mM when
compared to control group (Hoag.. As this
inhibition for Spd application was found to be,
respectively, 44.23%, 67.47% , and 81.62%, it
was 36.75%, 58.48% and 92.58% for Put. There
was a decrease in leaf pairs as well as similarly
increasing salt concentrations in comparison with
control (Table 1, 2, 3).

Exogenous polyamine applications and leaf
area

The measurement results obtained concerning
leaf areas belonging to each leaf pair of PAs
and the total leaf areas at the end of study are
summarized on Table 1, 2 and 3.

Exogenously applied Spm, Spd or Put remained
generally ineffective on total leaf area (P <0.05). But
all of the Put levels sprayed on plants cultivated in
only Hoag. culture medium increased total leaf area
(P<0.05).

Combined treatments of polyamines and
salt

PAs exogenously applied to plants grown under
salinity stress showed different effects on leaf
pairs. Spm levels applied exogenously provided a
certain increase in the leaf areas of leaf pairs 2,
3, 5, 6, and 7 when compared with their control;
but this increase was not considered significant.
However, while leaf areas of leaf pairs 8and 9 were
determined in 2 mM Spm application exogenously
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applied plants grown in Hoag. culture solution,
there was no plant growth in other applications.

Increases in certain ratios were determined for
Spd applied cultures; however, similarly it was not
considered significant (P >0.05). As leaf did not de-
velop in other culture media in only leaf pair 9, the
average leaf surface area of plants, which were
grown in Hoag. culture medium and to which 1 mM
Spd was sprayed, was 1153 = 0.109 cm?.

Exogenously applied Put showed a more dis-
tinct effect on leaf areas (Table 3). 0.01and 1 mM Put
exogenously applied to plants grown in only 200
mM NaCl medium in leaf pair 1 caused an increase
in comparison with its control (P < 0.05) (Figure 1).
0.01 mM Put applied to plants grown in Hoag.
culture solution in leaf pair 2 increased in
comparison withits control (P <0.05).0.01mM and
2 mM Put applied to plants grown in 200 mM NacCl
medium in leaf pair 3 increased in comparison
with its control (P < 0.05). Each three Put levels
applied to the plants grown in Hoag. culture
solution increased on leaf area for leaf pairs 4, 5,
6,7, 8, and 9, but this was considered significant
at only certain Put concentrations. Only 2 mM Put
applied to plants grown in 50 mM culture solution
in leaf pair 6 increased leaf area in comparison
with its control (P < 0.05). In leaf pair 10, only the
group, which was grown in Hoag. culture solution,
and to which 1 mM Put was applied, developed.

Polyamine concentrations and leaf area

On the other hand, when we evaluate Spm,
Spd and Put applications in terms of the same
concentration application; in terms of the effect
of PAs applied 0.01 mM on leaf pairs, 0.01 mM
Put application given to plants grown in Hoag.

solution for leaf pair 2 increased in comparison
with Spm (22%) and Spd (25%) having the same
concentration (P<0.05) (Figure 2). Measurements
of only 0.01 mM Put application were made for
plants grown in 100 mM NaCl medium for leaf pair
5 and 6, and plants on which Spm and Spd applied
did not develop. Leaf areas obtained from plants,
which were grown in Hoag. culture solution for
leaf pair 8 and to which 0.01 mM Spd and Put
applied, found high because there was no plant
development for Spm (P < 0.05).

In the applications of 1 mM PA, 1 mM Put appli-
cation to plants grown in 200 mM culture solution in
leaf pair Tincreased leaf surface area in comparison
with Spm and Spd (P < 0.05). Put application given
to plants grown in Hoag. and other culture solutions
on other leaf pairs were determined to be generally
more effective in comparison with Spm and Spd.

In the applications of 2 mM PA, Spd and Prg
applied to plants grown in Hoag. and 50 mM NacCl
were found more effective on leaf area for leaf
pairs 1, 2, 3 and 4 compared to Spm; however, re-
sults were considered significant only for some
concentrations.

DISCUSSION

The reduction in leaf area of plants under salt
stress has been reported wheat [15] and tomato
[16]. Thisreduction may be theresult of slower leaf
expansion [17] or the reduction of photosynthetic
activity [18]. Franco et al. [19] indicate that the
reduction in seedling leaf area can be a good
selection criterion to facilitate rapid screening for
salt tolerance in muskmelon.

00 mM Put (Control) 0.0 mM Put M1 mM Put B2 mM Put

5
457
351
251
1,51
0,57

0 T T T

100 200

Hoagland (0) 50
NaCl Concentrations (mM)

~

w

Leafarea (Cl’lzl) 1. pairs

)

‘D 0.01 mM Spm M 0.01 mM Spd M 0.01 mM Put

I,

Hoagland (0) 50
NaCl Concentrations (mM)

2

Leaf area (cm “)/2. pairs
S T N ]

Figure. 1. Effect of foliar application of Put on 1. pair of
leaves surface area of salt-stressed plants.

Figure 2. Effect of foliar application of 0.01 mM Spm, Spd
or Put on 2. pair of leaves surface area of salt-stressed
plants.
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Several researchers obtained positive results
with Put application especially under salinity stress.
Krishnamurthy [20] expressed that Put applied to
rice plants significantly increased stem growth,
fresh and dry weigh, and grain yield. Amri et al. [10]
also reported that Put. compared to Spd, could sig-
nificantly increase the leaf area. On the other hand,
exogenous Put application alleviated growth inhibi-
tion and improved the grain yield of rice plants un-
der salinity [21]. Amin et al. [22] indicated that under
stress-free conditions, there was an increase in the
leaf area of onion (Allium cepa L. cv. 'Giza 20) 25,
50 and 100 mgL' Put applied. Several authors have
demonstrated that a foliar spraying of Put may imp-
rove the behavior of rice in the presence of NaCl [11].
However, as is seen, the results related to
leaf areas made by exogenous Put are not as
certain or distinct as the results obtained by
these researchers. We are of the opinion that
the inhibition the salt caused may be associated
with partial elimination of some concentration
by applying Put in particular, stabilization of
cell membranes, which were damaged due to
possibly salinity, the use of exogenous PAs, and
preservation of water content of tissues.

As is seen, PAs exogenously applied to plants
grown in different salt concentrations were found
to be generally ineffective on leaf surface area ex-
cept for certain and limited conditions. We believe
that the reason behind this is the fact that sunflower
plants are insensible to exogenous polyamines app-
lied during growth stage. Apparently, a plant may
respond to one PA in a different manner compared
to another.

Our findings are in accordance with only a few
previous studies in this respect. Suleiman et al. [23]
showed that treatment with PAs had no effect on
leaf area regardless of salinity level in spinach. Leaf
area decreased in response to Spd treatment at all
salinity levels as compared to controls and plants
treated with 5 mM Put. Ndayiragije and Lutts [24]
reported that Put, Spd and Spm did not alleviate sa-
linity-induced growth suppression in rice.

These results are contrast to other reports
which showed that exogenously applied PAs con-
sistently and significantly increased leaf area of salt
stressed maize [25]. Shu et al. [26] also reported

the inhibitory effect of salt stress on the values of
leaf area was completely alleviated as a result of
Spd treatments in cucumber plants. Zhang et al.
[27] indicated that 10 mM Put applied on leaves of
cucumber plants grown in salt culture medium inc-
reased leaf surface area.

In the present study, we examined whether or
not PAs could influence the leaf area of sunflower
grown under saline conditions. However, in cont-
rast with reports on other species, analysis of our
growth data showed that PAs treatment did not
ameliorate salinity stress in sunflower. The growth
of sunflowers was not influenced by Spm or Spd,
either applied via a foliar spray. This incongruen-
ce may be explained mainly by the use of different
cultivars and plant age, growing conditions and the
level and duration of salt stress. It is unclear as to
the reason we were not able to achieve similar re-
sults for sunflower to those reported for other plant.
We considered the possibility that the PAs were not
able to penetrate the cuticle of the leaves. Future
work with PAs may be based on studies where PAs
are applied by presoaking the seeds.

In conclusion, it does not appear from our data
that the PAs; Spm, Spd or Put can ameliorate the
effect of salinity stress on leaf area in sunflower.
However, salinity stress significantly influenced leaf
area. The adverse effects of salinity with regard to
leaf area can be ameliorated, to some entent, by the
exogenous application of Put. But, differently from
sunflower variety resistant to medium level salinity
to be studied in future, results should be put for-
ward by studying salt resistant and sensible varie-
ties, as well.
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