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Analysis on Growth and Features of Varieties Collected in Korea and
Abroad for Growing Tea Trees with Cold Hardiness at High Altitudes

Nam-Kee Heo*, Kwang-Jae Lee, Hee-yeon Kim, Sang-hyen Leem, Heon-Joo Ham,
Kyeng-Hee Kim, Cheol-Hun Lee', and Sang-seob Han®
Gangwondo Agricultural Research and Extension Services, Chunchon 200-822, Korea

'Goseong Agricultural Technology Center, Goseong 219-803, Korea
2Agr}'c‘),llrure & Life Science, Chonbuk National University, Cheonju, 561-756, Korea

Abstract This study investigated the genetic characteristics of tea trec lines collected both in Korea and abroad via
a functional analysis of growing features such as cold hardiness. The purpose of this study was to determine the
conditions required for the stable cultivation of tea trees in Goseong at high altitudes and under climatic conditions less
favorable than those in southern regions. In accordance with the analysis. 8 lines including GS 1 showed stronger cold
hardiness than Yabukida, the standard variety. and the harvest period was faster by | to 4 days compared to Yabukida.
The number of leaves per stock was 102 10 155 in 6 lines. [p accordance with the analysis on indoor freezing (EC), 16
Jines had high resistance to freezing with LTsy (winter killing temperature) from -10.15 to -12.42°C. The total catechin
conteni was 4.79 10 7.16%. similar to or lower than that of Yabukida. However, GS 8 and GS 15 had higher GCg and
ECg values, respectively. The GS 7 and GS 18 lines had lower caffeine content, whereas the tannin content was lower
in the G21 line. RAPD classified the varieties into 3 groups based on 75% similarity. It was found that 3 lines. GS 15,
GS 19 and GS 21, were genetically very similar. It was estimated that 5 lines, GS 15, 16, 19,21 and GS 22, which were

selected according to strong cold hardiness, can be grown as promising lines at high altitudes.
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Table 1. Location of tea tree (Camellia sinensis L.) population

No. Location Collection site or source
GS 1 Jeonnam Sunchang Ingue

2 Jeonnam Yuengkwang Bulgab (Bulgabsa J)

3 Jeonnam Gurye Kangyeu (Cheoeunsa)

4 Jeonnam Suncheon SongKwang (Songgwangsa)

5 Chungnam  Nonsan Kanggueng

6 Jeonnam Suncheon juam

7 Jeonnam Yeonnggwang Bulgab (Bulgabsa 1)

8 Jeonnam Naju Dado (Unhungsa )

9 Jeonnam Suncheon Sangsa

10 Jeonnam Naju Dado (Unhungsa 11)

i Jeonnam Suncheon Seungju (Seonamsa)

12 China Habukseong Seokgajang ()

13 China Habukseong Seokgajang (11)

14 China Habukseong Seokgajang (111)

15 Jeonbuk Jeongeub heungdeok (1)

16 Jeonbuk Jeongeub heungdeok (11)

17 Jeonbuk Jeongeub Sabnae

18 Jeonnam Jangheung pansan (Cheongwansa)

19 Jeonbuk Gunsan Hoihyun

20 Jeonnam Gurye Ganjeon (piagol)

21 Jeonnam Goksung Osan (gwaneumnsa)

22 Jeonnam Damyang yong (Boriam)

23 Jeonnam Gurye Masan (hwaeumsa)

Yabukita Jeonnam Munan Cheonggye
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Table 2. Operation condition of HPLC instrument

Condition
HPLC/PDA (Waters 2690/996, Waters Co., USA)

YMC-Pak ODS-AM 303
(250 mm x [.LD 4.6 mm, 5 um)

Mobile phase A, 0.1% phosphoric acid; B, methanol

Classification

Instrument

Column

}
Column 35%
temperature
Injection
SulL
volume H
Detector PDA (235 nm)

Gradient table

Time Flow rate (mL/min) A (%) B (%)

initial 1.0 90 10
5 1.0 90 10
7 1.0 80 20
15 1.0 80 20
17 1.0 75 25
45 1.0 75 25
48 1.0 920 10

membrane filter2 o}i}3lo] gallic acid (GA), caffeine,
(-)-gallocatechin (GC), (+)-catechua (C), (-)-epigallocatechin
(EGC), (-)-epigallocatechin gallate (EGCG), (-)-epicatechin
(EC), (-)-gallocatechin gallate (GCG), (-)-epicatechin gallate
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Table 3. Growth condition of tea tree leaves (May. 18. 2010)

No. Grade of frost leaf damage*  Harvesting season ~ Bud length ~ Num. of Bud 100 btnds’ weight  Harvesting Wei ght
0-9) (month/day) (cm) (num./tree) (g) (g/tree)
GS 1 | 5117 42 Sl 12.1 334
2 1 5/18 3.9 129.0 13.5 523
3 3 5117 4.1 99.0 I1.5 342
4 3 5/16 4.8 88.3 19.3 51.2
S S 5119 3.0 47.7 10.7 15.4
6 3 5/19 3.6 35.3 15.6 16.5
7 N ST 4.1 297 18.8 16.7
8 3 517 4.1 31.7 10.7 10.8
9 S 517 4.1 49.7 16.8 25.0
10 3 5717 4.0 100.0 11.8 355
1) 3 517 4.0 67.0 17.1 345
12 withering
13 3 5/18 36 38.7 1.1 12.9
14 3 S/18 39 90.0 13.1 35.4
15 1 5/18 3.8 155.7 14.0 51.4
L6 1 SN7 4.2 120.0 1.8 425
17 3 5Nn7 4.2 85.0 12.0 30.6
18 3 5/18 39 65.3 1.8 23.1
19 ) 5117 4.0 107.0 19.5 62.5
20 3 517 4.3 51.0 16.9 25.8
2] 1 5/18 39 138.0 19.2 79.6
22 ] 517 4.2 102.0 14.9 45.5
23 | 517 4.0 47.7 17.1 24.5
Yabu. 5 5120 42 37.0 15.4 17.1

*Grade of frost leaf damage: 0 (none), 1 (less than 1%), 3 (1~10%), 5 (10~30%). 7 (30~30%), 9 (more than 50%).
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Table 4. Cold hardiness test of tea leaves
- : pl‘OCCSSlIl.g temp. (EC//EC,) EC//EC; graph LTs
| 4°C -10 -15 -20 -25 -30
GSI 0.13 0.26 0.72 0.68 0.44 0.81 v -0.0273x% + 0.245x + 0.1468 -9.69
2 0.14 0.24 0.65 0.64 0.79 0.83 y=-0.()4|4x2 +0.3803x - 0.0589 -8.93
3 0.15 0.19 0.64 0.82 0.81 0.82 y=-0.076|x: +0.5999x - 0.3062 -12.21
4 0.15 0.47 0.74 0.83 0.79 0.85 y=-0.0393x: +0.3167x +0.2176 -8.31
5 0.14 0.15 0.76 0.76 0.85 0.87 y= -0.0779x° + 0.6196x - 0.3237 -12.22
6 0.19 0.43 0.82 0.77 0.83 0.82 y= 0.0494x” + 0.3732x + 0.1571 -8.85
7 0.14 0435 0.66 0.71 0.79 0.87 y= -0.0166x>+ 0.1979x + 0.2825 -7.77
& 0.13 0.29 0.72 0.79 0.78 0.34 y= -0.0603x” + 0.478x - 0.0881 -11.03
9 0.15 0.31 0.75 0.80 0.3} 0.85 y= -0.0605%% + 0.477x - 0.0609 -10.75
10 0.14 0.11 0.79 0.77 0.84 0.84 y= -0.0904x" + 0,693 1x - 0.4131 -12.42
1 0.15 0.58 0.80 0.78 0.85 0.85 y= -0.0247x7 + 0.206x + 0.427 -5.79
12 0.4 0.64 0.76 0.80 0.84 0.83 y=-0.0]77x2 +0.1516x - 0.5138 -4.86
13 0.14 0.25 0.80 0.80 0.80 0.81 y=-0A()763,\’2 +0.5701x - 0.1784 -11.29
14 0.16 0.32 0.86 0.74 0.76 0.82 y;-O.OSS‘)x2 +0.4446x + 0.0141 -10.15
15 0.15 0.18 0.76 0.74 0.77 0.79 y= -0.076x" + 0.5805x - 0.2562 -11.,92
16 0.17 0.22 0.77 0.77 0.82 0.79 y=-0.0787x:+0.5‘)l4x-0,234 -11.65
17 0.15 0.33 0.83 0.78 0.81 0.85 y= -0.0604x” + 0.4641x - 0.0049 -10.24
18 0.13 0.33 0.74 0.77 0.78 0.84 y=-0.0512x2 +0.4123x +0.0196 -10.28
19 0.14 0.24 0.81 0.76 0.77 0.85 y=-0.066x2+0.5]55x-0.1335 -11.23
20 0.13 0.18 0.78 0.81 0.82 0.85 y= -0.0829x” + 0.6359x - 0.3095 -11.99
21 0.20 0.26 0.77 0.80 0.78 0.82 y= 20.0706x + 0,5368x - 0.1505 -11.25
22 0.16 0.24 0.77 0.63 0.70 0.83 y= -0.043x + 0.3681x + 0.0006 -10.82
23 0.12 0.30 0.79 0.74 0.78 0.78 y= -0.0624x" + 0.4704x - 0.0465 -10.64
Yabu. 0.18 0.54 0.80 0.77 0.67 0.78 y=-0.0272xﬁ' +0.1983x + 0.4163 ~-5.92
Table 5. Comparison of cold hardiness in EC testing and field
No. (Lﬁ'i ) ade offrcg(s)t_;at Hnags fact and discord No. (Lt,;_; ) e offr(;;t‘ (l;)af fdamage® fact and discord
GS1 -9.69 ] o GSI3 -1129 3 -
2 -8.93 ) O 14 -10.15 3 -
3 -12.21 3 15 -11.92 ] O
4 -8.31 3 16 -11.65 | &}
S -12.22 3 x 17 -10.24 3 -
6 -8.85 3 x 18 -10.28 3
7 -7.77 5 0] 19 -11.23 | C
8 -11.03 3 - 20 -11.99 3
9 -10.75 S X 21 -11.25 | O
10 -12.42 3 - 22 -10.82 | 6]
11 -5.79 3 23 -10.64 | C
12 -4.86 - o} Yabu. -5.92 N Q

*Grade of frost leaf damage: 0 (non). 1 (less than 1%), 3 (1~10%), 5 (10~30%). 7 (30~50%), 9 (more than 50%).

**GS12: withering.
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Table 6. Comparison of catechin content by lines (%)

NO. cc" EGC? e EGCg" EC” Gcg® ECg” Total catechins

GS | 0.04 £ 0.00 0.41 1002 0.07 £0.01 3.68 +0.01 0.38 £0.02 0.13+0.01 0.96+0.01 5.67
2 0.03 £0.00 0.16 £ 0.01 0.08 £ 0.01 3.52+0.07 0.39+0.03 0.16 £0.01 1.11 £0.04 5.44
3 0.04 £ 0.00 0.22+£0.01 0.09 £ 0.00 3.66+0.13 0.43 +0.03 0.154+0.0] 0.87+0.00 5.47
4 0.04 £ 0.00 0.32 = 0.01 0.08 = 0.00 447 +£0.01 0.48 =0.01 0.13+0.00 0.87+0.02 6.38
S 0.02 £ 0.00 0.20+0.01 0.08 =0.00 3.62=0.29 0.25=0.01 0.14 £0.00 0.88 +£0.02 5.20
6 0.03 £0.00 0.14+0.01 0.07 = 0.00 391 +0.14 0.39£0.01 0.11£0.01 1.23+£0.02 5.87
7 0.03 +0.00 0.24+£0.02 0.06 = 0.00 3.75+0.05 0.39+0.01 0.09+ 0.0l 0.86 +£0.03 5.42
8 0.04 £0.00 0.20+0.0! 0.1) £0.00 4.77+0.18 0.40=0.02 0.180.01 1.01 £0.09 6.71
9 0.04 +£0.00 0.20+0.01 0.09 - 0.00 3.57=0.10 0.45+0.02 0.11 £0.01 0.94 £ 0.03 5.39
10 0.04 £0.00 0.22 £ 0.01 0.11 +£0.01 4.84+0.03 0.48 = 0.00 0.12+0.01 1.31+0.03 7.1
1] 0.03+0.00 0.23 £0.00 0.08£0.01 388x0.10 0.37+0.01 0.10+0.01 0.78 £ 0.01 5.48
13 0.03 £ 0.00 0.14=0.01 0.09 +0.00 3.27+0.10 0.36 £0.01 0.11 £ 0.01 0.79 £ 0.03 4.79
14 0.04 £ 0.00 0.24 + 0.00 0.12+0.00 479+0.18 0.45+0.02 0.16 £0.01 1.25+0.09 7.04
15 0.03 £0.00 0.16 £0.00 0.12£0.0) 4.00=0.05 0.42 =0.00 0.16 £ 0.01 1.36 £0.02 6.26
16 0.05+0.00 0.29 £ 0.00 0.08 £0.00 4.60 = 0.00 0.49 = 0.00 0.12 £ 0.00 1.16 £0.00 6.79
17 0.03 +0.00 0.15+0.01 0.09 £ 0.00 3.56=0.04 0.38 +0.02 0.10 £ 0.01 1.1 £ 0.03 5.42
18 0.03 £0.00 0.18£0.00 0.09 = 0.00 3.62+0.02 0.43 £0.01 0.14 £ 0.00 1.12+0.03 5.62
19 0.04 £ 0.00 0.28 +£0.01 0.10 £ 0.01 495+0.11 0.48 = 0.02 0.12+0.01 1.18 £0.04 7.16
20 0.05 = 0.00 0.19+0.00 0.10+0.0] 4.09 = 0.05 0.34 £ 0.00 0.12+0.00 1.11 £0.05 5.99
21 0.05+0.00 0.24 £0.00 0.10+ 0.00 4.16+0.02 0.43 +£0.01 0.12+0.01 131010 6.41
22 0.04 2 0.00 0.22+0.01 0.11=0.00 449 +0.07 0.47 £0.01 0.13+0.00 1.35+0.09 6.80
23 0.04 = 0.00 0.22 + (.00 0.08 +£0.00 3.53+0.07 0.37+0.0] 0.13+0.00 1.24 £0.10 5.60
24 0.03 +0.00 0.20+0.00 0.06 £ 0.00 2.70+0.04 042 +0.01 0.09 £0.01 0.82£0.05 4.32

Yabu.  0.07 £ 0.00 0.35+£0.01 0.1+ 0.00 5.09 =0.06 0.55=0.03 0.10+£0.01 1.08 £0.00 7.34

*GS12: withering.

UGC: (-)-gallocatechin. “EGC: (-)-epigallocatechin. YC: (+)-catechin. ¥

9GCg: (-)-gallocatechin gallate. "ECg: (-)-epicatechin gallate.

EGCg: (-)-epigallocatechin gallate. "EC: (-)-epicatechn.
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HEIF 0.02~0.06%2 Bl #EEQ) o}T7]1:}_4 0.07%9]
H]3f 22 g}gFo| it Epigallocatechin (EGC) A2 GS
10] 0.41%2 F}ovt ofel A% vlu{EFel off 7|
E}7]- 0.35%K ) o steko 1) Catechin ()% GS

SR=IKe)
Ao]‘(f'lf

, 1574 0.12% 2 743 molot ofxy|ckz) 0.11%09]
B]a}o:] Bl AU Fe EE(0.06-0.12%)S BT

epigallocatechin gallate (EGCg)@} epicatechin (EC)& oF5-
71t} 5.09%2} 0.55%0] B]5}e] 2.70~4.94%2}F 0.25~0.49%
2 Aoz Fo eFojqint. I3y gallocatechin
gallate (GCg)2} epicatechin gallate (ECg)w of27|cho]

Hlﬁ?"# M 5E L B £2g RYET 59 Gl
AL GS 89] 0.18% % 714 =9to, GS 70) 0.09%=2
].XO]— u-oLLI ECgi GS 157l. 136%0 2 7}7\1. Lolo

o GS 24& 0.09%% 71 @HE Aoz BEAw Uk

= 7l 7! @oke ju|ZEQ)l ofR7|th(7.34%)0) 8|
slo] FAIE AT EE 432-7.16%2 WA Z e +&F
< BYAT ECg, GCg 5 |:*'m1°1|*'i et ASE
L pEA EEP Mo 2835 SAHxRPoz p}ﬁ_sl &=
9e Aoz ArEA:

E3Ft gallic acide tB[&E<Q) 0.01~0.03%9%] 2322

A o B2 ok IIT0.03%)0l ulste] o gL
rebeler. Ake] Ashat She W el GS 7
o) AL 130%= 71 ‘;39\1‘213:] GS 199—] fé—or 1.95%
2 744 Een GS 1, 8, | 19,21, 22 5 8
AT ol EE o}wlc}u ss%)oﬂ w5t %% &
olod ot ofebAI S WAl e alnt Salelle 7))
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Table 7. Comparison of gallic acid, caffeine, polyphenols and
tannin by lines (%)

Gallic acid Caffeine Polyphenols Tannin

GS1 0.02+0.00 1.61+0.01 9.39+0.08 6.89:+0.05
2 002000 ).55+0.07 10.08+0.02 7.58+0.03
3 0.02£0.00 153+0.07 1096+0.28 7.97+£0.10
4  0.02£000 152+003 11.63£0.03 8.86+0.02
5 003+000 158+0.03 9.62+0.14 7.68+0.02
6 0.03x000 158+0.02 1050024 823+0.16
7 0.02+£0.00 1.30+0.01 9.66 +£0.01  6.91+0.0l
§ 0.03£000 175003 12.33+£003 9.88+£0.06
9 002000 1444£009 900+£0.04 6.48. 0.05
10 0.03:0.00 1.70+£0.02 1276=+0.14 10.22+0.03
I 0.02+0.00 1.53+0.05 1026020 7.65+0.08
13 0.02£0.00 1.57£0.02 8.64x0.06 6.44x0.02
14 0.03+0.00 1.73+£0.03 1349026 J1.18+0.02
15 0.03+£000 1.70+£0.02 1222+021 9.84+£0.05
16 0.02+£0.00 1.35£0.01 1313011 10.01x0.04
17 0.02+0.00 147+0.09 1035+0.17 7.90=0.03
18  0.02+£0.00 137+0.02 10.87=0.23 8.25+0.00
19 0.03+£0.00 1.95+£0.04 13.23+0.02 10.93+0.06
20 0.03+0.00 J48+001 1092£0.18 8.70=0.0!
21 0.03+£0.00 1.80+0.01 11.94£0.09 9.17+0.03
22 0.03£0.00 1.89+0.03 12.73£0.12 10.1] £0.16
23 0.03+£0.00 }.52+£006 9.40+003 7.10+0.]1
24 0.01£0.00 1.46=0.0! 7.30x0.06 3540+0.11
Yabu. 0.03+0.00 1.58£0.06 1332+0.J0 10.180.06

*GS12: withering.
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Figure 1. RAPD band comparied by PCR using OPA 16, 19, 20 primers in tea trees (M: size maker).
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