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Background: Drought stress is the most common abiotic stress factor which reduces the plant
growth and development more than other factors. For this reason, identification of effective
factors to increase drought tolerance of plants is necessary requirement. Many reports have
been focused on the involvement of polyamines in plant response to abiotic stresses such as
drought. Polyamines as growth regulators play important roles in keeping cell membrane
stability and reducing ROS generation under water deficit. Carthamus tinctorius is an industrial,
medicinal and oil crop from Asteraceae family. Many studies in other plants showed that
polyamines increase tolerance to environmental stresses, but physiological responses of water-
stressed safflower plants to putrescine is not clear. Thus, this research was carried out to
investigate the physiological changes in safflower under different levels of water supply (100%
and 40% field capacity) treated by putrescine (0, 40 and 60 puM). The experiment was
conducted in a greenhouse as factorial arrangement based on complete randomized block
design with three replications.

Results: Interaction of irrigation x putrescine was significant for all traits. Water deficit
significantly decreased growth parameters, leaf relative water content, photosynthetic pigments,
and soluble protein. APX, CAT, POX and SOD activities, lipid peroxidation, H,O,, electrolyte
leakage, proline, and soluble sugar contents increased under water deficit. Putrescine
application alleviated drought stress injury by decreasing MDA and hydrogen peroxide contents,
and increasing photosynthetic pigments, antioxidant enzymes activities, anthocyanin and
soluble protein contents, leading to a better growth of plants. Foliar spray of 60 uM putrescine
was the most beneficial treatment for improving safflower growth under water limitation.

Conclusions: Water deficit induced oxidative stress and reduced safflower growth. Exogenous
putrescine promoted drought tolerance of plants via increasing antioxidant enzymes activities,
anthocyanin, soluble protein contents and decreasing lipid peroxidation, electrolyte leakage and
H>0O. contents. Overall, 60 uM putrescine was the best treatment for alleviating harmful effects
of drought on safflower plants.
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Abiotic stresses are the most important factors
limiting plant growth and metabolism. Drought is one of
the most detrimental abiotic stress factors for plant
growth (Krouma et al. 2015). Drought can affect different
physiological and biochemical processes in plants

(Mohammadi et al. 2016). Water deficit is characterized

by reduction of water potential, CO., assimilation due to

stomata closure, production of reactive oxygen species
(ROS), oxidative damage in chloroplasts, and reduction
of chlorophyll contents, photosynthesis, cell enlargement
and whole plant growth (Salehi-lisar & Bakhshayeshan-
Agdam 2016). The severity of injury under drought
stress is dependent on time of the stress, level of stress,
inherent characteristics, and developmental stage of
plants (Salehi-lisar & Bakhshayeshan-Agdam 2016).

Polyamines (PAs) such as putrescine (Put) could
have essential roles in defense mechanism of plants
against environmental stresses (Singh-Gill & Tuteja
2010). PAs are involved in scavenging of the free
radicals, and regulating osmotic potential and proline
metabolism under abiotic stresses (Gupta et al. 2013; Li
et al. 2014). Some of the physiological processes such
as cell division and plant development could be altered
by these growth regulators (Singh-Gill & Tuteja 2010).
Exogenous polyamine treatment in stressed-plants likely
could lead to mitigation of injury and promotion of
growth. Nevertheless, these effects are depended on
type of polyamines, their concentration and plant
species (Singh-Gill & Tuteja 2010). For example, PAs
regulated drought stress tolerance of white clover that
was related to antioxidative defense (Li et al. 2015). Also
putrescine 0.1 mM induced antioxidative enzymes
activities in Matricaria Chamomilla (Nazarli et al. 2015).
Safflower (Carthamus tinctorius L.) is important oilseed
crop belonging to Asteraceae. Although, safflower is
somewhat tolerant to drought stress, the physiological
responses of this plant to polyamines such as putrescine
under limited water supply is not clear. So, this research

was conducted to investigate this subject in details.

MATERIALS AND METHODS

Experimental design and treatments

This experiment was carried out in a greenhouse

with a factorial arrangement based on randomized

complete block design with three replications. The seeds
of spring safflower (cv. Goldasht) were supplied by East
Azerbaijan Agricultural and Natural Resources Research
Center (Tabriz, Iran). The seeds were pretreated by 5%
(v/v) sodium-hypochlorite solution for 5 min and
sufficiently washed using distilled water. In a preliminary
experiment, plant performance under 100, 80, 60, 40,
20% FC was tested after three leaves stage for two
weeks and 100% and 40% field capacity was selected
as normal watering and water deficit treatments,
respectively by measuring the growth and physiological
parameters (data are not shown). In another preliminary
experiment, stressed plants were treated with 0, 20, 40,
60, 80, 100 pM putrescine and 0, 40 and 60 puM were
selected as the effective levels. After these pretests, the
seeds were cultivated in plastic pots (15x15 cm)
containing perlite. Thereafter, all the pots were irrigated
up to 100% field capacity (FC) in a greenhouse with 25-
30°C, 60% humidity and 16/8 h light/dark conditions.
The water loss of the pots was compensated by distilled
water for the first 7 days, 50% Hogland solution from
day 7 to day 14, and after that time with 100% Hogland
solution until three leaves stage of plants. At this stage,
plants were treated by different levels of watering (100%
and 40% FC) and after two weeks, plants were sprayed
with putrescine (0, 40 and 60 uM) just once. The
appropriate amounts of putrescine for each treatment
were dissolved in distilled water and sprayed on plants.
The plants were gradually harvested after two weeks

and physiological and biochemical traits were measured.
Growth parameters

Growth parameters such as shoot length, shoot and
root fresh weight, fresh and dry weight of leaf and tap
root length were measured. Plant organs were dried in
an oven at 70 °C for 48 h and their dry weight was
recorded. Leaf area was determined by a graph paper.

Relative water content (RWC)

Leaves were detached from mother plants and
measured fresh weight (FW). These leaves were then
soaked in distilled water for 24 h at about 25 °C.
Thereafter, the surface water of leaves was removed by
towel papers and turgid weight (TW) was recorded.
Samples were then dried in an oven at 70 °C for 48 h
and measured dry weight (DW) (Smart & Bingham

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 14 No. 3 2018



Toupchi Khosrowshahi et al. 40

1974). RWC was calculated as: RWC = (FW - DW / TW
— DW) x100

Photosynthetic pigments

Chlorophyll a, b and total carotenoids contents of
fresh leaves were measured by a spectrophotometer
(Dynamica, Halo- db-20 series, Switzerland). Briefly, 0.1
g of a fresh leaf sample was homogenized with 5 ml of
100% acetone. The absorbance of extracts was
recorded at 645, 660 and 470 nm after 24 h (Sukran et
al. 1998). The pigments contents were calculated as:

Chl, =11.75 Agg, - 2.35 Agys
Chl, = 18.61 Ag,g - 3.96 Agg,

Carotenoid = 1000 A 2.27C,-81.4C, [ 227

470 -
Antioxidant enzymes activities

Fresh leaf and root samples (0.1 g) were
homogenized in ice-cold phosphate - buffered solution
(PBS, 50 mM). Homogenates were centrifuged at 10000
g for 10 min at 4 oC. Supernatant was used to
determine the antioxidant enzymes activities and soluble

protein content.

Ascorbate peroxidase activity (APX, EC 1.11.1.1)
was evaluated by monitoring of absorbance decline at
290 nm in 3 min (Boominathan & Doran 2002). The
reaction mixture (1 ml) contained 300 pyL of PBS (50
mM, pH 7.0), 200 pL of EDTA (0.2 mM), 200 pL of
ascorbic acid (0.5 mM), 200 pL of bovine serum albumin
(BSA, 50 mM), 50 L of enzyme extract and 50 pL of
H,0, (0.1 M). The reaction was initiated by adding 50 pL

of H,0, (250 mM), and APX specific activity (unit mgt
protein) was calculated using the extinction coefficient of
2.8 mM™1 em™ for ascorbic acid. One unit of enzyme
activity was considered as the amount of enzyme
necessary for the reduction of 1 uM ascorbic acid per
min.

Catalase activity (CAT, EC 1.11.1.6) was assayed
according to the methods of Chance and Maehly (1955)
by a spectrophotometer using measurement of reduction
in light absorption at 240 nm in 3 min after an initial lag
period of 30 seconds. The reaction mixture contained

600 pL potassium phosphate buffer, 300 pL H,O, (10

mM) and 100 pL enzyme extract. CAT specific activity

(unit mg® protein) was calculated using the extinction
coefficient (39.4 mM™* cm™) for H,0, and one unit of

enzyme activity was considered as the amount of
enzyme necessary for the reduction of 1 uM H,0, per
min.

Activity of superoxide dismutase (SOD, EC 1.15.1.1)
was measured by determination of nitro-blue-tetrazolium
(NBT) photo-reduction inhibition by the extracts
(Winterbourn et al. 1976). 2.7 ml of potassium
phosphate solution (1 M, pH 7.8), 100 pL of NBT (1.5
mM), 100 pL of EDTA (1 M) NaCN (0.3 mM), 50 pL of
riboflavin and 50 pL of enzyme extract were mixed. The
solutions were placed at light intensity of 5000 Lux for
12 min and the absorbance was recorded at 560 nm.
The amount of the enzyme causing 50% inhibition of

NBT photo-reduction was considered as one unit and
SOD specific activity expressed as unit mg™! protein.

Estimation of peroxidase (POX, EC 1.11.1.7) activity
was carried out by recording the increase in absorbance
at 470 nm during polymerization of guaiacol to
tetraguaiacol for 3 min at intervals of 30s (Obinger et al.

1997). The 300 pL of guaiacol (4 mM), 350 pL of
phosphate buffer (10 mM), 300 pL of H,O, (50 mM) and

50 pL of enzyme extract were mixed. The reaction was

initiated by adding H,O, to reaction mixture, and POX

specific activity (unit mg™ protein) was calculated using

the extinction coefficient of 26.6 mM-1 cm! for guaiacol.
One unit of POX was defined as the amount of enzyme
that caused the formation of 1 mM of tetraguaiacol per
min.

Malondialdehyde (MDA), electrolyte leakage (EL)
and H,0,

Leaf and root samples were homogenized using 3 ml
of 0.1 trichlroacetic acid (TCA) and centrifuged at 10000
g for 5 min. The supernatant was added to 0.5% (w/v)
tribarbitoric acid solution containing 20% (w/v)
trichlroacetic acid. After heating for 30 min and rapid
cooling, the absorbance of supernatant was measured
at 530 nm. MDA concentration was calculated according

to the standard curve prepared using 3, 1, 1, 3-

tetraethoxy propane (0-100 uM) and expressed as ug g
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1 FW (Boominathan & Doran 2002).

The upper fully expanded leaf was detached and

weighed, and then it was cut into three segments (1

cm?). Segments of every leaf were placed in a falcon
containing 20 ml of double distilled water. Electrical

conductivity (EC,) of samples was measured after 22 h.

Then, the samples were transferred to 90 °C for 2 h and

electrical conductivity (EC,) was measured again (Lutts
et al. 1996). Finally, EL was calculated as: EL = (EC, /

EC,) x 100

Samples of 0.1 g leaves and roots (frozen powder)
were homogenized with 5 ml of TCA 0.1% (w / v). The
homogenate was centrifuged at 12000 g for 15 min at 4

OC. The 0.5 ml of supernatant, 0.5 ml of potassium
phosphate buffer (10 mM, pH adapted to studied tissue)

and 1 ml of KI (1M) were mixed at 4 °C for 10 min and

kept at room temperature (about 25 °C) for 15 min. The

absorbance of each sample was recorded at 390 nm. A
calibration curve was provided by H,O, standard

solutions in TCA 0.1%, which was used for quantification

of H,0, content (ug g’ FW) (Harinasut et al. 2003).

Total flavonoid, phenol and anthocyanin contents

The fresh leaves or roots (0.1 g) were homogenized
using 5 ml of 80% methanol. Then, the solutions were
centrifuged at 10000 g for 5 min and supernatants were
used for determination of total flavonoid and phenol
contents. All of the samples were kept in the dark. For
quantification of flavonoids content, 1.5 ml of 80%
methanol, 100 pL of 10% aluminum chloride, 100 pL of 1
M potassium acetate, and 2.8 ml of distilled water were
mixed with 500 uL of each extract. After 40 min, mixture
absorbance was measured at 415 nm. Quercetin (Q)

was used to prepare the calibration curve (1-100 ug)

and flavonoids content was reported as mg E Q g1 FW
(Chang et al. 2002). Total phenol measurement was
performed by adding 2.8 ml of distilled water, 2 ml
sodium carbonate 2%, and 100 pL of 50% Folin- cio-
calteu reagent to 100 pL of each extract. After 30 min,
absorbance of mixture was measured at 720 nm. Galic
acid (GA) was used to provide the calibration curve and

total phenol contents were reported as mg E GA g1 FW
(Meda et al. 2005).

Dry shoot (0.02 g) was grinded with 4 ml of 1%
hydrochloric acid containing methanol. The solution was
kept in the refrigerator for 24 h and then centrifuged for
10 min at 13000 g. Absorbance of the supernatant was
measured at 530 nm and 657 nm. Anthocyanins content
of each extract was calculated using the following
equation according to the method described by Mita et
al. (1997): A = Agyy - (0.25 x Aggy) where, A shows

absorbance of the solution (subscripts indicate the

wavelengths at which the absorbance were recorded).
Soluble and insoluble sugars

Total soluble and insoluble sugars of leaf and root
tissues were determined by the phenol sulfuric acid
method as described by Kochert et al. (1978). Briefly, 5
ml of ethanol (70%) was added to 0.05 g of dry shoot
and root samples and maintained in refrigerator for one
week. Then, the mixture was centrifuged at 10000 g for
15 min at room temperature and supernatant and
obtained sediment were used for determination of
soluble and insoluble sugars content, respectively.
Glucose was used to prepare a standard curve and data

was expressed as mg g DW.
Proline content assay

For evaluation of free proline, 0.1 g of fresh leaf or
root samples were homogenized by using 2 ml of sulfu-
salicylic acid 3%. Then, homogenates were centrifuged
at 2000 g for 10 min and supernatant used for
quantification of free proline by spectrophotometer at
520 nm. The reaction mixture contained 2 ml of
ninhydrin (25% w/v), 2 of ml acetic acid and 2 ml of the
extract. Samples were placed for 1 h in boiling water.
Reaction was then stopped by ice bath. Then, 2 ml of
toluene was added to the mixture and the upper phase
used to measure the absorbance (Bates et al. 1973).
Free proline content was calculated as pg g™ FW, using
a standard curve which was prepared by L. proline (O -
50 pL).

Total soluble protein and free amino acids
The supernatant of extract provided for

measurement of antioxidant enzymes activities was

used for determination of the total soluble protein
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content according to a method described by Bradford et
al. (1976). Free amino acids contents were measured
with 500 pL ninhydrin reagent and 100 pL of the same
extract that were mixed and placed in boiling water bath
for 4-7 min. After sample cooling, absorbance was
recorded at 570 nm and free amino acids contents were

calculated using a standard curve prepared by glycine
and reported as mg g1 FW (Hwang & Ederer 1975).
Statistical analysis

Analysis of variances (ANOVA) of the data were
performed for all the traits by SAS (9.2) software. Means
were compared according to Duncan multiple range test
at p < 0.05 and Excel 2013 software was used to draw
the Figures.

RESULTS

Growth parameters

Drought stress and putrescine levels showed a
significant interaction (p < 0.01) for growth parameters,
RWC and leaf photosynthetic pigments. Growth
parameters significantly increased by foliar spray of
putrescine in stressed plants. Fresh weight of roots,
shoots, leaves and dry weight of leaves increased 4.17
fold, 1.86 fold, 2.53 fold and 3.05 fold in treated plants
with 60 uM putrescine under water deficit, respectively
comparison with untreated plants. The highest leaf area
under stress was observed in plants treated with 60 pM
putrescine. In non-stressed plants, foliar spray of 40 pM
putrescine was more effective than 60 pM in improving

growth parameters (Table 1).
Photosynthetic pigments contents

Putrescine considerably enhanced chl a, b and
carotenoid contents in  drought-stressed plants.
Chlorophyll a content in plants treated with 60 pM
putrescine was significantly higher than 40 uM treatment
under water deficit. However, 40 pM putrescine was a
superior treatment for enhancing photosynthetic
pigments under well-watering (Figure 1A, B, C).

Leaf relative water content

Putrescine application increased RWC under water

deficit. Putrescine treatment in non-stressed plants,

significantly reduced RWC compared with untreated
plants (Figure 2 A).

Antioxidant enzymes

The interaction of water deficit x putrescine
treatment was also significant for the antioxidant
enzymes activities of safflower leaves and roots (p <
0.01). Antioxidant enzymes showed higher activities with
60 UM putrescine than 40 uM treatment in leaves of the
stressed plants. 40 UM putrescine significantly enhanced
POX activity in roots of stressed plants. Application of 40
UM putrescine in non-stressed plants significantly
increased studied antioxidant enzymes activities in
leaves and roots (Table 2).

Lipid peroxidation, H,0, content and EL

The interaction of water limitation x putrescine
treatment was significant for MDA, H,O, and EL in

safflower (p < 0.01). Putrescine significantly reduced
MDA and EL under drought treatment in leaves. The
lowest EL was observed in stressed plants treated with
60 uM putrescine. MDA content in leaves or roots of
plants treated by 60 pM putescine under water deficit
were 2.08 and 2.33 times lower than the plants treated
only by water deficit, respectively. Exogenous putrescine
decreased MDA content in roots of stressed plants.

Putrescine spraying significantly decreased H,O,

content in leaves and increased in roots under stress
condition. In the non-stressed plants, putrescine

increased H,O, and EL in leaves and decreased in roots
(Table 2, Figure 2 B).
Total flavonoid, phenol and anthocyanin contents

Water deficit and putrescine levels showed a
significant interaction on total flavonoid, phenol and
anthocyanin contents of safflower leaves and roots (p <
0.01). 60 uM putrescine enhanced total phenol in leaves
and anthocyanin contents in shoots under water
limitation compared with untreated plants. Total phenols
in roots significantly enhanced with putrescine in
stressed and non-stressed plants. In non-stressed
plants, putrescine application significantly reduced total
phenols, flavonoid (in leaves) and anthocyanin contents

in shoots and enhanced them in roots (Table 3).
Osmolytes

The interaction of drought stress x putrescine
treatment was significant (p < 0.01) for osmolytes of
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safflower in shoots, leaves and roots. Soluble sugars (in
shoots, roots) and proline contents in leaves and roots
significantly decreased with putrescine application under
water deficit. 60 pM putrescine significantly increased

protein content in leaves of stressed plants. Putrescine

0.16 - 3

005

60 pM in non-stressed plants significantly reduced
leaves and roots protein contents. In these plants, effect
of putrescine on soluble sugars (shoots, roots) and
proline contents (leaves, roots) was different related to

concentrations (Table 4).
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Figure 1. The effect of different concentrations of putrescine on photosynthetic pigments content (A)

chlorophyll a, (B) chlorophyll b, (C) carotenoids of safflower plants under different levels of

watering. The data represent the mean of three replications + SD. Different letters indicate

significant difference at p < 0.05. 14, I.: 100% and 40% Field Capacity, respectively.
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Figure 2. The effect of different concentrations of putrescine on (A) relative water content (B) electrolyte

leakage in safflower plants under different levels of watering. The data represent the mean of three

replications = SD. Different letters indicate significant difference at p < 0.05. 14, I,: 100% and 40%

Field Capacity, respectively.
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Table 1: Effect of different rates of putrescine on growth parameters of safflower plants under different levels

of watering.
Water Put Tap root length Root FW Shoot length Shoot FW Leaf FW  Leaf DW Leaf area
supply  (uM) (cm) (mg) (cm) (mg) (mg) (mg) (mm?)
0 12.83+0.28% 160+11.93%919.50+0.502 624+40.73° 35.33+1.522° 3.66+0.57° 203.1+11.672
ly 40  15.83+1.44% 546+25.162 16.66+0.57° 756+45.612 46.66+1.522 3.83+0.76P 206.3+14.842
60  14.50+0.50P°¢ 219+15.09¢ 16.16+0.57P 476+35.36° 35.00+1.002P 4.00+0.10P 200.3+1.522P
0  12.16+1.159 105+8.66° 9.66+0.28% 250+8.62¢ 20.00+1.50P 2.16+0.28° 102.5+2.50°
1y 40 17.83+1.042 216+11.54° 12.16+0.579 333+15.27933.33+1.522P 3.33+0.57P 163.5+9.79P

60  17.83+1.892 438+24.66P 14.33+0.28C 466+11.84¢ 50.66+1.152 6.60+0.522 179.2+13.762°

The data represent the mean of three replications + SD.
Different letters indicate significant difference at p < 0.05.
l1, I2: 100% and 40% Field Capacity, respectively.

Table 2: Changes in antioxidant enzymes activities, MDA and H;O, contents in leaf and root of safflower
plants grown under different levels of watering treated by putrescine.

Water  Put APX CAT SOD POX MDA H,0,
supply (M)  (ynit mg? (unit mgt (unit mgt (unit mgt  (ugglFwW) WM gL FW)
protein) protein) protein) protein)

Leaf
0  7.48+0.005¢  0.310.019 2.01+0.26°  1.62+0.099 28.66+0.12¢ 37.46+0.12f
Iy 40  10.56+0.11° 0.39+0.02°¢ 2.61+0.03P 2.05+0.01¢ 19.86+0.10° 54.51+0.64°
60  7.11+0.09¢ 0.45+0.05¢ 2.09+0.32¢  1.78+0.129  12.20+0.78" 51.03+0.008¢
0  1356+0.51°  0.41+0.04° 2.55+0.22°  1.74+0.099 53.26+0.03% 113.91+0.072
Iy 40 6.89+0.794 0.90+0.06°  2.24+0.22P¢  2.42+0.087 31.37+0.87° 46.55+0.43¢
60  14.97+0.282  1.22+0.012  4.92+0.17%  4.61+0.13% 25.54+0.199 79.53+0.28P

Root
0 7.83+0.3086  0.14+0.009°  2.13+0.339  2.23+0.049 17.97+0.82P 85.03+0.10°
ly 40 8.96+0.274 0.27+0.11° 3.74+0.35°  4.30+0.37° 14.98+0.69° 40.49+1.20¢
60  21.36+0.392  0.093+0.02°  5.01+0.012  1.24+0.05° 19.02+0.19° 66.83+1.13°
0  11.08+0.01°  0.75+0.052  2.85+0.31°  6.36+0.31P 22.55+0.972 33.57+0.15°
I, 40 5.83+0.09"  0.11+0.002°  1.96+0.129  9.93+0.152 14.02+0.32°¢ 168.3+0.632
60  10.2240.10°  0.14+0.002°  3.17+0.19°  6.19+0.25° 9.69+0.799 66.66+0.87¢

The data represent the mean of three replications + SD.
Different letters indicate significant difference at p < 0.05.

I, I: 100% and 40% Field Capacity, respectively.
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Table 3: Total flavonoid, phenol and anthocyanin contents in leaf, shoot and root of safflower plant affected
by putrescine under different levels of watering

Water Put Total flavonoids Total phenols Total anthocyanins
supply (UM) (Mg EQglFW) (MgEGAgLlFW) (mg g1 DW)
Leaf Leaf Shoot

0 1.62+0.122 39.62+1.372 3.07+0.30°

I 40 1.23+0.07° 24.53+1.07° 1.39+0.01¢
60 0.70+0.11°¢ 12.37+0.744 1.68+0.334

0 1.53+0.102 24.31+1.81P 2.050.10°

l, 40 1.66+0.122 16.77+0.82¢ 4.03+0.022
60 0.54+0.15¢ 38.95+1.632 4.01+0.062

Root

0 0.14+0.034 1.28+0.17°¢ 0.23+0.01P

Iy 40 0.38+0.01°¢ 4.66+0.84° 0.24+0.008P
60 0.97+0.032 3.96+0.26 0.53+0.0032

0 0.58+0.02P° 1.21+0.634 0.16+0.001°¢

I, 40 0.21+0.044 4.64+0.440 0.17+0.03¢
60 0.39+0.10°¢ 6.53+0.582 0.06+0.034

The data represent the mean of three replications + SD.
Different letters indicate significant difference at p < 0.05.

l1, I: 100% and 40% Field Capacity, respectively.

Table 4: The effect of different rates of putrescine on soluble and insoluble sugars contents, proline, soluble

protein content, total free amino acids, in plant.

Water  Put Soluble sugars Insoluble sugars Proline Total soluble protein Total free amino acid
supply  (UM) (mgglDw) (mgglDw)  (ugglFw) (mg gt FW) (mg gt FW))
Shoot Leaf
0 27/17+1.459  3576x0.732 | 3.66+0.33%¢ 22.72+0.082 0.31+0.01¢
ly 40  20.81+0.84°  19.00+0.96% | 3.05+0.35¢ 13.63+0.11° 0.33+0.014
60 30.99+1.00°  29.99+1.94P 3.89+0.37P 11.64+0.124 0.52+0.002°
0  39.42+1.442  21.20+1.789 | 7.36+0.142 11.31+0.04° 0.74+0.012
ly 40 31.31+0.42°¢  28/78+0.51° | 4.09+0.41P 4.52+0.04" 0.42+0.002°
60 3252+1.15°  2559+0.61°¢ 2.84+0.43¢ 12.84+0.34¢ 0.34+0.02¢
Root
0  10.61+0.602 8.73+0.34¢ 1.56+0.084 12.77+0.092 0.39+0.01¢
ly 40  5.75+0.619 9.13+0.59°¢ 2.27+0.16° 7.25+0.08f 0.33+0.024
60  3.88+0.39¢ 13.35+0.39°  1.27+0.04¢ 8.36x0.01¢ 0.57+0.032
0  8.17+0.44 16.11+1.042  3.05+0.052 8.23+0.003¢ 0.28+0.01¢
Iy 40  6.36+0.05% 7.51+0.764 2.48+0.04P 9.91+0.04° 0.33+0.024
60  6.82+0.34 8.66+0.45¢ 2.45+0.005P 10.38+0.09P 0.34+0.0.34

The data represent the mean of three replications + SD.
Different letters indicate significant difference at p < 0.05.

1, I2: 100% and 40% Field Capacity, respectively.
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DISCUSSION

Drought stress had negative effect on growth of
safflower plants. Decreasing growth parameters, RWC
and photosynthetic pigment contents under drought

stress could be due to stomata closuring and decreasing

Co, diffusion into leaves that can lead to lower

chlorophyll levels and photosynthesis, induction of
oxidative stress and finally lower growth rate in plants
(Krouma et al. 2015; Saruhan et al. 2012). Improving tap
root length is an important functional trait for survival
under water limitation. Increasing studied growth
parameters, RWC and photosynthetic pigments contents
with putrescine spraying can be related to antioxidative
property of putrescine as well as its role as osmolyte
under water deficit. This finding is similar to those of
Nazarli et al. (2015) who suggested that putrescine
alleviate the negative effects of water deficit and
improves growth in Matricaria chamomilla. Enhancing
fresh weight of leaves and roots in non-stressed plants
with putrescine application probably was attributed to

above mentioned roles of this polyamine.

Plants can use enzymatic and non-enzymatic
mechanisms for ROS scavenging in order to alleviation
of oxidative stress damage under stress condition
(Salehi-lisar & Bakhshayeshan-Agdam 2016). Zhou et
al. (2015) put forth that increasing antioxidant enzyme
activity cause to enhance resistance to drought stress in
white clover. Increasing APX, CAT, SOD and POX
activities in leaves SOD and POX activities in roots with
60 uM putrescine indicated that safflower use these

enzymes for protecting against destructive effects of
H,0, and membrane damages. Numerous studies have
demonstrated that polyamines application improves
CAT, SOD and POX activities (Li et al. 2015; Zhou et al.
2015; Hanafy Ahmed et al. 2017). Generally,
polyamines can activate antioxidant enzymes and
modulate ROS homeostasis and oxidative damage by
inhibiting accumulation of H,O, (Singh-Gill & Tuteja
2010).

Increasing flavonoid and anthocyanin contents under

water limitation in safflower leaves with antioxidative

activity mitigate accumulation of reactive oxygen species
and enhance drought tolerance in plants. Enhancing
total phenol and anthocyanin contents under water
deficit in leaves with 60 uM putrescine suggest that this
polyamine stimulate non-enzymatic antioxidant defense
system in safflower under water shortage. Anthocyanins

can counteract with enhanced values of ROS such as

H,0, (Zamani et al. 2013). In the present study,
enhancing MDA, H, O, contents and electrolyte leakage

under water deficit may be due to ROS accumulation
and lipid peroxidation. MDA content is the biological
marker for lipid peroxidation that is usually used for
description of plants sensitivity to oxidative stress (Li et
al. 2014). The most common effect of drought stress in

plants is H,0, generation and excess H,0,

accumulation can result in oxidative stress in plants
(Zhou et al. 2017). Higher tolerance of plants to drought
stress by polyamines could be due to interaction

between H,0, and cytosolic Ca?* in order to antioxidant

systems regulations. Increasing cytosolic Ca2* under

water deficit via activating plasma membrane NADPH-

oxidase produces ROS such as H,0,. Polyamines can

control H,O, generation by Ca?* level regulation (Zhou

et al. 2017). Drought stress can damage to plasma
membrane and increase its permeability and finally lead
to electrolytes leakage into the outside of the cells
(Amooaghaie & Moghym 2011). Diminishing the levels

of lipid peroxidation, EL, and H,0, content under water

shortage by exogenously application of putrescine could
be the result of reducing in the destructive effects of
water deficit via ROS scavenging and protection of

membranes and photosynthetic system (Li et al. 2015).

Plants produce high levels of osmolytes for
increasing resistance to drought (Mohammadi et al.
2016). Increasing soluble sugars in stressed plants
could be attributed to enhancing invertase and amylase
activities and reducing consumption of soluble sugars.
Proline is well-known compatible osmolyte (Salehi-lisar
& Bakhshayeshan-Agdam 2016) and also it can protect
membrane from damage by ROS (Razavizadeh et al.
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2017). Enhancing proline under water deficit could be
the result of increasing pyrroline-5-carboxylate synthase
(P5C5) activity. Mohammadi et al. (2016) reported that
proline and soluble sugars increase under water deficit
in safflower. Decreasing proline in leaves and roots of
plants treated with putrescine under drought stress
could be due to enhancing chlorophyll synthesis, since
both chlorophyll and proline are synthesized from same
precursor (glutamate) (Mohammadi et al. 2016). In
addition, putrescine can act as osmoticum as well as
scavenger of ROS (two main functions of proline) and
mitigated harmful effects of the stress (Hanafy Ahmed et
al. 2017).

Reducing leaves protein contents in water limitation
could be associated with protein degradation by
protease which reported previously by Mohammadi et al.
(2016). Proteins accumulation in leaves and roots of
stressed-plants treated by putrescine have likely role in
osmotic regulation. Improving proteins might be due to
de novo synthesis in response to the stress (Saruhan et
al. 2012).
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