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Change in physiological characteristics and cold resistance evaluation of three cultivars of Camellia
sinensis during natural overwintering period LI Yeyun®, SHU Xiting, ZHOU Yueqin, JIANG

Changjun (Key Laboratory of Tea Biology and Processing, Ministry of Agriculture, Anhui Agricultural
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Abstract: Taking cultivars ‘ Shuchazao’, ‘ Wuniuzao’ and ‘ Pingyangtezao’ of Camellia sinensis (Linn.)
Kuntze as experimental materials, changes in main osmoregulation substance ( soluble sugar, soluble
protein, heat-stable protein and proline) content, antioxidant enzyme (SOD, CAT and POD) activity,
the maximum quantum efficiency of PSIl ( F /F_) and total chlorophyll content in leaf of C. sinensis
during natural overwintering period (from Oct. 2011 to Mar. 2012) were researched, and cold resistance
of three cultivars of C. sinensis was comprehensively evaluated by principal component analysis combined
with subordinate function method. The results show that during natural overwintering period, there is a
regular change in physiological indexes in leaf of three cultivars with the passage of time, and difference
in each index among overwintering stage ( Dec. and Jan.) , pre-winter stage (Oct.) and post-winter stage
(Feb. and Mar.) is generally significant and there is a certain difference in each index among different
cultivars. Contents of soluble sugar, soluble protein, heat-stable protein and proline and SOD activity
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increase firstly and then decrease, and the peak value mostly appears at Dec. or Feb. While CAT and
POD activities, F /F, value and total chlorophyll content decrease firstly and then increase, and all
appear the minimum at Jan. The result of principal component analysis shows that the first principal
component (X1) includes soluble sugar content, activities of SOD, CAT and POD, F /F, and total
chlorophyll content with the contribution rate of 57.97% , and the second principal component ( X2)
includes contents of soluble protein, heat-stable protein and proline with contribution rate of 26. 89% .
The result of comprehensive evaluation shows that during natural overwintering period, the comprehensive
evaluation value of cold resistance of three cultivars all increases firstly and then decreases with the
passage of time, and all reach the maximum at Dec. According to this evaluation, cold resistance of
cultivar ‘ Shuchazao’ is the strongest in three cultivars, that of cultivar ‘ Wuniuzao’ is the weakest, and
that of cultivar ‘ Pingyangtezao’ is between them. It is suggested that during natural overwintering
period, cold resistance of three cultivars tested is consistent with physiological index change and growth
appearance, as a result, comprehensive evaluation method can be used to evaluate cold resistance of C.
sinensis.

Key words: Camellia sinensis ( Linn.) Kuntze; natural overwintering; physiological index; principal

component analysis; comprehensive evaluation value; cold resistance
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Table 1 Change in monthly air temperature during natural
overwintering period ( from Oct. 2011 to Mar. 2012) of Camellia
sinensis (Linn.) Kuntze

Ay SIR/C  Air temperature

Month 15 Maximum % {% Minimum 3 Average
10 A October 22.6 15.0 18.8

11 A November 17.6 10.2 13.9

12 A December 8.3 1.4 4.9

1 H January 5.7 -0.3 2.7

2 H February 6.6 1.0 3.8

3 H March 11.8 5.9 8.8
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Table 2 Change in main osmoregulation substance content in leaf of three cultivars of Camellia sinensis ( Linn.) Kuntze during natural

overwintering period (from Oct. 2011 to Mar. 2012) (X+SD)!

Hby ”I(gﬁﬁai/mg . g']
Month Soluble sugar content

Soluble protein content

ATV PR 5T PEGEH 5 e A B
S /mg - o) frfit/mg - ¢! IR/ ng - g

. Proline content
Heat-stable protein content

M AP G255 Camellia sinensis ¢ Shuchazao’
2011 410 A October, 2011 29.94+0.69¢E
2011 4F 11 A November, 2011 65.01+2.94dD
2011 4 12 A December, 2011 138.30+3.52aA
2012 41 A January, 2012 122.76+1.82hB
2012 4£2 A February, 2012 82.57+4.41¢C
2012 43 H March, 2012 67.73£2.47dD

ZM SRR B4R Camellia sinensis © Wuniuzao’
2011 4F 10 A October, 2011 58.33+0.41¢C
2011 4F- 11 A November, 2011 77.12+3.96hB
2011 4£ 12 A December, 2011 110.38+2. 65aA
2012 4F 1 A January, 2012 109.211.92aA
2012 42 H February, 2012 60.45+1.69cC
2012 4F-3 A March, 2012 51.93+2.04dD

ZEM P SFFHRRL Camellia sinensis “ Pingyangtezao’
2011 4£10 A October, 2011 63.08=0. 35fE
2011 4 11 A November, 2011 93.39+2.45¢C
2011 4 12 A December, 2011 124.64+2.57aA
2012 4£ 1 H January, 2012 115.30+2.32bB
2012 4£2 A February, 2012 85.87+4.42dD
2012 43 A March, 2012 79.51£1.79eD

22.71%2.95¢CD
38.46+1.49bB
56.92+0.72aA
38.23+2.98bB
25.45x1.24¢C
18.14+1.60dD

31.43+0.54bB
32.93+0. 84bB
47.12+3.36aA
32.90=+3.35bB
24.39+2.54cC
15.26+3.63dD

07+0.12dD 16.14+1.81eE
92+0.08bB 27.01+0.76dD
93+0. 12aA 28.56+0.75dCD
+0.20bB 45.51+2.69bB
43+0. 18¢cC 54.19+4.47aA
15+0.03dCD 34.44+4.24cC

DD WD
oo
W
+
=

32+0. 10deCD 15.84+1.67F
66+0. 11bcBC 21.00+0. 68eE
53+0.28aA 24.57=+1.13dD
.17bB 41.32+2.06bB
44+0. 19¢dCD 53.86x1.86aA
00+0. 16eD 30.12+2.46¢C

DD D
Nel
wn
H
=)

25.97+2.32¢CD 2.19+0. 13¢B 13.72+0. 64eC
30.79=+0. 15bB 2.57+0.07bB 19.17+1.73dC
44.43+2.62aA 3.72+0.21aA 20.56=+2. 16dC
29.83+1.92bBC 2.31+0.07bcB 44.59+4.09bA
24.86+1.74cD 2.30+0. 12¢B 51.28+0.36aA
18.95+1. 16dE 2.21+0.28¢cB 36.63+4.60cB

D RIS PR /NG SRR S S B 43 3 3R R SR [F] — S R Ae AN R T 53 18] 2 57 8.3 ( P<0. 05 ) AR 235 (P<0.01) Different small letters and

capitals in the same column mean the significant ( P<0.05) and the extremely significant ( P<0.01) differences in the same index of the same cultivar

among different months, respectively.
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Table 3 Change in antioxidant enzyme activity in leaf of three cultivars of Camellia sinensis ( Linn.) Kuntze during natural overwintering period
(from Oct. 2011 to Mar. 2012) (X+SD)!

A SOD /U
Month SOD activity

CAT #fitk/U
CAT activity

POD i /U
POD activity

RSP EF SR Camellia sinensis “ Shuchazao’

2011 410 A October, 2011 822.80+15.74¢D 306.85+32.00bAB 1 641.70+49.48bB
2011 4 11 H November, 2011 903.02+61.33cCD 349.60+3.72aA 1 911.25+48.04aA
2011 4£ 12 A December, 2011 1 257.81+97.06aA 258.53+7.47heBC 969. 80+43. 68¢E
2012 451 A January, 2012 1254.11+62.89aAB 169.19+9.37dD 615.59+55. 30fF
2012 42 H February, 2012 1 060.37+122.81bBC 248.10+10.35¢C 1 061.03+31.83dD
2012 43 H March, 2012 872.34+34.60cD 340.52+33.43abA 1169.63+7.18cC
FM P B4R Camellia sinensis < Wuniuzao’
2011 4 10 H October, 2011 834.59+111.00cdC 291.44+18.69abAB 1311.92+16. 12bB
2011 4£ 11 A November, 2011 877.62+22.29¢dBC 325.92+30.07aA 1 614.51+59. 14aA
2011 4E 12 A December, 2011 1 149.63+113.07abAB 300.67+21.28aAB 887.39+55.23¢C
2012 4£ 1 H January, 2012 1 154.65+140.67aA 141.03+5.17dD 295.13+25.47¢eE
2012 =2 H February, 2012 966. 11+125. 14bcABC 211.43+17.26¢C 607.09+57.93dD
2012 43 A March, 2012 720.90+21.02dC 282.46+14.59bB 674.26+51.13dD
M SRR SEPH4RR Camellia sinensis “ Pingyangtezao’

2011 4£10 A October, 2011 732.71+23.31¢CD 273.94+10.82bA 1 201.00+47.56bB
2011 4£ 11 A November, 2011 793.44+136.80¢BC 306.55+11.72aA 1 516.57+27.39aA
2011 4F 12 A December, 2011 1 183.28+100.94aA 224.22+13.37¢B 784.83+1.62cC

2012 4£ 1 H January, 2012 1 150.52+45.72aA 83.91+9.55dC 378.96+22. 32F
2012 4£2 A February, 2012 929.46+120.48bAB 206.33+22.84¢B 591.33+7. 15¢E

2012 43 A March, 2012 506.60+60. 19dD 229.64+13.37¢B 660. 13+9.00dD

D EIF0 PR NG TR RIR S B 43 1 3 ) i [ — S8 B 2E AN TR F 33 1) 22 5 8.3 ( P<0. 05 ) Rl 12 3 (P<0.01) Different small letters and
capitals in the same column mean the significant ( P<0.05) and the extremely significant ( P<0.01) differences in the same index of the same cultivar
among different months, respectively.

R4 BEAMEZHE (2011 £10 BE2012 £3 A)3 MNEHBFH B H PST R AR R(F,/F,) MEHEEREHEWL (X2SD) Y

Table 4 Changes in the maximum quantum efficiency of PSII (F,/F, ) and total chlorophyll content in leaf of three cultivars of Camellia

sinensis (Linn.) Kuntze during natural overwintering period (from Oct. 2011 to Mar. 2012) (X+SD)!

AFERF F/F, RIS R S R A/ mg - g7
Ay F./F,, of different cultivars Total chlorophyll content of different cultivars
Vonth SCZ WNZ PYTZ SCZ WNZ PYTZ
2011 410 A October, 2011 0.75+0.03aA  0.7720.03aA  0.73+0.03aA 2.80+0.09aA 2.16+0.04aA 2.69+0.05aA
2011 4F 11 A November, 2011 0.75+0.03aA  0.74x0.02bAB 0.69=0.04bB 2.23+0.31abABC 2.03+0.27abAB 2.23+0.31aAB
2011 4F 12 A December, 2011 0.33+0.05¢C ~ 0.26+0.04dD  0.21=0.05¢E 1.89+0.25¢C 1.26+0.20deCD 1.62+0.27¢C
2012 4F 1 H January, 2012 0.18+0.06dD 0.14+0.03eE 0. 14+0.02F 1.15+0.25¢C 1.08+0.30eD 1.59+0.30cC
2012 42 A February, 2012 0.68+0.04bB  0.56+0.06¢C  0.38+0.06dD 2.06+0.32beBC  1.50+0.33cdCD 1.80+0. 17bcBC
2012 43 A March, 2012 0.75+0.02aA  0.71+0.04bB  0.53+0.12¢C 2.56+0. 15aAB 1.68+0. 16bcBC 2.23+0.33abABC

V'SCZ. 45k ihFh ¢ 47458 Camellia sinensis ¢ Shuchazao’ s WNZ.: Z5BEhAh ¢ 5428 Camellia sinensis ¢ Wuniuzao® ; PYTZ; Z5BShAh ¢ SF B R
Camellia sinensis ‘ Pingyangtezao’ . [RFHASE /NG FRERIKRE F 500 3R 25 5 8.3 (P<0. 05) Al 23 ( P<0.01) Different small letters

and capitals in the same column mean the significant (P<0.05) and the extremely significant ( P<0.01) differences, respectively.

Bl i SOD {54 | CAT # 1 . POD 5% | PS I 5410t
BERAL R (F /F,) RS G2 00 5, THk %3k 5
57.97% AR 0.683 ;55 2 F sy (X2) Ml # ok
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R 1 D AEYIRER RIERS L2 5E T R R A2 1

HEAHRGE AMEaEEARSEMMER S =, 1
RIKF) 26.89% ALE(E N 0.317,

LAV E D FRHUIEMEIN D FE 0 ~ 1 2 ],

POTE 2011 4F 12 HiR B K, 705120 0. 954 0. 829 FiI
0. 868 , W F SR IR YAk XF A 0 78 1 i 4 vy S %8
A AR, MR 3 N R 12 A48 D
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Table 5 Principal component value C(x) , subordinate function value U(x) and comprehensive evaluation value D of three cultivars of Camellia
sinensis (Linn.) Kuntze during natural overwintering period (from Oct. 2011 to Mar. 2012)

fih A6 Clx) (=)
. D

Cultivar Month Xil Xi2 Uil vi2

M AT AR 2011 4F 10 A October, 2011 -3.514 0.375 0.000 0.487 0.154

Camellia sinensis ¢ Shuchazao’ 2011 4F 11 A November, 2011 -1.821 2.023 0.246 0.826 0.430
2011 4£ 12 A December, 2011 2.910 2.872 0.933 1.000 0.954
2012 4F 1 A January, 2012 3.373 -0.505 1.000 0.306 0.780
2012 4% 2 H February, 2012 -0.188 -0.995 0.483 0.205 0.395
2012 43 A March, 2012 -2.372 -0.427 0. 166 0.322 0.215

BRI R B 2011 4F 10 A October, 2011 -1.999 0. 644 0.220 0.542 0.322

Camellia sinensis ¢ Wuniuzao’ 2011 4F 11 A November, 2011 -1.585 1.373 0.280 0.692 0.411
2011 4F 12 A December, 2011 2.244 1.964 0.836 0.813 0.829
2012 4F 1 H January, 2012 3.349 —-1.143 0.997 0.175 0.736
2012 42 H February, 2012 0.434 -1.972 0.573 0.005 0.393
2012 4£3 A March, 2012 -1.729 -1.699 0.259 0.061 0. 196

AW AP AR R 2011 4£ 10 A October, 2011 -2.557 0.222 0.139 0.455 0.239

Camellia sinensis ‘ Pingyangtezao’ 2011 4£ 11 A November, 2011 -1.559 1.128 0.284 0.642 0.397
2011 4E 12 A December, 2011 2.734 1.821 0.907 0.784 0.868
2012 4F 1 A January, 2012 2.848 -1.995 0.924 0.000 0.631
2012 £ 2 H February, 2012 0.736 -1.875 0.617 0.025 0.429
2012 43 A March, 2012 -1.303 —-1.811 0.321 0.038 0.231
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