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Abiyotik stres kosullart tohum kalitesini bozarak, tohumun canliligini ve ¢imlenme potansiyelini azaltmaktadir. Bu
nedenle, abiyotik stres kosullari altinda tohum ¢imlenmesini iyilestirmek 6nemlidir. Melatonin’in bitkilerde c¢esitli
abiyotik stres faktorlerine karsi tolerans kazanilmasinda etkin rol aldigi ortaya konmustur. Ancak, melatonin
metabolitlerin bitkilerdeki olasi rolleri iizerinde sinirli sayida ¢aligma yiiriitilmiis ve sonuglar bu metabolitlerinde
melatonin benzeri gorevlere sahip oldugu yoniindedir. O nedenle bu ¢aligmada bir melatonin metaboliti olan cyclic 3-
hidroksimelatoninin (3-ohm) stres kosullar1 altinda (kuraklik ve tuz stresi) tohum ¢imlenmesi tizerine etkileri
aragtirtlmistir. Bu amaca yonelik degisik konsantrasyonlarda (0 pM, 10 pM, 50 uM ve 100 uM) 3-ohm uygulanmis biber
tohumlari, tuz (0, 75, 100 ve 125 mM NacCl) ve su (0, 75 ve 100 gL' PEG 6000) stresleri altinda ¢gimlenme testine tabi
tutulmustur. Calisma sonucunda 3-ohm uygulamalarinin tiim konsantrasyonlarinin, tuz ve su stresi altindaki ¢imlenme
testine tabi tutulan biber tohumlarinin ¢imlenme yiizdelerini, ¢imlenme {iniformitesini, ¢gimlenme hizini, kdkgiik uzunlugu
ve vigor indeksini kontrol uygulamasina kiyasla arttirdig1 gézlenmistir. Ayrica 3-ohm’in biberde ¢imlenme agamasinda
tuz ve su streslerine karsi toleransi arttirmada melatonin benzeri fonksiyona sahip oldugu ve antioksidan olarak gorev
yaparak stres toleransinin artmasinda aktif rol aldigi sonucunu ortaya gikarmustir.

Anahtar Kelimeler: Cyclic 3-hidroksimelatonin, tuzluluk stresi, su stresi, RNS, ROS, vigor indeksi
Effects of Cyclic 3-hydroxymelatonin on Pepper Seed Germination Under Salt and Water Stress

ABSTRACT

Abiotic stresses reduce seed germination by increasing deterioration of seed quality, reducing germination potential and
seed viability. Therefore, it is important to improve seed germination under abiotic stress conditions. Melatonin has been
shown to play an active role in the acquisition of tolerance to various abiotic stress factors in plants. However, limited
studies have been conducted on the possible roles of melatonin metabolites in plants and the results suggests that these
metabolites may also function similarly to melatonin. Therefore, in this study, the effects of cyclic 3-hydroxymelatonin
(3-ohm), a melatonin metabolite, on seed germination under stress conditions (drought and salt stress) were investigated.
For this purpose, pepper seeds treated with 3-ohm at different concentrations (0 uM, 10 uM, 50 uM and 100 uM) were
subjected to germination test under salt (0, 75, 100 and 125 mM NacCl) and water (0, 75 and 100 gLt PEG 6000) stresses.
As a result of the study, all concentrations of 3-ohm treatments increased the germination percentage, germination
uniformity, germination rate, root length and vigor index of pepper seeds subjected to germination test under salt and
water stress compared to control treatment. It was also concluded that 3-ohm has a melatonin-like function in increasing
tolerance to salt and water stresses at the germination stage in pepper and plays an active role in increasing stress tolerance
by acting as an antioxidant.

Keywords: Cyclic 3-hydroxymelatonin, salinity stress, water stress, RNS, ROS, vigour index

INTRODUCTION

Pepper plant belongs to the genus Capsicum of the
Solanaceae family and is an annual crop in temperate
climates and a perennial crop in tropical climates [1].
Drought stress causes severe reductions in crop
productivity by reducing plant water uptake, leaf
water content and gas exchange rates [2]. Salt stress
disrupts the osmotic and ionic balance of plants,
negatively affecting their growth and development
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and causing many damages [3]. In order to reduce the
negative effects of these stress factors in cultivation,
many plant growth regulators are the subject of
research. One of them is melatonin and the
metabolites released as a result of the breakdown of
melatonin.

Seed germination is the first stage in the life of a
plant and is of great importance in sustaining crop
production. Abiotic stresses reduce seed germination
by increasing seed quality deterioration, reducing
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germination potential and seed viability. Therefore, to
achieve a sustainable level of crop vyield, it is
important to improve seed germination under abiotic
stress conditions [4]. Melatonin, a potent source of
antioxidants, has been reported to increase plant
resistance to stress by directly or indirectly
scavenging reactive oxygen species (ROS) and
reactive nitrogen species (RNS) produced under
biotic and abiotic stressors such as low temperature
[5], high temperature [6], drought [7], salinity [8] and
oxidative stresses [9, 10, 11].

As a result of the researches on melatonin, which
is a circadian rhythm sensor and antioxidant source,
the fact that melatonin has many positive features
about its physiological roles has led researchers to
study on melatonin metabolites. Several metabolites
of melatonin have been detected in plants, including
2-hydroxymelatonin (2-ohm), cyclic-3-
hydroxymelatonin  (3-ohm), and N!-acetyl-N2-
formyl-5-methoxyquinuramine (AFMK) [12, 13]. It
has been shown that melatonin is converted into
AFMK by indoleamine 2,3-dioxygenase (IDO), into
2-hydroxymelatonin  (2-ohm) by 2-hydroxylase
(M2H) and into 3-ohm by 3-hydroxylase (M3H) [14].
In a study, they reported that exogenous melatonin
application led to the production of several melatonin
metabolites in paddy seedlings, including 2-ohm, 3-
ohm and AFMK, and Nz2-acetyl-5-
methoxyquinuramine  (AMK), suggesting the
presence of a melatonin metabolism pathway.
Furthermore, it has been demonstrated that, similar to
melatonin, the amounts of 2-ohm and 3-ohm
metabolites in tissues exhibit a diurnal rhythm that
peaks at night [15]. In a study on the protection of
melatonin and its precursors and metabolites against
oxidative stress, it was reported that N-
acetylseratonin (N-Ser), one of the precursors of
melatonin, and 6-ohm, a melatonin metabolite, were
more effective than melatonin in eliminating peroxyl
free radicals [16].

It has been reported that the two dominant
melatonin metabolites found in terrestrial plants are
3-ohm and 2-ohm [17] and that the enzymes involved
in the synthesis of these metabolites (M2H and M3H)
belong to the 2-oxoglutarate-dependent dioxygenase
(2-ODD) superfamily [18, 19]. It was revealed that 2-
ohm increased the tolerance of cucumber and tomato
seedlings to both cold and water stresses when
applied separately and together [20]. Similarly, it was
reported that paddy seedlings treated with 2-ohm
provided tolerance to stress factors in plants when
cold and water stresses were applied together [21;
20]. In a study investigating the effects of 2-ohm on
seed germination, it was reported that the germination
of dormant Arabidopsis seeds treated with 2-ohm was
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significantly increased compared to control seeds
[22]. Korkmaz et al. [23] reported that 2-ohm had a
melatonin-like function in increasing tolerance to salt,
water and chilling stresses during germination and
seedling emergence in pepper and played an active
role in increasing stress tolerance by acting as an
antioxidant. Shah et al. [24] reported that 4-ohm
reduced the effect of nickel stress on the roots and
shoots of eggplant seedlings and increased their
resistance to stress. In a study with rice plants, M3H
genes that catalyze melatonin to 3-ohm via 2-ODD
were cloned and 3-ohm was found in high amounts in
melatonin-treated leaves. These results showed that
melatonin is metabolized to 3-ohm by M3H genes in
plants [25]. In addition, in a limited number of
studies, it has been reported that 3-ohm responds to
oxidative stress in adverse environmental conditions
and exhibits high antioxidant activity against the
harmful effects caused by this stress [15, 26, 27].

3-ohm, an important metabolite produced through
melatonin interaction with oxygenated compounds, is
thought to have an active role in increasing tolerance
to various abiotic stress factors. However, there is a
very limited number of studies on the physiological
functions of 3-ohm in plants and no studies on its
effects on seed germination, seedling emergence and
yield were found in the literature. Therefore, in this
study, its effects on germination of pepper seeds
under various stress factors (drought and salinity
stresses) were investigated. Pepper seeds exposed to
drought and salt stresses were subjected to 3-ohm
treatments and the possible effects of the treatments
on seed germination under stress conditions were
revealed. In addition, it will be an advantage for
future studies to complete the deficiencies in the
literature by revealing the effects of 3-ohm, a
melatonin metabolite, on application doses and
abiotic stress factors.

MATERIALS AND METHODS
Plant Material and Treatments

‘Sera Demre’ pepper seeds were superficially
disinfected in water containing 1% (active ingredient)
sodium hypochlorite for 10 minutes to eliminate
microorganisms that could be carried on the seeds,
washed in plenty of water and dried superficially on
blotting paper for 2 hours under room conditions. For
3-ohm treatment, the superficially dried pepper seeds
were kept at 20°C for 24 hours on double-layer
blotting paper containing 30 mL of 0, 10, 50 and 100
uM 3-ohm in plastic containers. Control seeds (0 uM)
were kept in pure water only. The seeds were then
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washed under tap water and dried on blotting paper
for one day and subjected to germination tests under
optimum conditions and salinity and water stress
conditions.

Germination Test

Germination tests were carried out in 10 cm
diameter petri dishes with 4 replicates and 50 seeds in
each replicate in the dark. Seeds treated with different
concentrations (10, 50 and 100 uM) of 3-ohm and
control (0 uM 3-ohm) seeds treated with pure water
were included in the experiment. In the water stress
treatment, 5 ml of 0 gL' PEG 6000, 75 gL' PEG
6000, 100 gLt PEG 6000 solution (water stress) and
3-ohm concentrations were used in each petri dish,
totaling 48 petri dishes. In the salt stress treatment, a
total of 64 petri dishes were used with 0 mM NaCl,
75 mM NaCl, 100 mM NaCl and 125 mM NaCl
solution (salt stress) and 3-ohm concentrations. For
germination tests in water stress and salt stress
treatments, the petri dishes were placed in a climate
cabinet the at 25°C in darkness (relative humidity:
65+5%). Petri dishes were counted daily during
germination tests. Germination tests continued until
germination became stable and lasted for 16 days
under salt and water stress conditions. During this
period, petri dishes were irrigated equally with
appropriate solutions as needed. The appearance of
the root (1 mm) was considered sufficient for
germination, and germination continued until the
number of germinated seeds became constant. Using
Seed Germination Software v 1.0, the final
germination percentage (FGP), mean germination
time (MGT), and germination uniformity (Gio-9) an
inverse indicator of germination rate, calculated
based on the total number of germinated seeds. Root
length and vigor index were also calculated after
germination test. Root length (RL) was determined on
5 randomly selected seeds in each petri dish using a
digital caliper. Vigor index was calculated by the
formula (root length + shoot length) x germination
percentage” [28].

Statistical Analysis

The experiment was established according to the
randomized plot experimental design with 4
replications. SPSS 20.0 package program two-way
Anova and Duncan Multiple Range Test (5%) (to
determine the differences between group averages)
were used in the evaluation of the data obtained as a
result of the research.

RESULTS
Germination Test of Seeds Under Salt Stress

The effects of 3-ohm treatments on FGP, MGT,
Gio-90, RL and vigor indices of pepper seeds after
germination test under salt stress (75 mM NaCl) and
optimum conditions are shown in Table 1. It was
determined that salt stress had a significant effect on
the germination percentage of the seeds and the
germination percentage, which was 98.4 under
optimum conditions, decreased to 97.0 under the
effect of stress. It was also observed that 3-ohm
applied to the seeds also had a significant effect on
germination percentage and seeds treated with 3-ohm
at a concentration of 50 uM (98.3%) had a higher
germination percentage compared to the 0 puM
treatment (96.8%).

The effects of both stress main factor and 3-ohm
concentration main factor on MGT were statistically
significant, but the interaction effect of both main
factors was found to be insignificant. In Table 1, salt
stress negatively affected the mean germination rates
of the seeds and the mean germination rate of seeds
germinated in 0 mM NaCl conditions increased from
6.60 days to 8.10 days due to the effect of stress. As
a result of 3-ohm treatments, 10 uM, 50 uM and 100
UM treatments positively affected the germination
rates of the seeds and decreased the MGT value from
7.69 days to 7.12, 7.31 and 7.30 days, respectively.

Salt stress negatively affected the germination
uniformity of the seeds and the germination
uniformity, which was 2.94 days in seeds germinated
under 0 mM NaCl conditions, increased to 3.32 days
with the effect of stress (Table 1). Although it was not
statistically significant, among the 3-ohm treatments,
10 uM treatment positively affected the germination
uniformity of the seeds and decreased the Gio-90 Value
from 3.36 days to 2.82 days in 0 UM treated seeds.

When the effects of salt stress and 3-ohm
treatments on the RL of pepper seeds were examined,
it was observed that the main factors were significant
but their interaction effect was insignificant (Table 1).
RL, which was 7.47 cm under optimum conditions,
decreased to 5.13 cm under the effect of salt stress.
Among the 3-ohm treatments at different
concentrations, the smallest root length was obtained
from 0 UM treatment (5.79 cm), whereas the root
lengths of seeds treated with 10 pM, 50 uM and 100
KM 3-ohm were significantly higher (6.86 cm, 6.63
cm, and 5.90 cm, respectively).

When the effects of salt stress and 3-OHM
treatments on vigor index of pepper seeds were
examined, it was observed that the main factors were
significant but their interaction effect was
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insignificant. The vigor index, which was 735.06
under optimum conditions, decreased to 497.38 under
the effect of salt stress. Among the 3-ohm treatments
at different concentrations, the lowest vigor index
was obtained from 0 uM treatment. The vigor indices
of seeds treated with 10 uM, 50 uM and 100 uM 3-
ohm were significantly higher (Table 1).

Tablel. Effects of salt stress (75 mM NaCl) and 3-
ohm treatments on germination parameters of

MGT value from 7.76 days to 7.16, 7.45 and 7.50
days, respectively.

When the effects of salt stress and 3-ohm
treatments on RL and vigor index of pepper seeds
were examined, it was observed that the main factors
were significant but their interaction effect was
insignificant. In Table 2, the RL, which was 7.47 cm
under optimum conditions, decreased to 3.86 cm
under the effect of salt stress. Among the 3-ohm
treatments at different concentrations, the smallest

seeds RL was obtained from 0 pM treatment (5.04 cm),
Treatment FGP | MGT | Guw | RL | Vigor whereas the root lengths of seeds treated with 10 pM,
i C6) | (day) | (day) | (em) | index | 54 ,0M and 100 M 3-ohm were significantly higher
NaCl (mM) H H 9 ntly g
0 - |984a| 660b | 294 | 747a |73506a| (6.14 cm, 5.95 cm, and 5.54 cm, respectively). The
- h75( ) - [97.0b] 810a | 332 | 513b |497.38b| vijgor index, which was 735.06 under optimum
-ohm (u ...
0 - | 968 | 769a | 336 | 5790 |s6055¢c| conditions, decreased to 372.99 under the effect of
10 - | 980 | 712b | 282 | 686a |67293a| Salt stress. Among the 3-ohm treatments at different
50 - | 983 | 73lb | 319 | 663ab|65301abl  concentrations, the lowest vigor index was obtained
100 - |978 | 7.30b | 316 | 590b |578.39hc R
NaClx3-onm from O pM treatment, whereas the vigor indices of
OuM | 975 | 6.80 306 | 683 | 66510 | seeds treated with 10 pM, 50 uM and 100 pM 3-ohm
10uM| 985 | 6.37 274 | 840 | 82675 P ;
OmM 5oim| o5 | 659 | 297 | 764 | 75728 | e significantly higher.
100puM| 985 | 6.67 298 | 7.01 | 691.13
OpM | 96.0 | 857 365 | 475 | 456.00 | Table 2. Effects of salt stress (100 mM NacCl) and 3-
10uM| 97.5 7.87 2.89 5.33 519.10 H H
5 oo om| o078 | 80 320 | cos | 4875 ohm treatments on germination parameters of
100 pM| 97.0 |  7.94 334 | 480 | 465.65 seeds
Sign. Treatments FGP MGT | Gio RL Vigor
NaCl (mM) - * falaied N.S. falaied falaied (%) (day) (day) | (cm) index
3-ohm (UM)| - | N.S. | *** N.S. * * NaCl (mM)
NaClx3-ohm NS. | NS NS. | NS | NS 0 - | 984a|660b | 294b [7.47a|735.06a
Sign. (S|gn|f|cant) NS, *, **, *** not significant, significant at P < 0.05, 100 - 96.5b | 833a | 3.52a [3.86b[372.99b
0.01 or 0.001, respectlvely 3-ohm (uM)
0 - 965 | 7.76a | 3.69 |5.04b |487.80b
10 - 97.8 7.16¢ 286 |6.14a|601.25a
The effects of 3-ohm treatments on FGP, MGT, 50 - | 980 | 7256 | 320 |595a|58489a
Gio-90, RL and vigor indices of pepper seeds after 100 - 975 | 7.50b | 3.7 |5.54ab|542.16ab
germination test under salt stress (100 mM NaCl) and | NaClx3-ohm
. diti h i Table 2. It OuM | 975 | 680 | 306 | 6.83 | 665.10
optimum conditions are shown in Table 2. It was omv  |20uM| 85 | 637 | 227 | 840 | 82675
determined that salt stress had a significant effect on 50uM | 990 | 659 | 297 | 7.64 | 757.28
the FGP of the seeds and the germination percentage, 18(’“‘;/"\" 322 g% igg ggé g?éég
which was 98.4 under optimum conditions, decreased oomm | 10HM 970 | 795 | 297 | 388 | 37575
t0 96.5 under the effect of stress. It was also observed 50uM | 970 | 831 | 343 | 425 | 41250
that 3-ohm applied to the seeds had a higher effect on S 100pM) 965 | 834 | 336 | 4.08 | 393.20
the germination percentage of seeds treated with 3- NaCl (mM) | - o ok * N
ohm at a concentration of 50 UM (98.0%) compared | 3-ohm (uM) | - N.S. | ** | NS. * *
NaClx3-ohm NS. | NS | NS | NS | NS

to the O uM treatment (96.5%).

The effects of both stress main factor and 3-ohm
concentration main factor on MGT were statistically
significant, but the interaction effect of both main
factors was found to be insignificant (Table 2). Salt
stress negatively affected the mean germination rate
of the seeds and the mean germination rate of the
seeds germinated under 0 mM NaCl conditions
increased from 6.60 days to 8.33 days due to the effect
of stress. As a result of 3-ohm treatments, 10 uM, 50
MM and 100 puM treatments positively affected the
germination rates of the seeds and decreased the
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Sign. (significant), NS *, ** xxx ot significant, significant at P < 0.05,
0.01 or 0.001, respectlvely

Table 3 shows the effects of salt stress (125 mM
NaCl) on FGP, MGT, Gio-%, RL and vigor index of
pepper seeds after 3-ohm treatments and after
germination test under optimum conditions. It was
determined that salt stress had a significant effect on
the germination percentage of the seeds and the
germination percentage, which was 98.4% under
optimum conditions, decreased to 95.5% under the
effect of stress. It was also observed that 3-ohm
applied to the seeds also had an effect on germination
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percentage, with seeds treated with 3-ohm at a
concentration of 50 uM (97.5%) having a higher
germination percentage compared to the 0 pM
treatment (96.0%).

The effects of both stress main factor and 3-ohm
concentration main factor on MGT were statistically
significant, but the interaction effect of both main
factors was found to be insignificant. Table 3 shows
that salt stress negatively affected the mean
germination rates of the seeds and the mean
germination rate of seeds germinated under 0 mM
NaCl conditions increased from 6.60 days to 8.58
days due to the effect of stress. As a result of 3-ohm
treatments, 10 pM, 50 uM and 100 uM treatments
positively affected the germination rates of the seeds
and decreased the MGT value from 7.81 days to 7.29,
7.60 and 7.66 days, respectively.

Table 3. Effects of salt stress (125 mM NaCl) and 3-
ohm treatments on germination parameters of

seeds
FGP MGT Gio-90 RL Vlgor
Treatments %) | (day) | (day) | (cm) | index
NaCl (mM)
0 - 984a | 6.60b | 294b | 7.47a |735.06 a
125 - 95.5b | 858a | 3.71a | 1.80b [172.30 b
3-ohm (uM)
0 - 96.0 781la 3.80 3.79b [368.05b
10 - 97.3 7.29¢c 3.00 5.20a |509.38 a
50 - 97.5 7.60b 3.29 4.98a |490.24 a
100 - 97.0 |7.66ab| 3.21 | 4.57 ab |447.06 a
NaClx3-ohm
ouM 97.5 6.80 3.06 6.83 | 665.10
0mM 10 uM 98.5 6.37 2.74 8.40 | 826.75
50 uM 99.0 6.59 297 7.65 | 757.28
100 uM | 98.5 6.67 2.98 7.01 ]691.13
0 uMm 94.5 8.83 455 0.75 71.00
125 mM 10 uM 96.0 8.20 3.26 2.00 |192.00
50 uM 96.0 8.62 3.60 2.33 | 223.20
100puM | 955 8.65 343 2.13 | 203.00
Significant
Nacl - *k*k *kk *k*k *kk *kk
3-ohm (UM)| - N.S. b N.S. o o
NaClIx3-ohm N.S. N.S. N.S. N.S. N.S.

Sign. (significant), NS, *, ** *** not significant, significant at P<0.05,
0.01 or 0.001, respectively

When the effects of 3-ohm treatments on Gio-90 Of
pepper seeds under salt stress and optimum
conditions were examined, it was observed that only
the effect of salt stress was significant, but the
interaction effects of 3-ohm treatments and the two
main factors were found to be insignificant (Table 3).
Salt stress negatively affected the germination
uniformity of the seeds and the average value of 2.94
days in seeds germinated under 0 mM NaCl
conditions increased to 3.71 days with the effect of
stress.

When the effects of salt stress and 3-ohm
treatments on RL and vigor index of pepper seeds
were examined, it was observed that the main factors

were significant but their interaction effect was
insignificant. When the effects of salt stress and 3-
ohm treatments on the RL of pepper seeds were
examined, the RL, which was 7.47 cm under optimum
conditions, decreased to 1.80 cm under the effect of
salt stress. Among the 3-ohm treatments at different
concentrations, the smallest RL was obtained from 0
MM treatment (3.79 cm), whereas it was significantly
higher in seeds treated with 10 uM, 50 uM and 100
UM 3-ohm (5.20 cm, 4.98 cm, and 4.57 cm,
respectively).

When the effects of salt stress and 3-ohm
treatments on the vigor index of pepper seeds were
examined, the vigor index, which was 735.06 under
optimum conditions, decreased to 172.30 under the
effect of salt stress. Among the 3-ohm treatments at
different concentrations, the lowest vigor index was
obtained from 0 pM treatment, whereas it was
significantly higher in seeds treated with 10 uM, 50
MM and 100 pM 3-ohm.

Germination Test of Seeds Under Water Stress

The effects of 3-ohm treatments on FGP, MGT,
Gio-o0o, RL and vigor index of pepper seeds after
germination test under water stress (75 gL PEG) and
optimum conditions are presented in Table 4. When
the results on the effects of water stress on FGP of
seeds were analyzed, the main factors, stress and 3-
ohm treatments and the interaction relationship
between them were found statistically insignificant.
However, water stress negatively affected the FGP of
the seeds and the germination percentage decreased
from 98.1% under optimum conditions to 97.4%
under the effect of stress. Moreover, seeds treated
with all 3-ohm concentrations had higher germination
percentages compared to 0 uM treatment.

The effects of stress and 3-ohm treatments on
MGT were statistically significant, but the interaction
effect of both main factors was found to be
insignificant. When the data presented in Table 4 are
analyzed, water stress negatively affected the
germination rates of the seeds and the germination
rate, which was 6.59 days under optimum conditions,
increased to 7.46 days with the effect of stress. As a
result of 3-ohm treatments, 10 pM and 50 pM
treatments positively affected the germination rates of
the seeds and decreased the MGT value from 7.19
days to 6.79 and 7.03 days, respectively.

When the effects of 3-ohm treatments on Gio-9 of
pepper seeds under water stress and optimum
conditions were examined, stress negatively affected
the germination uniformity of the seeds and the
germination uniformity of the seeds germinated under
0 gL' PEG conditions increased from 2.95 days to
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3.26 days with the effect of stress. Although it was
not statistically significant, it was determined that
among the 3-ohm applications, 10 uM application
positively affected the germination uniformity of the
seeds and decreased the Gio-90 value from 3.45 days
to 2.80 days in 0 uM treated seeds.

Table 4. Effects of water stress (75 gL PEG) and 3-
ohm treatments on germination parameters of

seeds
FGP MGT Gio-90 RL Vigor
Treatments @) | (day) | day) | (cm) indox
PEG
ogL? - 98.1 | 659b | 295 | 7.50a |735.61a
759L? - 97.4 7.46a 3.26 5.76 b |561.85b
3-ohm (UM)
0 - 96.5 719a 3.45 5.65b |546.33b
10 - 97.8 6.79b 2.80 755a |738.23a
50 - 98.5 7.03a 3.12 7.10a |699.43 a
100 - 98.3 7.10a 3.06 6.22b [610.94Db
PEGx3-0hm
0ouM 97.0 6.84 3.22 6.80 660.15
0gL" 10uM | 98.0 6.25 2.59 8.35 817.95
50uM | 99.0 6.60 3.00 7.83 774.10
100 uM| 98.5 6.68 2.98 7.01 690.23
OuM | 96.0 7.54 3.67 450 | 432,50
75 gLt 10uM| 975 7.33 3.01 6.70 658.50
50uM | 98.0 7.47 3.24 6.38 | 624.75
100 uM| 98.0 7.52 3.13 5.43 531.65
Sign.
PEG - N.S. bl N.S. Fhk Fhk
3-ohm (UM)| - N.S. bl N.S. Fhk Fhk
PEGx3-ohm| - N.S. N.S. N.S. N.S. N.S.

Sign. (significant), NS, *, ** *** not significant, significant at P < 0.05,
0.01 or 0.001, respectively

The effects of stress and 3-ohm treatments on RL
and vigor index were statistically significant, but the
interaction effect of both main factors was found to
be insignificant. RL, which was 7.50 cm under
optimum conditions, decreased to 5.76 cm under the
effect of water stress. Among the 3-ohm treatments at
different concentrations, the smallest RL was
obtained from 0 uM treatment (5.65 cm), whereas the
root lengths of seeds treated with 10 uM, 50 uM and
100 pM 3-ohm were significantly higher (7.55 cm,
7.10 cm, and 6.22 cm, respectively).

The effects of water stress and 3-ohm treatments
on the vigor index of pepper seeds showed that the
vigor index, which was 735.61 under optimum
conditions, decreased to 561.85 under the effect of
water stress. Among the 3-ohm treatments at different
concentrations, the lowest vigor index was obtained
from 0 uM treatment, whereas the vigor indexes of
seeds treated with 10 uM, 50 uM and 100 uM 3-ohm
were significantly higher. When the interaction effect
of stress and 3-ohm concentrations was analyzed, it
was observed that the lowest vigor index was
obtained from 0 pM 3-ohm treatment under 75 gL
PEG conditions, while the highest was obtained from
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10 pM, 50 puM and 100 uM 3-ohm treatments under
0 gL PEG conditions.

The effects of 3-ohm treatments on FGP, MGT,
Gio-o0o, RL and vigor index of pepper seeds after
germination test under water stress (100 gLt PEG)
and optimum conditions are shown in Table 5. It was
determined that water stress had a significant effect
on the FGP of the seeds and the average value of
98.1% under optimum conditions decreased to 96.8%
with the effect of stress. Furthermore, it was observed
that 50 uM (98.3%) 3-ohm concentration applied to
the seeds had a higher germination percentage
compared to the 0 UM treatment (96.3%). However,
the interaction relationship between the main factors,
stress and 3-ohm treatments were found to be
statistically insignificant.

The effects of stress and 3-ohm treatments on
MGT were statistically significant, but the interaction
effect of both main factors was found to be
insignificant. According to the data presented in
Table 5, water stress negatively affected the mean
germination rate of the seeds and the mean
germination rate of the seeds germinated under 0 gLt
PEG conditions increased from 6.59 days to 7.89 days
due to the effect of stress. As a result of 3-ohm
treatments, 10 uM, 50 uM and 100 pM 3-ohm
treatments positively affected the germination rates of
the seeds and decreased the MGT value from 7.52
days to 7.00, 7.17 and 7.26 days, respectively.

When the effects of 3-ohm treatments on Gio-90 Of
pepper seeds under water stress and optimum
conditions were examined, only the effect of water
stress was found to be significant, while the
interaction effects of 3-ohm treatments and two main
factors were found to be insignificant. When the
effects of 3-ohm treatments on Gio-90 OF pepper seeds
under water stress and optimum conditions were
examined, stress negatively affected the germination
uniformity of the seeds and the germination
uniformity, which was 2.95 days in seeds germinated
under 0 gL* PEG conditions, increased to 3.71 days
with the effect of stress.

When the effects of water stress and 3-OHM
treatments on RL and vigor index of pepper seeds
were examined, it was observed that the main factors
were significant but the interaction effects were
insignificant. Water stress and 3-ohm treatments
decreased the root length of pepper seeds from 7.50
cm under optimum conditions to 4.91 cm under the
effect of stress. Among the 3-ohm treatments at
different concentrations, the smallest RL was
obtained from 0 uM treatment (5.53 cm), whereas the
root lengths of seeds treated with 10 pM, 50 pM and
100 pM 3-ohm were significantly higher (6.93 cm,
6.51 cm, and 5.85 cm, respectively).
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When the effects of water stress and 3-ohm
treatments on the vigor index of pepper seeds were
examined, the vigor index, which was 735.61 under
optimum conditions, decreased to 475.43 under the
effect of water stress. Among the 3-ohm treatments at
different concentrations, the lowest vigor index was
obtained from O puM treatment, whereas the vigor
indices of seeds treated with 10 pM, 50 uM and 100
UM 3-ohm were significantly higher.

Table 5. Effects of water stress (100 gL* PEG) and
3-ohm treatments on germination parameters

of seeds
FGP MGT Gio-90 RL Vlgor
Treatments %) | (day) | (day) | (cm) | index
PEG
ogLt 98.1a | 659b | 2.95b | 7.50a |735.61a
100 gLt 96.8b | 7.89a | 3.71a | 4.91b |47543b
3-ohm (UM)
0 - 96.3 | 752a | 352 | 553c |53295¢
10 - 97.3 | 7.00c | 3.18 | 6.93a |674.35a
50 - 983 | 7.17bc| 3.26 | 6.51ab 640.60 ab
100 - 98.0 | 7.26b | 3.35 | 5.85hc |574.16 bc
PEGx3-0hm
ouM | 97.0 | 684 | 322 | 6.80 | 660.15
0oLt |1OMM| 980 | 625 | 259 | 835 | 81795
50uM | 990 | 660 | 3.00 | 7.83 | 774.10
100uM| 985 | 668 | 298 | 7.01 | 690.23
OuM | 955 | 820 | 381 | 425 | 405.75
J00gL |[LOMM | 965 | 776 | 378 | 550 | 53075
50uM | 975 | 775 | 352 | 520 | 507.10
100uM| 975 | 7.85 | 371 | 470 | 458.10
Sign.
PEG - * *kk **k *kk *kk
3-ohm (uUM)| - N.S. Ho N.S. o o
PEGx3-0hm NS. | NS. | NS | NS | Ns.

Sign. (significant), NS, *, ** *** not significant, significant at P < 0.05,
0.01 or 0.001, respectively

DISCUSSION

3-ohm is one of the metabolites released as a result
of the degradation of melatonin and melatonin.
Melatonin 3-hydroxylase (M3H), a member of the 2-
oxoglutarate-dependent  dioxygenase  (2-ODD)
enzyme family, is responsible for 3-ohm
biosynthesis. In this study, the effects of 3-ohm,
which is a universal antioxidant and has been
suggested to be a plant hormone in recent years, on
the germination of pepper seeds treated with different
concentrations of salt and water stress conditions
were investigated. As mentioned in the previous
studies section, there is a very limited number of
studies on the physiological functions of 3-ohm in
plants and there is no study on its effects on seed
germination under stress.

Pepper seeds treated with different concentrations
(0, 10, 50 and 100 uM) of 3-ohm were subjected to
germination tests under 4 different NaCl
concentrations (0 mM, 75 mM, 100 mM and 125

mM) under salt stress and 2 different PEG-6000
concentrations (0 gL, 75 gL and 100 gL™*) under
water stress. All concentrations (10, 50 and 100 pM)
of 3-ohm treatments before sowing increased the
germination percentages of pepper seeds subjected to
germination tests under salt and water stress
compared to 0 pM concentration. The highest
germination percentage of seeds under salt stress
conditions was obtained from all 3-ohm treatments
regardless of concentration. Germination rate and
germination uniformity were positively affected by 3-
ohm treatments under both stress conditions and all
3-ohm treatments significantly increased germination
rate and germination uniformity. In addition, 3-ohm
treatments positively affected the root length and
vigor index of pepper seeds under both stress
conditions and caused an increase in both parameters.

The 3-ohm molecule, a metabolite of melatonin, is
thought to significantly improve seed germination
performance, but there is very little information on
this subject in the literature. For example, it was
reported that 3-ohm significantly increased the
germination of Arabidopsis seeds compared to
control seeds and promoted plant growth and
development [22]. Choi and Back [15], reported that
3-ohm levels in paddy plant tissues exhibited a
circadian rhythm like melatonin, but significantly
increased the tillering number by increasing the
expression level of the MOCL1 gene. Similarly, M3H
genes catalyzing melatonin to 3-ohm via 2-ODD were
cloned in paddy plants and 3-ohm was found in high
amounts in melatonin-treated leaves [17]. It was also
reported by Tan et al. [29] that 3-ohm is a powerful
antioxidant in eliminating hydroxyl radicals (HO-).
Galano et al. [30] suggested that the protective effects
of melatonin against peroxyl radicals become
important after metabolizing to 3-ohm. Accordingly,
the results presented in this study support not only the
sustained protection of melatonin against oxidative
stress through its free radical scavenging but also its
important role of 3-ohm in the peroxyl radical
scavenging activity of melatonin. In a study of rice
plants, M3H genes catalyzing melatonin to 3-ohm via
2-ODD were cloned, and 3-ohm was found at high
levels in melatonin-treated leaves [25]. Also, 3-ohm
promotes growth and flowering in Arabidopsis [31].
The researchers also observed that 3-ohm exhibited
15 times higher antioxidant activity than melatonin.
However, further studies on 3-ohm, a melatonin
metabolite, will shed light on its physiological
functions in seed germination under different stress
factors.
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CONCLUSIONS

The results of the study showed that 3-ohm
treatments of pepper seeds promoted germination
under salt and water stress conditions. All 3-ohm
concentrations used in the study gave the most
successful results compared to control seeds.
Moreover, 3-ohm treatment significantly increased
seed germination under different concentrations of
salt and drought stress conditions compared to non-
3-ohm treated seeds. In conclusion, the effects of 3-
ohm on seed germination performance of pepper
seeds under various abiotic stress factors were
undeniably significant. The results obtained suggest
that 3-ohm has a melatonin-like effect and promotes
the antioxidant system in increasing stress tolerance.
However, in order to reach more conclusive results,
further studies on 3-ohm, a metabolite of melatonin,
are needed.
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