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This research was done as a factorial experiment with 5 replications was carried out. The
seeds were primed using putrescine at concentrations of 0 (hydropriming), 0.5, and 1 mM, and
control were used as control. Salinity treatment was applied under normal, low, moderate and
severe (0, 50, 100, and 150 mM NaCl, respectively) salinity stress. According to the findings,
increasing salinity levels reduced germination percentage, (GP), germination rate, (GR),
coefficient of velocity of germination, (CVG), seed weight vigour index, (SWVI), by 29, 66,
53 and 25%, respectively and seedling fresh weight, seedling dry weight, roots length and
shoot length by 37, 14, 72 and 61%, respectively, while increasing mean germination time
(MGT), percentage of dry matter, total soluble sugar (TSS), reactive oxygen species (ROS)
and malondialdehyde (MDA) by 112, 53, 57,16 and 182%, respectively. When seeds were
primed using putrescine reduced the effects of oxidative stress by reducing ROS and MDA
levels by 11 and 47%, respectively compared to control and improved the GP, GR, CVG,
SWVI, root length and shoot length by 31, 81, 67, 36, 27, 19%, and decreased MGT by 40%.
Although seed priming using 1 mM putrescine was effective in some parameters, there was no
significant difference when compared to 0.5 mM putrescine. As a result, seed priming indigo
using 0.5 mM putrescine with increasing dry matter by 73% appears to be more practical and
economical in terms of mitigating the negative effects of salinity stress.

INTRODUCTION

Salinity stress is an important abiotic stress that
affects plant physiology and reduces agricultural
plant growth and performance. From the germination
stage to seed production, salinity affects all major
processes such as growth, photosynthesis, protein
biosynthesis, fat metabolism, and plant energy [1].
Salinity stress following drought stress is one of the
most significant barriers to the production of
medicinal plants in many areas, particularly dry
areas. The highest level of salinity sensitivity in the
plant life cycle has been observed during germination
and the early stages of seed development [2].

Priming is a simple technology that hydrates seeds to
the point where germination metabolic activity

begins but no radicle emergence occurs [3]. Priming
promotes germination and increases seed vigour by
inducing various metabolic changes in the seed,
resulting in rapid and uniform emergence and the
establishment of a strong seed mass [4]. Furthermore,
seed priming reduces abiotic stresses in plants by
regulating antioxidant enzyme activity, ion balance,
and photosynthetic characteristics [5]. Seed priming
is a method that prepares the seed physiologically
and biochemically for germination before placing it
in the culture medium. This method causes
physiological and biological changes in the seeds and
seedlings produced, which improves the germination
and seedling establishment in the cultivation
environment [6].
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Polyamines are important polycations with low
molecular weight that produce defense responses in
response to environmental stress. Polyamines’
polycations properties allow them to react with
proteins, phospholipids, and cell wall structures at
physiological pH, which makes these molecules
stable in plants [7]. Polyamines like putrescine,
spermidine, and spermine are used in seed priming to
increase the seedling resistance to environmental
stresses such as salinity and drought [7]. Putrescine is
an important factor in increasing salt stress
resistance. Adding putrescine to plants under salinity
stress prevents the destruction of macromolecules
and lipid peroxidation and increasing glutathione and
carotenoids, which play an antioxidant role in the
plant [7].

Indigo plants (Indigofera tinctoria L.), belongs to the
Fabaceae family, are famous for indigo dye, which is
obtained from leaflets and branches of and is
extracted through a fermentation process, and use as
the natural blue colors and the coloring agent for
traditional textiles and is widely distributed in
tropical and subtropical areas [8]. The indigo plant is
relatively sensitive to soil and water salinity in its
early stages of development, if it can grow in this
stage, it can tolerate moderate salinities [7].

The current study was designed to determine the
effectiveness of putrescine in reducing the negative
effects of salinity stress on indigo seed germination
indices and biochemical responses of seedling.

MATERIALS AND METHODS

This experiment was done in 2022 at Jiroft
University’s Faculty of Agriculture. A completely
randomized design was used based on a factorial
experiment, which included three replications.
Salinity levels of 0, 50, 100, and 150 mM sodium
chloride were used. Putrescine (1,4 Diaminobutane)
(Merck) was used to pre-treat the seeds at
concentrations of 0 (hydropriming), 0.5, and 1 mM,
and unprimed seeds was used as control group. The
seeds were prepared of the Roudbar ecotype. The
seeds were disinfected using ethanol (70% for 10
seconds) and then sodium hypochlorite solution
(70% for five minutes), followed by several washes
times using distilled water. After that, they were
primed for 4 hours at 25°C using three times the
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volume of the desired solutions (specified
concentrations of putrescine), and after the pre-
treatment period, the excess solution was discarded
and after 5 times of washing by benomyl at 3000
ppm fungicide solution, 50 seeds were transferred to
sterile petri dishes containing filter paper, and the
seeds in each petri dish were treated using 2 mL of
the NacCl solution (0, 50, 100 and 150 mM) and were
transferred to the germinator that had been set 16/8h,
light/darkness photoperiod and 30/25°C day/night
temperatures and 75% relative humidity. The
germinated seeds were counted after 24 hours, (seeds
whose radicle length was 2mm or more were
considered germinated seeds). The counting of
germinated seeds was continued daily until there was
no change in the number of germinated seeds three
days after the last count, at which point the
experiment was considered over. During the seed
counting period, the petri dishes were checked for
infection and humidity, and the petri dishes using low
humidity were treated using relative salinity to
achieve the desired humidity. The characteristics of
seed germination were evaluated at the end of the
experiment.

Measurement Seed Germination Responses

Germination Percentage (GP)

The germination percentage was calculated using the
following equation.

PG= (NiN) x100

Where PG is the percentage of germination, Ni is the
number of germinated seeds on the last day of
counting and N is the total number of seeds [9].

Coefficient of Velocity of Germination (CVG)
It shows the germination speed. Its value increases
when the number of germinated seeds increases and
the time required for germination decreases. The
CVG was calculated from the following equation:
CVG = (G1+G2...+Gn)/ ((1xG1) + (2xG2) +...(nxGn))
Where G1-Gn is the number of germinated seeds
from the beginning to the end of the test [10].

Mean Germination Time (MGT)
It is an indicator of the speed and acceleration of
germination and it calculates the mean time of
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germination. The mean germination time was
calculated using the following equation [11]:

MGT = (X (nd))/ (Zn)

Where n: number of germinated seeds during d days,
d: number of days, and }n: total number of
germinated seeds

Seed Weight Vigour Index (SWVI)

Using the data of seedling dry weight and seed
germination percentage, the seedling weight index
was calculated using the following equation [7].
SWVI = dry weight of seedling x germination ability
Measurement of Growth
Parameters

Five seedlings were chosen at random from each
petri dish, and the root length and shoot length was
measured using a digital caliper. Twenty seedlings
from each petri dish were weighed using a digital
scale to determine their fresh weight (accuracy of
0.0001). Their dry weight was also determined after
24 hours in a 40 °C oven [7].

Seedlings

Measurement of Seedling's Biochemical
Parameters

Measurement of Total Sugar Content

To determine the amount of total sugar, 0.02 g of leaf
sample was ground in a Chinese mortar mixed using
2 mL of double distilled water and kept in a bain-
marie at 100 °C for 20 minutes before being
centrifuged at 8000 rpm for 15 minutes. The optical
absorption of the samples was measured at a
wavelength of 315 nm after 1900 uL of concentrated
sulfuric acid was added to 100 uL of the extract. The
standard curve was created using glucose. Each
sample’s total sugar content was calculated and
reported in g/fw [12].

ROS (Reactive
Measurement

To measure ROS, 0.02g of leaf tissue was completely
ground in a porcelain mortar on ice, then 2 mL of
sodium phosphate buffer (50 mM, pH = 7.4) was
added, and resulting homogeneous solution was
poured into a micro tube and then centrifuged for 20
min at a 10000 rpm, at 4 °C. The optical absorption
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of the resulting solution was measured at 560 nm
after, 900 pL of fresh acidic orange xylenol reagent
was added to 100 uL of the extract. Using different
concentrations of 30% H,0O, a standard curve was
drawn, and the results were calculated to pmol/g fw

[7].

MDA (Malondialdehyde) Assay

To determine the content of MDA, which is known
as a breakdown product of lipid peroxidation, (MDA-
TCA) was used, 0.02 g of leaf tissue was rubbed 0 in
2 mL of trichloroacetic acid (TCA) 1% on an ice
bath. The extract was centrifuged at 10,000 rpm for
20 min at 4 °C. 500 uL of supernatant was added to
500 puL of TCA-TBA (20% trichloroacetic acid and
0.5% thiobarbituric acid). The mixture was heated at
100 °C for 15 minutes in a hot bath and then cooled
in an ice bath. Absorbance was recorded at
wavelengths 532 and 600 nm. The extinction
coefficient for calculating the MDA concentration
was equal to 0.155 mMcm™ and the values were
calculated and presented in terms of wet weight [13].

Data Analysis

Following data normalization, SAS software (9.4)
was used to analyze data variance and compare
averages using Duncan's multiple range test, and
graphs were created using EXCEL software.

RESULTS AND DISCUSSION

Germination Responses

Salinity, seed priming, and their interaction all had a
significant effect on germination percentage (GP),
coefficient of wvelocity of germination (CVG),
germination rate (GR), mean germination time
(MGT), and seed weight vigour index (SWVI) (Table
1). Changes in GP have long been recognized as an
important indicator of germination under stress
conditions. GP reduced by 29% under severe salinity
stress (150 mM) compared to normal conditions.
Under severe salinity stress, seed priming using 0.5
and 1 mM putrescine increased GP by 25 and 31%,
respectively (Table 2). According to Zeid [14] as
salinity increased, GP decreased in Phaseolus
vulgaris, and seed priming using putrescine increased
GP under normal and salinity conditions, which may
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be due to the activation of amylase and protease
enzymes during germination period. Aslani et al. [15]
discovered that applying spermidine on cucumber
cultivars under salinity stress increased GP. CVG,
GR, and MGT decreased in proportion to the increase
in salinity concentration. When compared to the
control, seed priming using 0, 0.5 and 1 mM
putrescine increased CVG, and GR. Salinity levels of
50, 100, and 150 mM reduced CVG by 39, 43, and
53%, and GR by 42, 48, and 66%, respectively, when
compared to normal conditions (Table 2). Seed
priming using 0.5 mM putrescine under low,
moderate, and severe salinity stresses, increased
CVG by 61, 50 and 42% and GR by 81, 81 and 71%,
and seed priming using 1 mM putrescine increased
CVG by 67, 52 and 39%, and GR by 77, 81 and
105% compared to control, respectively. Seed
priming can increase GP, germination rate, and
uniformity by activating some enzymes in the seeds,
making it easier to access nutrients during the
germination phase. Primed seeds germinate faster
and more tolerant stress conditions. Elkaco [16]
found that GR increased by 10, 50, and 90% in
primed seeds. Hossinifarahi et al. [17] reported that
seed priming using putrescine increased GR by 20
and by 47% in two cucumber cultivars, respectively,
when compared to the control. Seed priming using O,
0.5, and 1 mM putrescine decreased MGT compared
to the control. Salinity levels of 50, 100, and 150 mM
significantly increased MGT by 65, 77, and 112%,
respectively, compared to normal conditions (Table
2). Seed priming using 0.5 and 1 mM putrescine
significantly reduced MGT by 38 and 40% under
low, by 33% and 34%, under moderate, and by 29
and 28% under severe salinity, respectively,
compared to the control (Table 2). Drought stress is
caused by salinity because it reduces seed water
absorption, and research showed that germination
take longer in drought-stressed rape seeds and wheat
seeds. SWVI decreased by 25% under severe salinity
stress, compared to normal conditions. Under low,
moderate, and severe salinity stresses, seeds priming
using 1 mM putrescine increased SWVI by 18, 16,
and 36%, respectively, compared to control (Table
2). Among the other compounds used in eggplant and
sweet pepper, Hossinifarahi et al. [17] found that
putrescine-primed seeds had the most effect on GP
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and root growth. Acceleration of the germination
processes and faster emergence of seedlings from
primed seeds compared to non-primed seeds are two
of the most important reasons for the increase in seed
germination. Among the most important reasons for
the improvement of the primed seeds compared to
non-primed seeds, are faster DNA repair, RNA
production, enzyme activation, cell expansion,
protein biosynthesis, removal of active oxygen
radicals, and further progress in the germination
stages [18].

Morphological Responses of Seedling

Root Length and Shoot Length

Salinity levels, seed priming, and their interaction all
had a significant effect on the root length and shoot
length (Table 1). In proportion to the increase in
salinity concentration, the root length and shoot
length, decreased. Salinity levels of 50, 100, and 150
mM reduced root length by 52, 54, and 72% and
shoot length by 25, 34 and 61%, respectively, when
compared to normal conditions (Table 3). Under
normal conditions, concentrations 0 (hydropriming),
0.5, and 1 mM of putrescine increased root length by
45, 27 and 22% and shoot length by 12, 14 and 19%
compared to control, respectively. Under low salinity
stress, concentrations 0, 0.5, and 1 mM of putrescine
increased root length by 25, 33 and 24%,
respectively, compared to the control and did not
have a significant effect on the shoot length. Under
moderate salinity stress, seed priming not only did
not have a significant positive effect on the root
length and shoot length compared to control, but also
decrease them. Under severe salinity stress, the
hydroprimed seeds increased the root length and
shoot length by 24 and 16%, respectively, compared
to control, but primed seeds using 0.5 and 1 mM
putrescine did not show a significant positive effect
on them compared to control. Roots and shoots are
the first organs that are negatively affected by
salinity stress [7]. The general trend of plants, when
faced with salt stress, is to reduce the length of roots
and shoots [3,19,20]. The decrease in root growth
under salinity stress can be due to the toxicity of
sodium and chlorine ions and the imbalance in the
absorption of nutrients and the decrease in water
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absorption [21]. The increase in growth caused by
putrescine priming under normal and stress
conditions caused by sodium chloride may be due to
the activation of amylase and protease during
germination [14]. The reports showed polyamines
play a role in plant defense against environmental
stresses. The use of putrescine in wheat has been able
to reduce plant growth inhibition under drought stress
conditions and improve grain yield [22].

Fresh and Dry Weight and Percentage of Dry
Matter of Seedlings

Salinity levels, seed priming, and their interaction
significantly affected fresh and dry weight and
percentage of dry matter of seedlings (Table 1). The
fresh weight of seedlings increased by 19% under
low salinity stress compared to the control, while
under severe salinity stress decreased by 37%. The
dry weight of seedlings under low, moderate and
severe salinity stress, increased by 9, 14 and 5%
compared to control, respectively, in control (Table
3). Concentrations 0 (hydropriming), 0.5 and 1 mM
of putrescine increased the fresh weight of seedlings
under low salinity conditions by 9, 24 and 21%, and
under severe salinity stress by 67, 38 and 24%
compared to control, respectively (Table 3). Under
low and moderate salinity stress, the seed priming
using 1 mM putrescine increased the dry weight of
seedlings by 8 and 14% compared to control,
respectively. Under moderate and severe salinity
stress, increased the dry matter percentage of
seedlings by 40 and 53% compared to normal
conditions. Under normal conditions, seed priming
using 1 mM putrescine increased dry matter of
seedling by 16% compared to control. In addition,
the seed priming using 0.5 and 1 mM putrescine
increased the dry matter under low salinity stress by
33 and 73% and under moderate salinity stress by 11
and 22% compared to control. In addition, under
severe salinity stress, seed priming using 0.5 mM
putrescine increased dry matter of seedling by 9%
compared to control (Table 3). One desirable features
for evaluating the effect of salinity stress on plant
seedlings is to determine the fresh and dry weight of
the plant. The general trend in salinity-stressed
seedlings is a loss of fresh and dry weight [19-20].
According to our findings, under severe salinity
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stress, the fresh weight of the seedlings under control
decreased significantly compared to normal
conditions, whereas under low salinity stress, the
fresh weight of these seedlings did not decrease, but
also increased significantly, which indicates that this
plant is interested in the salinity level of 50 mM.
Salinity stress significantly reduces photosynthetic
pigments in  chloroplasts,  which  reduces
photosynthetic efficiency and causes a serious
decrease in final productivity [23,24]. In the salinity
stress of 150 mM, the fresh weight of seedlings using
0, 0.5 and 1 mM putrescine increased significantly.
This finding is consistent with previous findings that
seed priming of medicinal pumpkin seeds [19] and
wheat [22] using putrescine increases plant growth
by increasing the fresh weight of roots, shoot and
seedling dry matter percentage under stress
conditions. Plant growth caused by the use of
external putrescine in saline conditions can reduce
the accumulation of sodium ions in the root, increase
putrescine and grafted polyamine

biosynthesis, and thus plant growth, as reported in a
salt-sensitive rice variety [25].

Biochemical Responses

Total soluble sugars, ROS, and MDA contents were
affected by salinity levels, seed priming, and their
interaction (Table 4). The salinity increased total
soluble sugars, ROS, MDA. Under the low,
moderate, and severe salinity stresses, the amount of
total soluble sugar increased by 22, 57, and 39%,
respectively, compared to the normal conditions
(Table 4). Plants respond to salinity stress by
increasing the content of organic solutes such as
sugars and amino acids for osmotic regulation [14].
Plants that are exposed to salinity accumulate sugar
in their tissues due to osmosis regulation, osmosis
protection, and carbon storage. As a result of the
increase in sugar using increasing salinity levels,
indigo is most likely a salinity-tolerant plant. Under
low salinity stress, seed priming using all
concentrations of putrescine reduced the amount of
total soluble sugar by 7%, and under moderate
salinity stress, seed priming using 0.5 mM putrescine
reduced the soluble sugar by 6% compared to
control.
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Table 1 Variance analysis of salinity effect, seed priming using putrescine and their interaction on seed germination indices and morphobiochemical parameters of seedling
in indigo plants

Sources of variation Degrees freedom GP CVG GR MGT SWVI Root length  Shoot length
Salinity (S) 3 635.64 ** 0.246 ** 840.11 ** 1.82 ** 4.49 ** 420.73 ** 905.68 **
Putrescine (P) 3 224.08 ** 0.094 ** 413.71 ** 0.92 ** 2.81** 11.38 ** 3.45 **
SxP 9 39.46 ** 0.01 ** 38.07* 0.11** 0.62* 4,95 ** 13.92 **
Error 30 9.64 0.003 3.15 0.011 0.21 0.23 0.46

CV. - 3.73 7.84 5.70 6.46 6.74 5.23 3.56
Sources of variation Degrees freedom Seedling FW Seedling DW Dry matter Total sugar ROS MDA

Salinity (S) 3 0.0508 ** 0.0002 ** 77.95 ** 0.022 ** 354.93*  0.500 **

Putrescine (P) 3 0.0196 ** 0.0001 ns 36.84 ** 0.003 ** 59.17ns  0.552 **

SxP 9 0.0193 ** 0.00006 * 10.28 ** 0.005 ** 420.33** 0.874 **

Error 30 0.0013 0.00002 0.77 0.0012 82.697 0.0231

C.V. - 5.70 5.80 5.74 11.28 571 12.27

ns, * and **, non-significant and significant at 5% and 1% level of probability.

Table 2 Effect of seed priming of indigo plants using putrescine on seed germination indices under salinity stress conditions

Treatments Seed germination indices
- Putrescine (P) GP

Salinity (S) (mM) (%) CVG GR MGT (day) SWVI
Control (unprimed) 85.33 bcd 0.80 ab 37.61 bc 1.24 hi 6.51 cd

Control 0 mM (hydropriming) 86.00 bc 0.73 be 35.28 cd 1.38 fgh 6.53 cd
0.5 mM 92.67 a 0.85a 4290 a 1.19 hi 7.17 bc
1mM 92.67 a 0.85a 42.89a 1.17i 7.20 bc
Control (unprimed) 82.00 cde 0.49 fg 21.86f 2.05 cd 6.84 cd
0 mM (hydropriming) 84.67 be 0.77 ad 36.50 bcd 1.31 ghi 6.66 cd

Low (50 mM) 0.5 mM 89.33 ab 0.79 abc 39.63 b 1.28 ghi 7.06 cd
1mM 85.33 bcd 0.82 a 38.78 b 1.23 hi 8.08 a
Control (unprimed) 80.00 def 0.46 fgh 19.43 fg 2.19 bc 6.99 cd
0 mM (hydropriming) 90.67 ab 0.65e 33.68d 155f 7.92 ab

Moderate (100 mM) 0.5 mM 88.00 ab 0.69 de 35.17 cd 1.46 fg 6.90 cd
1mM 85.33 bcd 0.70 cde 35.16 cd 1.45fg 8.04 a
Control (unprimed) 60.67 g 0.3 8h 12.88 h 2.63a 4.87¢
0 mM (hydropriming) 74.67 f 0.44 gh 18.02 g 2.26 b 6.17d

Severe (150 mM) 0.5 mM 76.00 f 0.54 f 22.00 f 1.86e 6.51 cd
1mM 79.33 def 0.53 fg 26.43 e 1.89 de 6.62 cd

Different letters within the same columns indicate significant differences according to Duncan's multiple range test. GP, germination percent. CVG, coefficient of velocity of germination. GR,
germination rate. MGT, mean germination time. SWVI, seed weight vigour index.
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Table 3 Effect of seeds priming of indigo plants using putrescine concentrations on morphological responses of seedlings
under salinity stress conditions

Treatments Morphological responses of seedlings
. . Root length  Shoot Seedling Seedling Dry
Salinity (S) Putrescine (P) (mM) (mm) length (mm) FW (g) DW (g) matter (96)
Control (unprimed) 14.45¢ 27.55¢ 0.67 bed 0.0763 e 11.80h
Control 0 mM (hydropriming)  21.01a 30.88b 0.66 cde  0.0760 e 12.04 h
0.5mM 18.33b 31.49b 0.70 bc 0.0773 de 11.98 h
1mM 17.61b 32.84a 0.61def 0.0777 de 13.66 g
Control (unprimed) 6.99¢ 20.65d 0.80 a 0.0833 bcde 10.78 h
Low 0 mM (hydropriming)  8.75d 20.33d 0.73b 0.0786 cde 11.71h
(50 mM) 0.5mM 9.33d 20.69d 0.61def  0.0790 bcde 14.39 fg
1 mM 8.66 d 20.08d 0.63def  0.0946 a 18.63 abc
Control (unprimed) 6.62 ¢ 18.28 ¢ 0.65 cde 0.0873 abc 16.47 ¢
Moderate 0 mM (hydropriming)  6.75e 14.56 f 0.59efg  0.0876 ab 15.45 ef
(100 mMm) 0.5mM 6.21 ef 14.62 f 0.53gh 0.0783 de 18.32 bc
1mM 5.69 fg 11.42 gh 0.54 gh 0.0943 a 20.04 a
Control (unprimed) 4111 10.77h 0.42i 0.0803 bcde 18.11cd
Severe 0 mM (hydropriming)  5.08 gh 1254 g 0.70 bc 0.0826 bcde 14.33 fg
(150 mMm) 0.5mM 4.21 hi 10.30 h 0.58 fg 0.0856 bcd 19.78 ab
1 mM 4.83 hig 9.06 ] 0.52h 0.083 bcde 16.72 de

Different letters within the same columns indicate significant differences according to Duncan's multiple range test. FW, fresh weight. DW,
dry weight.

Table 4 Effect of seed priming of indigo plants using putrescine concentrations on biochemical responses of seedlings under
the salinity stress conditions

Treatments Biochemical responses of seedlings
- . Total sugar ROS MDA
Salinity (S) Putrescine (P) (mM) (mglg FW) (umol/g FW) (umol/g FW)
Control (unprimed) 0.23¢e 143.10 f 0.71h
Control 0 mM (hydropriming) 0.38a 171.86 ab 1.27 efg
0.5mM 0.30 bcd 157.00 f 1.93 bc
1mM 0.23e 164.06 ae 1.49 de
Control (unprimed) 0.28 cde 165.56 ad 2.07b
Low 0 mM (hydropriming) 0.26 de 151.06 f 1.67cd
(50 mM) 0.5mM 0.26 de 147.38 f 0.96 gh
1mM 0.26 de 156.28 f 1.21 efg
Control (unprimed) 0.36 ab 162.10 f 1.30 ef
Moderate 0 mM (hydropriming) 0.32 a-d 148.74 f 1.34 ef
(100 mm) 0.5 mM 0.34 abc 170.53 ab 1.04 fg
1 mM 0.36 ab 143.88 f 1.41 de
Control (unprimed) 0.32 a-d 165.95 ad 2.00b
Severe 0 mM (hydropriming) 0.36 ab 178.69 a 2.65a
(150 mM) 0.5mM 0.36 ab 156.99 a 1.06 fg
1mM 0.37 ab 167.03 abc 1.25 efg

Different letters within the same columns indicate significant differences according to Duncan's multiple range test. ROS, reactive oxygen
species and MDA, malondialdehyde
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Under severe salinity stress, seed priming using 0.5
and 1 mM putrescine increased soluble sugars
content by 16 and 18%, respectively. Stress causes an
increase in metabolites related to adaptation, such as
soluble sugars, in order to regulate osmosis and
prevent the leaf’s relative water content from
decreasing [26]. The destruction and hydrolysis of
larger molecules such as starch and their conversion
into sugar compounds such as sucrose and then
smaller molecules such as glucose and fructose as a
result of salinity and drought stress cause the water
potential in the cell membrane to become negative,
and regulate osmosis [27]. Salinity stress affects the
carbohydrates synthesis during photosynthesis as
well as the transfer and use of these compounds in
plant tissues and increases carbohydrate synthesis
[28]. Accumulation of sugars under salt stress
conditions is an adaptive mechanism that can
improve salt tolerance in plants [29]. Despite the
decrease in chlorophyll at salinity levels due to
increased sugar, our findings suggest that indigo is
likely a salinity-tolerant plant. According to some
researchers [26,29], sugar accumulation under salt
stress conditions is an adaptation mechanism that can
improve salt tolerance in plants.

ROS increased by 16, 13, and 16%, under the low,
moderate, and severe salinity stresses, respectively,
compared to normal conditions (Table 4). Seed
priming using 0.5 mM putrescine reduced ROS by 11
and 6% under the low and severe salinity stress,
respectively and seed priming using 1 mM putrescine
decreased ROS by 11% under the moderate salinity
stresses, compared to control. Salinity stress causes
the stomata to close, preventing carbon dioxide
(CO2) from entering the leaves. This inhibits CO2
fixation and allows the chloroplast to stimulate
extremely high levels of energy which increase ROS
[30,31]. Reactive oxygen species (ROS) play a
central role in the regulation of dormancy,
germination, and seed decay [32,33]. Salinity stress
through ROS damages the main molecules such as
lipids, proteins and nucleic acids, enzymes, and DNA
to molecular and cellular components [34]. Salinity
levels of 50, 100, and 150 mM increased MDA by
192, 83, and 182%, respectively, when compared to
normal conditions (Table 4). Seed priming using 0.5
mM putrescine decreased MDA by 54, 20, and 47%,

respectively, under, low moderate and severe salinity
stress when compared to control. Under salinity
stress, an increase in ROS content causes
peroxidation of lipid membranes and an increases in
MDA [35]. Previous research also found that salinity
stress (100 mM NaCl) increased the amount of MDA
by 35 and 68% in wheat after 5 and 10 days of stress
exposure [36]. Putrescine not only aids in growth and
development, but also helps to tolerance of various
abiotic stresses such as salinity, drought, high
temperature, and cold. The main described
mechanisms are related to free radical’s inhibition,
ABA regulation, lipid peroxidation prevention,
cellular pH and ion balance maintenance, and cation
channel regulation [37].

CONCLUSION

Today, the use of different substances such as amino
acids can overcome the negative effects of salinity
stress in plants. In this study, with increasing salinity
levels, decreased the indices of seed germination and
seedling growth, while increased total soluble sugars,
ROS, and MDA. The seeds priming using putrescine
0.5 mM under saline conditions improved seed
germination and seedling growth and had a reducing
effect on the amount of MDA and ROS, improving
seedlings biochemical status against oxidative stress.
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