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Article History: Salinity stress is one of the important factors affecting all growth processes, from seed germination
Received:; 24.11.2021 to seedling development, plant growth, yield and quality. In this study, the effects of serotonin
Accepted: 13.12.2021 treatments on the germination of pepper seeds ( Capsicum annum L.) under salt stress were

Available Online: 14.12.2021 investigated. Di fferent doses of salt (0, 75 and
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Germination di shes, watered with the prepared salt sol uti ons:s
Pepper parameters related to germination percentage, germination speed, mean germination time, daily

Salt mean germination time, peak v alue and germination value were investigated. As a result of the
Serotonin research, it was determined that the germination of pepper seeds decreased in parallel with

Stress increasing salt concentrations, and this negative effect of salt stress decreased with serotonin

applications. Although it changes depending on the serotonin doses, it has been observed that
significant effects occur on the measured germination parameters, and the best germination was

observed at S1 and S2 doses. It is thought that the application of se rotonin will have positive effects
on the germination of pepper seeds under salt stress, and these effects may also occur during the
plant growth period .
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Introduction With these effects, salinity can cause deterioration of plant

metabolism and death of the plant.
Plants are exposed to numerous stresses from seed

germination to their entire life cycle. Salinity, which is one of
these factors, affects all processes including seed germination,
root, leaf, fruit and seed formation etc.

Many researchers have done research on the effects of
salinity stress on different plants, and it has been tried to
determine the tolera nce levels of plants to salt stress and ways
to increase their tolerance. However, in recent studies, it has
been focused on that some substances applied to plants can
alleviate the damage caused by salt stress on the plant. The
use of exogenoushormones to increase plant stress tolerance
is one of these applications.

Salinity causes various morphological, physiological and
biochemical reactions in plants by showing osmotic and ionic
effects on plants. High salt co ncentration causes a decrease in
the water potential in the soil and a decrease in the absorption
of water by the plant roots. With the osmotic effect of salinity,

water deficiency occurs and causes a decrease in water
potential and turgor, fading, stomata | closure and decreased
cell growth (Parihar et al., 2015; Ibrahimova et al., 2021). The
ionic effect of salinity, on the other hand, changes the K */Na*
ratio in plant cells, causing an increase in Na * concentrations
and disruption of cellular homeostasis (James et al., 2 011).
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Serotonin (5-hydroxytryptamine; 5 -HT) is an indoleamine
(derived from tryptophan) with a strong antioxidant function,
and it was first identified as a neurotransmitter signaling
molecule in mammals and later determined to be present in
all living things. Different amounts of serotonin accumulate in
different parts of plants such as roots, stems, leaves, fruits and
seeds (Abbasi et al., 2020; Roychoudhury, 2021). Serotonin is
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involved in all vital activities in plants, affects plant growth
and development, and also responds to biotic and abiotic stress
in the plant (Erland et al., 2016; Roychoudhury, 2021).
Serotonin, as a plant growth regulator and a stress defense
molecule, affects pl ant morphogenesis, vegetative growth,
reproduction, seed germination and ensures survival in abiotic
and biotic stress conditions (Erland & Saxena, 2017).

The biosynthesis of serotonin in the plant takes place in the
chloroplasts and mitochondria of vario us tissues, where highly
reactive oxygen species (ROS) are produced in the tissue. With
the antioxidative effect of serotonin, it detoxifies the ROS in
the organelles and ensures better development
(Roychoudhury, 2021).

The effects of serotonin in increasi ng tolerance or reducing
the damage level against various abiotic stresses in plants have
been determined in some plant species. In the studies, it was
determined that the effect of serotonin in plants is important
in the case of salt stress in sunflower (Mukherjee et al., 2014)
and rapeseed (Liu et al., 2021), cold stress in rapeseed (He et
al., 2021), and heat stress in soybean (Kumar et al ., 2021).
Exogenous application of Bra8sk®
napus L. under salt stress alleviated the growth inhibition
caused by salinity, increased the fresh and dry weights of roots
and shoots, and activated the enzyme system (Liu et al.,
2021). It has been determined that salinity prevents oxidative
damage in the integrity of chlorophyll and cell membrane in
the plant, with the application of serotonin, clearing the
reactive oxygen species and osmotic pressure regulation, thus
promoting growth (Liu et al., 2021). There are findings that
serotonin application could alleviate the effects of salt stress
on plants (Mukherjee et al., 2014; Liu et al., 2021). However
it is not known exactly what the effect of serotonin application
is on alleviating the damage of salt stress in pepper. For this
reason, the effects of serotonin application on the germination
of pepper seeds under salt stress were investigated in this
study.

Materials and Methods

Pepper (Capsicum annuumL. cv. Yalova) seeds were used
as plant material in the study. Firstly, the seeds were kept in
3% sodium hypochlorite for 5 minutes for surface disinfec tion
and then washed several times with distilled water. Surface
disinfected seeds were kept in solutions of different serotonin
(Sigma, CAS: 15398-0) doses (SO: 0 i M,

were washed with distilled water and left to dry, and then
placed between the paper in the petri dish. The seeds sown in
petri dishes were irrigated with 10 ml solutions with different
salt levels (10: 0, I1: 75 and 12: 150 mM NaCl). The sown seeds
wereleftto ger mi nate at 25 AC. The
replications for each application and 50 seeds in each
replication according to ISTA (1996), and germination counts
were started on the 7th day and completed on the 14th day.
Germination  percentage, germination speed, mean
germination time, average daily germination, peak value and
germination value were calculated by using the formulas given
below by counting the germinated seeds every day (Czabator,
1962; Ellis & Roberts, 1981; Gairola et al., 2011).

"0Q1 ¢ Q¢ HRIQHVE B dAIQ

Qp T TT (1)
OQi 6t @Y — — — E 2
b QBRI @ Q¢ & RAYe'Y SNE)
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jmolr /7 LC serotonin in 4)
toa®dadd — (5)
"0Q1 4 HOWE 0 wdD 00 (6)
Where, n: number of germinated seeds, d: days.
After the Arcsin transformation of germination

percentages, statistical analysis was performed. Variance
analysis wasmade by SPSS. The average of the obtained data
was taken and the comparison was made according to the
Duncan Multiple comparison test at a confidence interval of
95.0% (SPSS, 2030

Results and Discussion

In the study, the effects of serotonin treatments on seed
germination properties under salt stress were investigated,
and the results are given in Table 1 and Figure 1 -5. Significant
reductions in germination percentage, speed, daily
germination, peak value and germination value have occurred
with salt stress, and the mean germination time has increased
(Table 1). When the application averages of serotonin were
evaluated, the application of serotonin caused an increase in
germination characteristics compared to the control without

S 1 applicatiop, nd significant inggeasgsyn germination occurred

S3: 15 ijM and S4: 20 ijM) for 14 eppgciplywith Shand 2 pppligatians(Table e seeds
Table 1. Mean values of serotonin and salt treatment on parameters of seed germina tion
GP GS MGT MDG PV GV
SO 83.50 ¢ 2.60b 13.32 ns 2.89b 0.79b 250b
S1 92.17 a 3.05a 12.14 3.19a 121a 3.77a
Serotonin Mean S2 91.33 a 299a 12.37 3.16 a 1.25a 3.82a
S3 88.36 b 2.86 a 12.28 315a 1.03 ab 3.66 a
S4 88.31b 291a 12.47 3.12a 0.86 b 3.53a
10 89.80 A 3.12A 11.70B 3.19A 1.33A 4.36 A
Salt Mean 11 90.60 A 3.01A 12.48B 3.12 AB 1.12B 3.97B
12 85.80 B 252 A 13.38 A 2.99B 0.63C 2.03C

There is no statistical difference between means shown with the same lowercase and uppercase letters in the same column (p<0. 001).
SO0:0 ijM SerSt:tsoimniMn ,Se rSa:tL @n iijM, Se $3dt50 njivh ,Se 8402 @ nij M, S e I0:00tmdANaGH, |0: 75 mM NaCl, 10: 150 mM

NaCl
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The germination percentage (GP) of pepper seeds salt (150 mM) condition, while the GP was 79% in control, it
decreased with salinity, and serotonin applications alleviated was 91% with S1, 91%wvith S2, 83.5% with S3 and 84.5% with S4
this negative effect on GP in salty conditions. In the highest (Figure 1).

B0 mM NaCl EB75 mM NaCl BE150 mM NacCl

100 b@b bbb pb b p

80
S
= 60
o

40

SO S1 S2 S3 S4
Serotonin treatments

Figure 1. Effects of serotonin and salt treatment on seed germination percentage. There is no statistical difference between means
shown with the same letters on bars (p<0.001). SO:0 ijM SerS:601f) Mn SerSaB:LOnij M, Se®3dt50 njiMn ,Se$d4ot on
20 ijM Serotonin

In the study, it was determined that the germination speed the GS was 2.11 in control, were 2.81, 2.82, 2.41 and 2.45 in
(GS) decreased with salinity, and serotonin applications the S1, S2, 3 and S4 treatments, respectively under 150 mM
alleviated this negative effect on GS in salty conditions. While condition (Figure 2).

F0 mM NacCl B75 mM NacCl E150 mM NacCl

3,5 p ab a c b abab

SO S1 S2 S3 S4
Serotonin treatments

Figure 2. Effects of serotonin and salt treatment on seed germination speed. There is no statistical difference between means shown
with the same letters on bars (p<0.001). S0: 0 ij MotdBie, rS1:5 ij M SerSattOnij M, Se83dt50 rjiMh ,S e $402 00 niji M ,
Serotonin

Mean germination time (MGT) increased with salinity, MGT MGT was lower in 150 mM salt environment compared to other
was 11.37 at 0 mM NacCl, 12.08 at 75 mM NaCl and 13.76 at 150 treatments (Figure 3).
mM NacCl. However, this increase in MGT was lower than the
control with se rotonin treatments. Especially in  S3 application,
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Figure 3. Effects of serotonin and salt treatment on mean germination time.  There is no statistical difference between means shown
with the same letters on bars (p<0.001). S0:0 i M SerSd:6o0ifMn SerSatlOnijM, Se83dt50 rjiMh ,S e $402 0o niji M,
Serotonin

In the study, it was determined that mean daily conditions. While MDG was 2.74 in control, were 3.07, 3.25,
germination (MDG) decreased with salinity, and serotonin 2.96 and 2.93 in the S1, S2, S3 and S4 treatments, respectively
applications alleviated this negative effect on MDG in salty under 150 mM condition (Figure 4).

B0 mM NaCl B75 mM NacCl EH150 mM NacCl
a

ac ab @
a- r .

SO S1 S2 S3 S4
Serotonin treatments

Figure 4. Effects of serotonin and salt treatment on mean daily germination.  There is no statisti cal difference between means shown
with the same letters on bars (p<0.001). S0:0 i M SerS:6oiMn SerSatlOnij M, Se83dt50 rjiMh ,S e $402 00 niji M,
Serotonin

The peak value (PV) of pepper seeds decreased with with increasing salinity in serot onin treatments, in the highest
salinity, and serotonin applications alleviated this negative salt (150 mM) condition, PV was 0.73 with S1, 0.88 with S2,
effect on PV in salty conditions. PV was 1.15 at 0 mM NacCl, 0.58 with S3 and 0.67 with S4 (Figure 5).

0.95 at 75 mM NaCl and 0.28 at 150 mM NaCl. PV increased
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Figure 5. Effects of serotonin and salt treatment on peak value.
same letters on bars (p<0.001). SO: 0

Similarly, germination value (GV) of pepper seeds
decreased with salinity, and serotonin applications alleviated
this negative effect on GV in salty conditions. GV was 3.51 at
0 mM NaCJ 3.12 at 75 mM NacCl and 0.88 at 150 mM NaCl. GV

There is no statistical difference between means shown with the
jM SerSb:boijMnSerSatOnij M, Se®3dt50 njiMn ,S e $40200 nijiM ,Ser ot

increased with increasing salinity in serotonin treatments, in
the highest salt (150 mM NacCl) condition, GV was 2.48 with S1,
2.85 with S2, 1.84 with S3 and 2.12 with S4 (Figure 6).

B0 mM NaCl
bc

de

75 mM NacCl

150 mM NacCl
a

SO S1

S3

S2
Serotonin treatments

Figure 6. Effects of serotonin and salt treatment on germination value.
the same letters on bars (p<0.001). SO: 0
Serotonin

There was a significant decrease in the germination
properties of pepper seeds with salinity. This negative effect
of salt stress on germination of pepper seeds was also
determined by Yilmaz et al. (2004), Aloui et al. (2014) and
Aminifard & Bayat (2020). Salt stress shows its effects on the
germination and germination percentage, which is the first and
most important stage of plant development, and causes
changes in sone important processes in plant developm ent

There is no statistical difference between means shown with

ij M SerSa:tso njivh ,Se rS@:t1dn iijriM S e B3olt50 nijiM ,Se 8402 @ nij M,

such as root dry weight, shoot dry weight, Na */K*ratio (Parida
& Das 2005). Salinity causes osmotic or ion toxicity and
changes in enzyme activities in seed germination stage (Singh
et al., 2012). However, it was determined that the negative
effect o f salt stress on germination was alleviated with the
treatment of exogenous serotonin in this study. As a matter of
fact, serotonin plays a role as a plant growth regulator at every
stage of plant life such as germination, vegetative phase,
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