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SCREENING OF PEPPER (CAPSICUM L.) SEEDLINGS TOLERANCE
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This study was conducted on screening for 21 pepper genotypes tolerance to low temperature and their duration
of survival in 3-4 (38 days after sowing), and 4-6 (47 days after sowing) true leaf seedling growth stages (LS). It
was detected that response of seedlings on low temperature were different and ranged among the genotypes depends
on growth stages. Seedlings in early 3-4 LS growth stage were more susceptible than 4-6 LS seedlings, where the first
symptoms of leaf cold damages (LCD) were revealed within 7 days after treatment (DAT) and 12 DAT in pepper
seedlings, respectively. There were identified that the susceptible genotypes in 3-4 LS can be tolerant in 4-6 LS, or
show opposite pattern, where tolerant one in next the growth stage, plant becomes susceptible. Low temperature
negative impact on chlorophyll content (CHL) in leaves, however depends on seedling growth stage and genotype
might be ranged. The lowest content of CHL were observed in early growth 3-4 LS seedlings than 4-6 LS. And, it was
revealed that cold susceptible pepper genotypes in which CHL reduced significantly during cold treatment, but showed
good ability to recovery of CHL after treatment of seedlings in NT condition, whereas cold tolerant genotypes with
high CHL content during low treatment, can reduce significantly of CHL after transfer of seedlings to NT condition
Jor recovery. According to screening were selected relatively cold tolerant pepper genotypes LT8 and LT9 in early 3-4
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LS, and LT8, LT13, LT18, LT20 and LT21 in 4-6 LS, where LCD were below 45 and 10%, respectively.

Introduction. Temperature is one of the main
environmental factors affecting vegetative and
reproductive growth of plants. Low temperature
stress is a major environmental factor in
temperate zone and significantly contributes
reduction in plants growth rate, pollen viability,
photosynthesis, delays or destroy the metabolism
activity, formation of leaf and flowers, number of
flowers, flowering time, fruit set, fruit growth and
so on, and plants have different abilities to deal
with low temperatures [1, 4, 6, 7, 17, 20, 21].

According to Hu et al., [10] cold stress in plants
can be divided into two categories: chilling stress
(0-20 °C) and freezing stress (<0 °C). Chilling-
sensitive plants, such as tomato, cucumber,
and sweet pepper, can suffer from cold injury
and reduced productivity when exposed to low
temperature (0-12 °C). Low night temperatures
have also been reported to cause negative impacts
on reproductive developmental processes leading
to reduction in yield of vegetable peppers [16,
19]. Furthermore, cold stress generally results in
poor germination, stunted seedlings, yellowing of
leaves, withering and reduced tillering. Therefore,
recently many research work were conducted
to develop methods to screening tolerant plants
from family Solanaceae into abiotic stress in early

growth stages, such as cold [2, 5, 11, 12, 13, 15].

The main strategy of this study was screening
and find out survival ability of pepper genotypesin
early seedlings growth stages on low temperature
tolerance and identified cold tolerant genotypes
for applying in breeding program to develop cold
tolerant cultivar.

Research methods. Experiments were done
in National Institute of Horticultural and Herbal
Science (South Korea), where twenty one pepper
genotypes seeds were sown in 31 January of 2020
in plastic trays containing 1:1 sand: peat by volume
and grown in a glass greenhouse (26/18°C D/N).
Seedlings were divided into two parts. First one
part of seedlings with 3-4 true leaf stage- LS (38
days after sowing) and second part with 4-6 LS
(47 days after sowing) on 8-10 seedlings each
genotype transferred on 09 and 18 March 2020,
respectively into growth chamber, where night and
day temperatures were maintained at 5°C, light
intensity 800 umol m-?s-! (12/12h) and relatively
humidity was within 70%. Pepper seedlings with
3-4 LS and 4-6 LS were treated during 25 days
and 26 days, respectively. All seedlings after day
of treatments (DAT) at low temperature were
transferred into normal treatment (NT) condition
for recovery during 7 days. Leaf cold damages



(LCD) of pepper leaves were measured visual,
where injured leaf part was calculated in % and
divided on 5 grades: grade 1, normal growth- no
damage; grade 2, fewer than 1/4 of the leaves
(>25%) become lightly yellowed-whited or
desiccated-dried; grade 3, 1/4 to 1/2 of the leaves
(from 25 to 50%) become lightly yellowed-whited
or desiccated-dried; grade 4, 1/2 to 3/4 of the
leaves (from 50 to 75%) become yellowed-whited
or desiccated-dried; grade 5, more than 3/4 of the
leaves (>75%) become severely yellowed-whited
or the whole plant dies. Chlorophyll content (CHL)
in leaves of pepper seedlings were measured by
SPAD meter (Konica Minolta, Japan). Statistical
analysis was done with EXCEL 2016 (Microsoft,
WA, USA).

Results. Screening of different pepper
genotypes in seedling stages for cold tolerance at
5°C temperature condition showed that response
of seedlings on cold stress treatment was ranged
depends development stages of seedlings among
genotypes.

First symptoms of leaf cold damages in pepper
seedlings with 3-4 LS and 4-6 LS were determined
within 7 and 12 DAT at low temperature,
respectively. It means that duration of seedlings
survival to low temperature among pepper
genotypes can be increased with increases of age
of seedlings.

In seedlings with 3-4 LS were identified
relatively cold tolerant genotypes LT8 and LT9,
where LCD not exceeded 30.0 and 44.4%, and 62.5
and respectively after 25 DAT at low temperature
(Fig. 1). While, in this growth stage genotypes
LT3 and LT6 distinguished as susceptible to low
temperature on the 14" DAT where it was lethal
and critical period with 100% LCD. There were
not revealed increasing of LCD in cold tolerant
genotypes LT8 and LT9 at recovery period in
normal treatment condition.

However, LCD rate were increased after
recovery of seedlingsat NT condition during 7 days,
where almost in all cold tolerant genotypes LCD
increased from 1 to 3 times than LCD rate at low
temperature (Fig. 3). Whereas, LCD significantly

Figure 1. Changes of cold tolerance in pepper seedlings
with 3-4 LS at low temperature

reduced in cold susceptible genotypes LT1, LT4
and LT3 and showed highest recovery rate 50.0,
38.7 and 21.2%, respectively than LCD on 26th
DAT at low temperature.

Evaluation of changes of chlorophyll content
in leaves under cold treatment condition showed
that low temperature negative impact on CHL
content, but depends on seedling growth stage
and genotype might be ranged. So, the lowest
content of CHL were observed in early growth
3-4 LS seedlings than 4-6 LS (Fig. 4). And, it
was revealed the significant degradation of CHL
among the seedlings 3-4 LS during treatment at
low temperature, while in seedlings with 4-6 LS
identified ranging of CHL values depending on
treatment period and genotype (Fig. 5).

For example, in seedlings of genotypes LT7
and LT8 with 3-4 LS were determined increasing
of CHL index and saved high content during 14
days at low treatment, and then it was reduced, but
it could recover of CHL index on 10.7 and 11.5%
higher compared with initial rate, respectively
after 7 days of recovery at NT.

There were observed decreasing of CHL
during 7 DAT in genotype LT20, but then again it
started to increase and almost reached the initial
rate in the end of investigation. Almost the same
pattern were revealed in LT4 and LT14, but there
was not find any significant relation between
CHL and LCD among seedlings 3-4 LS. Whereas,
shortly period of cold stress treatment induced
a decrease of CHL in plant leaves [8, 13, 14].
However, in our previous studies confirmed that
the CHL content in tomato accessions steadily
increased and was relatively high among plants
cultivated in low temperature than in normal
temperature condition [17].

It is well known that CHL is important
indicators of plant photosystem activity [9, 22] and
play main role in synthesize organic matter and
generate energy [3, 18]. Therefore, it is interesting
to observe the increased CHL contents among
plants grown in low temperature even though
photosynthesis was significantly reduced [17].
Further study necessary to clarify the relationship

Figure 2. Changes of cold tolerance in pepper seedlings
with 4-6 LS at low temperature
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LTS8 (left 3-4 LS and right 4-6 LS)

LT9 (left 3-4 LS and right 4-6 LS)

Figure 3. Changing of cold tolerance of pepper genotypes at different seedling development stages

T

Figure 4. Changing of chlorophyll content in 3-4 LS

seedlings at low temperature
between chlorophyll content and photosynthesis
in low temperature condition. As was mentioned
above, in seedlings of pepper genotypes in 4-6
LS were determined relatively high content of
CHL and ranging depends on genotype than 3-4
LS at low temperature. So, the significantly high
reduction of CHL in comparison with initial rate
on 30.6 and 37.4% were revealed in genotypes LT8
and LT14 in the end of investigation on 26 DAT,
respectively.

Genotypes LT19 and LT20 distinguished with
significant high decreasing of CHL rate 18.3
and 23.0%, respectively after 26 DAT at low
temperature, but they could increase of CHL after
recovery 7 days at NT condition, where index
increased 36.6 and 25.5%, respectively than initial
CHL rate.

Conclusion. Results of screening of pepper
genotypes based on the response of pepper
genotypes to low temperature showed that
response of seedlings on low temperature were

Figure 5. Changing of chlorophyll content in 4-6 LS
seedlings at low temperature

different and ranged among the genotypes depends
on growth stages. Duration of seedlings survival
to low temperature among pepper genotypes
were increased with increases of age of seedlings.
The seedlings in early growth stages were more
susceptible to negative temperature, where the
tirst symptoms of leaf cold damages were revealed
within 7 DAT in pepper seedlings with 3-4 true leaf
growth stage (38 days after sowing), whereas in
seedlings with 4-6 LS (47 days after sowing) were
detected within 12 DAT. It was revealed that the
susceptible genotypes at 3-4 LS can be tolerant in
4-6 LS, or show opposite pattern, where tolerant
one in next the growth stage, plant becomes
susceptible. Also, the same pattern was identified
in evaluation of response of CHL content in leaves
it can be ranged depends on growth stages and
treatment periods.

However, it should be noted that cold
susceptible pepper genotypes in which CHL
reduced significantly during cold treatment,



showed ability to recovery of CHL after treatment
of seedlings at NT condition, whereas cold tolerant
genotypes which had a high CHL during low
treatment can reduce significantly of CHL after
transfer of seedlings to NT condition for recovery.

Genotypes of pepper LT8 and LT9 with 3-4
LS, and LTS8, LT13, LT18, LT20 and LT21 with
4-6 LS selected as cold tolerant, where LCD were
below 45 and 10%, respectively. However, in order
to give a full assessment of tolerance selected
pepper genotypes to low temperatures, further
study of selected cold tolerant pepper genotypes
development is necessary in the next reproductive
organs development stages at low temperature
cultivation.
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CKPVHUIHT PACCAJIBI ITEPIIA OCTPOT'O (CAPSICUM L.) HA XOJIOJOCTOMKOCTD

Pa:xxametoB Illep3og HurmarynnaeBud, xaxd. c.-X.
Hayx, 00KMOopaHm—uccnedosamens, omoesn 0BOUHBIX KYNbmyp,
HayuonanoHeid  Hay4Holil UHCMumym na000080u4e800cmea
U JIeKAPCMBEHHBIX pacmenuti, AOMUHUCTMPAYUS pA36UmMus
cenvckozo xo3aticmaa. FOxcras Kopes.

SAur bIn- Eor*, xaud. c.-x. wayx, pyxosodumens
npoexkma, omoen 080uHbIX Kynemyp, HayuoHanoHeui HayuHslil
UHCIMUmMym na000080u4e800CM6a U JIeKAPCMBEEHHBIX PACMEHULL,
Admunucmpayus paseumus cenvckozo xossucmea. FOxwcnas
Kopes.

Yo Meénr Yeonm, xaud. c.-x. Hayx, 3as. omoenom
ogowHbx  Kynemyp, HayuoHaneHeld HAY4HGUL  UHCMUMYM
nnodoogowesodcmaa u JIeKaPCMBEHHbIX pacmeHuil,
Admunucmpayus paseumus cenvckozo xossucmea. FOxcnas
Kopes.

Ys Cy Ewr, cmapwuii nayunvui compyonux, Omden
ogowHbx  Kynemyp, HayuoHaneHeui HAy4HGUL  UHCMUMYM
nnodoogowesodcmaa u JIEKaAPCMBEHHbIX pacmeHuil,
Admunucmpayus paseumus cenvckozo xossucmea. FOxwcnas
Kopes.

Keour Xé BoOHT, cmapuuil HayuHbill compyoHux, omaoen
ogowHbx  Kynemyp, HayuoHaneHeui HAy4HGUL  UHCMUMYM
nnodoogowesodcmaa u JIeKaPCMBEHHbIX pacmeHui,
Admunucmpayus paseumus cenvckozo xosaucmea. FOxwcnas
Kopes.

* Koppecnondenm-asemop: Az bln- Eonz.

Kntouesvie cnosa: zemomun; paccada,;, memnepamypa;
nospexcoeHue; X10poQuUIL.

B cmamve npedcmaenenst pe3ynomamel CKPUHUH2A
21 zenomuna nepya ocmpozo 6 cmaduu opmupoeanue
3-4 (38 oOwmeii nocne nocesa) u 4-6 (47 Owueit nocne
noceéa) HACMOAWUX NUCMBbEE HA X07000CMOUKOCMD U

NPOOONIHCUMENBHOCD UX GHIHCUBAEMOCU NPU HUSKOU
memnepamype. Boviaeneno, umo peaxuyus paccadst
nepua 0cmpozo K HU3KUM MmeMnepamypam pasaiuvHas
u eapupyemca no zenomunam. Paccada 6 cmaduu 3-4
HacmoAwux aucmoeed 6oJiee 60CNPUMHUUBA K HE2AMUBHBIM
memnepamypam, wem 6 cmaduu 4-6 nucmoes: nepevie
cumMnmomel  noepesxcoeHue  JUCMbE8 OM  HU3KOU
memnepamypet omme4eno Ha cedoMmou u OeeHadyuamori
denv 06pabomxu coomeemcmeeHHo. YCmaHo68eHo, 4mo
eéocnpumyuuesie zenomunst 6 cmaduu 3-4 HacmoAWUX
nucmeed mozym Ovtmv ycmouuuesimMu 6 cmaduu 4-6
HACMOAWUX NUCMbe8 UNU Jce HaOnrodaemcs obpamuas
KapmuHa, K020a X01000CMOUKUI 2eHOmMuUn Modcem Gvimo
eocnpumuueeiM Kk Huskum memnepamypam. Taxsice
NOHUMCEHHAS  MeMNnepamypa HezamueéHo NOGAUANA
Ha codepicanue XA0poduana 6 AUCMBAX, NPU IMOM 6
3aeucumocmu om cmaoduu pazeumus paccadst U zeHomuna
oHo wmeHanoce. Bonee Hu3kuil ypoeeno codepicanue
xnopodunnaommeuenypaccadol 6 cmaduu3—-4Hacmoauwux
JIUCMBES N0 CPABHEHUTO cpaccadoil, umeroujeii 4—6aucmeoes.
Ommeueno, 4mo y c1a60ycmoiiuuesix 2eHOMUN0E 6 nepuoo
evidepicvieanue paccadsl NpuU HU3KOU memnepamype
HAON100an0coL cyuecmeenHoe CHUYCeHUe XA0podunna, Ho
OHU NOKA3ANU XOPOULYT0 CHOCOOHOCMb €20 60CCIMAHOBNEHUS
NpU KYIbMuUBUpoBanuu paccadst 6 HOPMAILHBIX YCIO0BUAX,
mozda Kax y X0/1000CMOUKUX 2eHOMUNOE OMMEHAN0CH
cywecmeennoe  cuHuxcenue  xaopogunna. Coenacro
pe3ynemamom CKPUHUH2A Nepua O0Cmpozo, 6 cmaduu
pazeumus 3-4 Hacmoswux aucmvee Ovinu 6vls6Je-
Hbl OMHOCUMENBHO X0JI000CMOUKUEe 2EHOMUNsl nepya
ocmpoeo - LT8 u LT9 u 6 cmaduu 4-6 nacmoawux nuc-
meee6 — LTS8, LT13, LT18, LT20 u LT21, y xomopobix cmenets
noepejxcoenue JNuUCMbeé OM HU3KOU meMnepamypol He
npesvtuana 45 u 10 % coomeemcmeenno.



