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Abstract: We selected a cold-tolerant tea tree (Camellia sinensis L.) through reliable evaluation using a number of
cold-tolerance indicators targeting tea tree cultivars such as “Chamnok,” “Bohyang,” “Sangnok,” and “Myungnok” in
response to climate change. We conducted a low-temperature damage investigation, “Chamnok” and “Bohyang” were
damaged investigated with small amounts of green and bright green. “Sangnok” and “Myungnok” were damaged
investigated red and dark red at —10°C. The extent of electrolyte leakage increased as the treatment temperature
decreased in all cultivars. We predicted lethal temperatures through non-linear regression analysis, finding relatively
higher tolerance to low temperature in “Chamnok” (—9.344°C) and “Bohyang” (— 8.883°C) than that in “Myungnok”
(—8.092 °C) and”Sangnok” (—7.632°C). “Bohyang” showed higher levels of antioxidant activity compared to other
cultivars. The lipid peroxidation reaction revealed that “Sangnok” and “Myungnok” had higher MDA content than
that of other cultivars when treated at low temperatures. Consequently, predictions of the lethal temperature through
non-linear regression analysis of “Chamnok” and “Bohyang” were consistent with their tolerance to low-temperature
damage, and antioxidant activity and lipid peroxidation reactions were likewise consistent. The results of this study
can be used not only for evaluation and selection of cold-tolerance of tea trees in response to climate change, but
also in the cultivation of cold-tolerant plants.
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PG5 (Camellia sinensis (L.) Kuntze)= S U-H 3}
(Theaceac)ol] 231 obelt) 4] A= arIs-olc, $-2]uhe}
L AR gAe] SAA 7 E el 9138 ik 2
WF599 B4, 7hE, Bat 5 7|4els} Aol
BH oz sk 9lo], H3e] S8 A7)t A|elEA

Setepo] ZH4s 5 e el Bk Aol of2f9l]

QltH(Hwang and Kim, 2014).
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ward and Willians, 1987; Walck et al., 2011). &+ A4
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39t B3] B Gtz A8 o4 AL A7t
Ui ARSI utkEe

A% st et 53], SERRS
QIgh 712 Ao FFor FHLAT A Hof| A7} g
= Aoz Oﬂéﬂﬂ o‘1:‘r(J1n et al., 2019)
Aol ogk AE9] W= F4 7t ohekRtE, A

E—J A& ol S A2 C’HPQE% A EAIZE, A

AEA7], AEF D AESY 79, A AF
I} EFEA] H}E} OF&}tH(Choi and Lee, 1976). A&
o] Aol =W AEAW Alze] A2 ykehs 7]E
ool whet Fe B AE] thake] Wskrh @AYt o]
b Aj2of gt thefet waf > W B7HE figt
AEZ B8 T 5 otk B B} AERE A2
b Bjo] 2= olgulit], ALo] A3t Algol Q)
Aol o 2 Qlst A3 AN (photoinhibition) &
Q84 W ThREo|= Gl Zasls RO U

QItH(Wise and Naylor, 1987).

AlEo] YA W xR Al 5] de o]
|EH, ol 2k AEH AR Qe Alxuto] E4Eo] &
5= Asid 8E%e S4ske W o|t(Sharom et al,
1994; Maier et al., 1994; Iles and Agnew, 1995; Kim et al.,
2010). A2 €= =4 Hr7PHE vjA3d 3] (nonli-
near regression) S FoF R Z ThoFsE AlE2 Yo ¥
7holl A4 11 Qlch(Ingram, 1985; Anderson et al., 1988;
Cardona et al., 1997; Kim, 2006; Kim et al., 2010; McKeller et
al,, 1992; Jin et al, 2019). 4=2] W3t H7}= ofu|=Ab

W 294 o} RS =St AL A A AR B
S3lE B 2o 584 Tt ATP FHefo] %718t
£ 5 gpnE gavt 48 Weks Ao A
) tH(Green and Ratzlaff, 1975; Perras and Sarhan, 1984;
Fernandez et al., 2012). T3 3FAS} A% 2 x| A kAL
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= %% ZepaE] ZEW [1emx L 11 em x H21 em)oj]
=4 A 5 FERE A8 AAEE o oA S
SO EY A 221(37°00121.1"N 128°47'32.2"E)
of|xf 20208 SHFE 7H7HA] 3711 =3It Figure 1).

r.o.L' F]]I
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] IIH—r“Oﬂ(PI'ObStIHg
and Sakai, 1979), A-2*2]= #-2<21FH| o] E(SH-75BS,
Seyoung Scientific Co., Korea)o]| 4] 20—‘?’—3L 1°CH F3x231
o, AAg] 24 *P£(25°C)~ 2R o], 4°C,
-10°C, -15°Col A TAIZE ez AR & F5E U< 3
7}sl s th(Figure 2).
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Figure 1. The sample used for low-temperature treatment of C. sinensis cultivars

A,‘Chamnok’;

Figure 2. The incubator used for low-temperature treatment to
determine the cold resistance of C. sinensis cultivars.

A TEe Fe 9 o ASAHE A7 st
o] 53 A7 Ax(1=93 e, = 2 100%, 2=10%
T3}, 3=10~50% 4 T3}, 4=50~90% A T3}, 5=2= ¢
o3l <44S] 10% HIRE: 018 stel Suf erastel st
Ak HERS AL F ok 2/d § HoR Qo
A A ?E]EH &) AE Sof Autd ASAE S S0t
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al., 2014).
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B,‘Bohyang’; C,‘Sangnok’; D,‘Myungnok’.

%EOL% %%‘6—]' ] -?J'SH 11—9—5(13]?:)‘_}: ODJ__% 5 gx_}:} 7.(—_-1-;;‘43]-04
22410 mE 7kl 8/\]7}% FRERE B AEE 23
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R

Ak A& AE Alge 121°C°ﬂ/\1 15 P 7\11340}04 =
42 AN F 247 Aeo] Lkt TAE AR
WAjhe] Mafd SEHLw)S 2o 2 Azlo] o
T ZAE ool A8 olgsiol AT WHEE 83
F(relative conductivity, R, %)< WESZ AAFSIATH
(Dexter et al., 1932).

R(%) = Lt %100 (1)
t

tm

A f=T A 2=t BAE Sl A= A
£ A2 = (lethal temperature, LTso) Z2 of| &3}= HHH
S W HPATFLo A AEE L UTH(Jin et al., 2019). o}
2hA A EFol gt A2 AARRES A5 st
o] SZ} $k=9] 7] EA] 2(Yang et al., 2017)0] %4 A5
EE52), MM 71271k, 2=(Tm)E mi7iHs
2 51, APeEE SR 4 35 o]8sto] Altst
9 THKim et al, 2010).
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S — 2)
1+e * (

(100— 2)
+e—k(T— Tm)

fix) =

ELP = 3)
z = baseline level of electrolyte leackage (%)

Tm = temperature at the inflection point (°C)

k = function of slope at the inflection point

T = treatment temperature (°C)

e =2718
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5. Proline &tZf

2E# 20 WgsHe fEjotulidt F proline RS
Ao mEG A Qe AEE SR SHth
25°C, 4°C, -10°C, -15°Col|A] 912 ALAe|al by 2%
W2 Aokl 3~5HA A 22S 0.05 g At ok
5 ml9] 3% sulfosalicylic acid &N} 37 wrxpAbEE=
ZrotE &, 245N S 2 ml 3519 ninhydrin £
T} acetic acid €N Z+z} 2 mIR A7} 8o 100°Co) A]

JES-AZ T 0] % 4°CE] A7He- %oﬂ/q ¥k S % 2] 4] A
toluene &% 4 ml 7}5ko] wHE 5 toluene -§-HZ1F
#slo] B34 %= =4 7|(Libra S22, Biochrome, England)Z
0] 83}l 520 nm T A ZA5H4T)

lm e

6.

o

alicly
A2 ClEass

A5} wao] B AatAl]
et al., 2001). o]&3t A4 wHEE 28+ 2 DPPH
(2,2-dipenyl-1picrylhydrazyl) A& £t A3l 24
T2 ARE 0|83}t Hannah et al., 2005). 25°C, 4°C,
10°C, -15°Co 4] Qo] 7 AE BEue A
HollA 3-5HA Y 22L& 0.1 g0 & ATFet th2 3 ml
o] 120 M DPPH -0 2057} 9IS A7) o] % &
F= =74 7|(Libra S22, Biochrome, England)& ©]-8-35}¢]
517 nm SEOIA 2SI A B S of

el 4 42 olgstel Axkstct.

N

1>

_|_,

DPPH Assay (%) =

_ Abs of sample at 51Tnm
Abs of control at 517Tnm

LAEY A0 2 ZATAS HEE malond1a1dehyde
(MDA) BEAH-& o]&35fo] A5} th(Heath and Packer,
1968). 25°C, 4°C, -10°C, -15°Col|A] ¢lFH|o]Ad 8t L5
Z2Eg AR 3~-5HA Y 22AL 0.1 g A3t
22 ml9] 0.1% TCA g3} §7) upapApute Zofz
, NSNS 1 ml F5le] 4 ml] 20% TCA &
2 H7}ato] 95°Co|| A BFEA| AT} o] 4°C9] A7t
EoA W3S AR T FH =737 (Libra S22, Bio-
chrome, England)E- ©]|-85}¢] 532 nm&} 600 nm 3%
A Z4stich ARIA g S b 4 52

ol-gsto] ALkt

12 Hob

A1 A2Z (2022)

$523nm — Ab:
MDA (uimol) = (Al)50237zn1155 bs600nm ) <1000 (5)
A7 Y o
1. X2 nlsi=

QorRAL= TRkl AT A 2oz Hdsly] w&ol
491 Werole o 4+ gick. el 2Ed Ao o
ojgHsh= Wehge] =8 HrF B2 AREH o
AEe] ojgstel M7 AEE Ao 2 4
AZF dokal HarE vl QJth(Nesbitt et al., 2002).

I R e) A9 25, 4oCol A AL T A4
‘TR E HAZE Fa) glo] AAG B o R 2AbE Q]
o} -10°Col A= A2 Fefie R|4= 37, ‘4R Qlo] Mo
2 wslo] Bou 4o wkHo] Ay|n Bl ARk
-15°Cofl A= A2 el A= = A A e A
AL @Ao] BEES] B de FEE A Jo®
ZALE QI THFigure 3(A), 3(B)].

A o] 49 25°Col A AL TFE A4 1
2 2= JHAZE w3 glo] AR Hgos A
4°Co| A A2 TSl A 22 P A2 wigo] A7
SH7F ZARE AT -10°Cofl A AL Fjsf= X4 3, 4=
slof F2A A2 whgo] A7 F37h 2ARE - -1
S°CoM= A2 s A= 5= A A9 o] FA
Hshs 2aL d4do] WEEe] K 92 FelR IAS=
Aoz zAEQITHFigure 3(C), 3(D)].

olAFe] A& BlajE ZA} AT}, Tt mape] A9
[10°Co 4] lo] FAjo.m wste] e wals} walshel
[Figure 4(A), 4(B)], /=3 "2 49 -10°Cof| A A
A Al Qo] wesoz wate] ozt 2AEI Y
[Figure 4(C), 4(D)].

xMTA e ATERL TG R B
o, i dAL A& A3} 5 FH02 Qe b
L 7154 He7h YAERA 2 Aol AAIE ]
ARtk S A sEFSoR 9lo] ARy o] EAE =AY
< Yoyt dARHE dAN0 Z(Lee, 2004), Hwang and Kim
(2012)=> 1“”—4 gL —4?3‘H oA FEZQ A EAHo]

H o

o > 3
e lo mo rﬂ

¢

Al ZA o] A2 FHAE ol Al
71 e AARA 7} ’\ﬂ_ F= grjste] wjsf F917F A4
oz @8}@/\1 J_/\}o} Ao 2, 3kl A1 Tl QLo

& A& o] AEZAFEo] T
H} NIE}(EI—Tayeb, 2006).

A3 of| A= ‘7‘(1—&-:’31]_ ‘HEPo
g AL w)7F 24

TR

10°Co] 4] #|-&of o]
3L, -15°Colq Hi % A o))
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Figure 3. The visual damage under low-temperature treatment of C. sinensis cultivars.
A, ‘Chamnok’; B, ‘Bohyang’; C, ‘Sangnok’; D, ‘Myungnok’.

*

Visual damage (%) was the value of the number of visual damaged objects compared

to the number of total number of cold temperature treatment objects.
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AE A 2EE ST = QlojA] AlEe] ey 3
o3t 2| EEN A o] LE 1L QrHKim et al., 2014; Jin
et al., 2019).
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Figure 4. The visual damage to leaves under low-temperature treatment of C. sinensis cultivars.
A, ‘Chamnok’; B, ‘Bohyang’; C, ‘Sangnok’;

Wold 45 37183 AL, 4°Cof|A] -10°C A ] F-7F Abo]o
=4 ﬂ | S71sk3ick ol& Sall A &&=k gt

H Rl 4°CoflA] -10°C A 2] 17k Atolof] APt &5

11%011 it WA gtAIde] 9 AR FHrh

4°C Aol A A o] Aalld 8E%2 15.83%= 7f
A =grom, Wb ‘R3O 873%2 A gEFo] 7}
2 AT -10°C Aol A ] dafjd EETF
82.07%= 71 =oron, 2=y} cHEP-O 57.47%, 5824

e r&n:
‘?a

D, ‘Myungnok’.

2 §ARE $20% Uehtti(Figure 5)

£3] 4°C A2l 7oA AW §EFo] /Y w3k A
2 A0CHRIF A 1Y A Sl o 53
£ wr gEust] Qg 259 Ao Bkt U
W, 4°C Ael Pl Aol §Eol 74 ke wa
£10°C AY T NE Be 2Fow 2AHl, THE &
FE Ht A2 Yiol 92 Ao= wekdth

I ARTGSE B WA 2E BT b
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Figure 5. The electrolyte leakage (%) under low-temperature treatment of C. sinensis cultivars.
Different capital (according to cultivars) and small (according to temperature) letters above bar indicate
significant differences according to Duncan’s multiple range test (p=0.05). Bars indicate SE.



Aol ofgt Sl FF A A uid H AR wkE 257

A B E 100
R2=10.9286 R2=10.9612
£ 75 £ 75
@ @
g g
= -9.344°C = -8.883°C
= 50 = 50
] ]
= b3
£ £
225 1 225
= =
0 T — T T T T T 0 — T T T
-15 -12 -9 -6 -3 0 3 -15 -12 -9 -6 -3 0 3
Tempreature(°C) Tempreature(°C)
100 m 100
R2=0.8556 R2=0.8681
S 75 £ 15
@ @
&0 =1
5] 5]
= -7.632°C = -8.092°C
= 50 = 50
= =
= =
£ £
2 25 | 8 25
= =
o " o +—F "7
-15 -12 -9 -6 -3 0 3 -15 -12 -9 -6 -3 0 3
Tempreature(°C) Tempreature(°C)

Figure 6. The electrolyte leakage curves with a four-parametric sigmoid function under low-temperature
treatment of C. sinensis. A, ‘Chamnok’; B, ‘Bohyang’; C, ‘Sangnok’; D, ‘Myungnok’.

FUFE -15°C ofstoll A AAe] & Asjd §&%F
70% o o= YERaL, Wido] Bl whe %
HLpeh SRR A9 80% = A Sl
A vrebgth 2 uskglchJin et al, 2019). 2 Ao A=
o] BE FF2 -15°C A2t A Hafd =gl
80% o/ o= 2AbE o] A IS et 53]
-10°C A 2]Frol|l A =, g Helld §EF 70% ©]
Foz Ueht Aol vt 3 Ao wrkEm,
R B A SEwol 50% oFe R Wt
ol HluA &g Zor ddHch

3. GIEXIAL 2=

A F5E Al = AEle=e] HAE viAl
3 3 A4S St =& A 7] B Ao A
el fFALsHA SAF HEg- 37419 FEiE H 3tk Anderson et
al., 1988; McKellar et al., 1992; Maier et al., 1994; Cardona
et al., 1997; Kim et al.,, 2010). H] A3 3] E4-& F3l A

L

2 AE|rel Ml &
sto] SA} HhgarAle] Mol sdshs 2%=(Tm)E 4
Z51laL, o]t 2= o Halld &7 50% ol
o] 8EH7| Al&slE 2E2A W H7tol A<l
7)o, W APATFoA oS AARERE H7tE L
)tHAnderson et al., 1988; Kim, 2006; Kim et al., 2010).
weba] MR dFete 25(Tm)7l FEes Wt
o] ¢ wth= ouE 7k

o) Al 8572 50%7F €58 2EE AR ER
ASsE Aat At 58 AAR2E 9= -7.63°C ~
-9.34°CE UeElsdth A A 9] o) & AARREE Ht
-7.63°CE T2 FF-5R o Wedo] 7k ofst Zie s
ERLL O™, 95% ol 4] A1E] 7k -7.90 ~-7.37°CE UL
SiCHFigure 6, Table 1). & A A=79] - BE 7Hs
3t M AL =7} -7.36°CEta 3 = Qlrh. Wi 2=’ o] o
ZXAF 2= Fit -9.34°CE 95% oA AlZqL7he
-10.03 ~-8.65°CE XAtE|O] Th 2 ZFE B} Yghdo]

Table 1. The predicted lethal temperature for C. sinensis cultivars.

Estimated lethal emperature (°C)

Confidence limits (95%)

Cultivars (Mean+SE) Lower Upper
‘Chamnok’ -9.344+0.692 -10.031 -8.645
‘Bohyang’ -8.88340.867 -9.738 8.010
‘Sangnok’ -7.632+0.271 -7.903 -7.366
‘Myungnok’ -8.092+0.342 -8.435 -7.759
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o

3t ZI"—:‘. 14101]*1 XHHHElJ- 0%5}_ &(Species) 7rof =
wghd el zfol7 vehd o= Sle& & 4 tkUin et al,
2019).

4. Proline &2k

_Pralol_u]i,q._c_q 0] /;<?_] prolme— /\1‘30] /\EE—“/\ z2A
oA BFSEle] A E= Aoz By vl 9tk E5] A
Ed & o)A wh Ay} A|szuro] AHRQE 2d i) oF
3} 9&-& 3} (Mohamed, 2000; Farshadfar, 2012; Yang,
2017)’ }_\_}%O oloﬂ‘— 0]—‘3]}:;/\]'0] l.—_O U]—E'koi 145]
Th= ® 117} QJti(Beemarao et al., 2007).

ol A& % proline TEFS A HFP, Al
‘Wi pE Z20 Hg| 2%y} WolARE proline &
o] &7}, 1 & <F=af cBIP L -15°C Z ] of A
proline ﬂako] 21.6 mg/g 9 24.4 mg/gO 2, ‘A i
2 19.2 mg/g, 20.4 mg/gO &2 FALE| o], ‘Zi=1} ‘K 3P O]
proline gFeo] A=, ‘= HUTF £ A o2 TAEQL
Ch(Figure 7).

AEds AP FRE A2 AT QoA ofulil
ko] =olxttal 13514 S W(Beemarao et al., 2007),
48 e AASIA, S, 25°CHLIFAN 2

> A =2 proline FF
42 Co A -15CrA 2
o e e AS U 5 e, & A1 e

A1 A2Z (2022)

Aol TetslA] AAH
ARAEL 7VE AEHA

gtch(Lee et al.,
AT A A2l F WA P 2

2014).

o %,EEE Z\_/\}E] iiq-(Flgure 3).

Jk-g-ofl thgt UH7H7<ﬂi*1 LEd
=d||(Salin, 1991),
A8t A 5

1%“3% pALE

53], 30} 8 o] AT AL 4°Co)4] 24.9%,

31.7%= ZAFE] QAL
o], 4°C9] Ak} S =} vl
7F 28 SV A
PALEL T2 4°Col|A] 15.7%, 9.7%E ZA}FE
oA 12.3%, 5.9%= ZAE|0], 4°Ce] AlS} &
e wf st Aol 5] Wopx]
Kim et al.(2009)> AE#H A

227} A S EL =0 Al
=t & Aol E AL A2 Al Y

A vEhd A e AL

, -15°Cof| 4] 58.8%, 56.9%= XA}

o) AL} B4 223
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