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Abstract: A total of 13 cucumber materials were used to study the relationships of cucumber’ s
chilling tolerance with the 12 growth indices at germination and seedling stages. There existed sig—
nificant differences in the relative germination rate germination index hypocotyl length and vigor
index at 17 °C among the 13 materials ( P <0.05) which also significantly correlated to the chill-
ing tolerance. At seedling stage the physiology among the materials after treated at 4 °C for 2 days
had obvious difference. Chilling injury index had significant correlation with the survival rate after
recovery but less correlation with the soluble protein ( SP) content electric conductivity ( EC)
and superoxide dismutase ( SOD) peroxidase ( POD) catalase ( CAT) and ascorbate peroxidase
( APX) activities. The chilling tolerance of the materials was classified into three levels by cluste—
ring analysis and the cucumber’ s chilling tolerance equations at the two stages were established
through stepwise regression analysis. Based on confidence interval value the chilling tolerance of
cucumber could be well assessed.
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Table 1 Relative germination rate germination index hy-
pocotyl length and vigor index of different cucumber mate—
rials at 17 °C

RGR RGI RHL RVI
Code (%) (%) (%) (%)
Cl 33.3bcde 12. 5bed 796.3bc 103.7b
c2 65.0bed 26.8ab 275.0bc 67.4c
c3 12.5de 4.7cd 271.7be 25.6¢
c4 2.2e 5.1d 294. 1be 4.4d
C5 32.2bcde 14. 3bed 484. 1bc 78.2c
C6 72.2abe 28.3ab 835.5he 225.4b
Cc7 25.0cde 8.8bed 425.9be 40. 1c
Cc8 96.7a 23.4abc 2550.0a 634.0a
c9 80.0ab 16. 1bed 1144.5b 110.6b
Cl10 55.0abed 14. 4bcd 553.9be 83.7¢
Cl1 32. 5hede 10.4bed 789. 1bc 75.9¢
C12 100. 0a 38.3a 575.0bc 165.2b
C13 4.2e 6.0d 112.5¢ 2.0d

Cl: NC76; C2: Chipper; C3: Beit Alpha; C4: Marketmore97; C5: EC1;

C6: EC5; C7: Hazard; C8: Erzaozi; C9: Pingwang; Cl10:
Beijingjietou; CI1: Changchunmici; C12: 18;

C13: SWCCI2. RGR: Relative germination rate; RGI:
Relative germination index; RHL:

cotyl length; RVI:

Relative hypo—
Relative vigor index.
(P <0.05) Different small letters meant signifi—

cant difference among materials at 0. 05 level. The same below.
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Table 2 Correlation analysis among germination indices of
cucumber

RGR RGI RHL RVI
RGR 1
RGI 0.885** 1
RHL 0.633" 0.323 1
RVI 0.687** 0.493 0.940** 1

* P<0.05; ** P<0.01.

The same below.
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Table 3 Eigenvectors of principal components ( PC ) and
contribution rate

RGR RGI RHL RVI
PC Contribution Accumulated
rate (%)  contribution
rate (%)
PC1 0.534 0. 446 0.489 0.525 74.8 74.8
PC2 0.340 0.656 -0.548 -0.392 22.4 97.2
( wj) N (D) (VP)
Table 4 Value of comprehensive index ( CI) subordinate

function values (u) weight (w;) comprehensive evalua-
tion (D) and prediction ( VP) of each material at germina—
tion stage

CI(1) CI(2) wu(1) w(2) D P
Code

C1 -0.345  -0.375 0.262 0.382 0.289  0.287
2 0.256 1.401 0.359 0.845 0.471 0.469

c3 ~1.674 -0.438  0.045  0.365  0.119  0.118
c4 -1.870  -0.486  0.013  0.353  0.091  0.092
cs ~0.609  0.065 0.219  0.49%  0.282  0.281
6 1.379  0.706 0.542  0.664  0.570  0.564
c7 S1132 -0.222 0.133 0422 0.200 0.199
c8 4193 -1.837  1.000  0.000  0.770  0.754
9 0.849  0.006 0.456  0.481  0.462  0.460
c10 —0.171  0.226  0.290  0.539  0.347  0.345
cil -0.546 -0.48  0.229  0.363  0.260  0.258
c12 1.857  1.993  0.620  1.000  0.707  0.703
c13 ~1.952  -0.246  0.000  0.415  0.096  0.096
w; 0.770  0.230

CI(1) .CI(2): PCI.PC2 The val-

ue of comprehensive indices calculated according to eigenvectors of PCI and PC2;

w(1) w(2): CI(1) \CI(2)
of CI(1) and CI(2) . The same below.

The subordinate function values

Cl

Cs 3

Cl11

Ccl0
c7

o |
ci3 —

2 —

9 [—
c6
C8 |
c12 '

0 0.1 0.2 0.3 0.4 0.5 0.6

P  Distance

1
Fig.1 Dendrogram of cucumber chilling tolerance at germina—
tion stage.

Cl: NC76; C2: Chipper; C3: Beit Alpha; C4: Marketmore97; C5: ECI;

C6: EC5; C7: Hazard;, C8: Erzaozi; C9: Pingwang; C10:
Beijingjietou; CI1: Changchunmici; C12: 18;

C13: SWCC12.

The same below.
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Table 5 Chilling injury of seedlings at 4 °C
Code c2 C3 c4 C5 C6 Cc7 C8 Cl10 Cl1 C12 C13
CIl(1d) 2.83 1.67 2.74 2.85 2.17 2.68 3.52 1.67 2.58 2.25 2.35
SRAR ( %) 90.0 100.0 80.0 90.0 62.50 88.0 66.7 100.0 80.0 95.0 75.7
Cll (2 d) 2.32 3.04 3.24 2.13 2.70 3.78 4.45 2.67 2.46 2.82 4.43
SRAR (%) 85.0 80.0 71.4 62.5 80.0 60.0 0 100.0 12.5 87.5 20.0
Cir. Chilling injury index; SRAR: Survival rate after recovery.
6
Table 6 Values of each index before and after low temperature treatment
SP EC (%) SOD
Code CK 1d 2d CK 1d 2d CK 1d 2d
Cl 0.37ab 0.25¢ 0.25a 38.6bc 64.3abed 73.0abc 0.8lc 2.50g 3.59de
C2 0.50ab 0.26¢ 0.33a 37.4bed 57.6¢cd 59.7d 1.42abc 3.29¢cd 3.72h
C3 0.45ab 0.34abc 0.28a 24.0g 40. lef 59.7d 1.21bc 2.65efg 2.91fg
C4 0.32b 0.37abc 0.32a 31.5f 71.8a 59.2d 1. 15be 2.76a 4.71ab
C5 0.41ab 0.32abc 0.36a 32.2¢f 34.8f 56.2d 1.50abe 2.72efg 3.91cd
Co6 0.44ab 0.37abc 0.33a 30.7f 34.9f 60. 1d 1.90ab 3. 1lcde 3.89cd
Cc7 0.44ab 0.30bc 0.27a 34.lcdef  44.2e 56.8d 1.48abc 2.36fg 2.65g
C8 0.48ab 0.25¢ 0.35a 34. 4cdef 68.2ab 66. 6bed 1.89ab 3.37c 5.03a
Cc9 0.51ab 0.43a 0.36a 40.1b 64. 0abed 73. 0abc 1.98ab 4.10b 3.81de
C10 0.58a 0.41ab 0.36a 45.6a 65. 4abc 66. 80bced 1.17be 2.79def 3.73de
Cl1 0.53ab 0.29bc 0.38a 36.7bcde  60.0bed 65. lcd 2.16a 4.31ab 4.31bc
C12 0.45ab 0.25¢ 0.36a 34. 8cdef 67.8ab 77. 1lab 1.55abe 2.20g 3.36ef
C13 0.41ab 0.25¢ 0.31a 33. 4cdef 56. 7Tbhed 80.0a 2.18a 2. 86cdefl 3.43de
POD CAT APX
Code CK 1d 2d CK 1d 2d CK 1d 2d
Cl 11.0c 1.93fg 90. 4bed 23.7bede 19. 7bed 43.0ab 12.00be 4.17be 9.33abc
C2 51.2a 4.44ef 83.3cd 23.2cde 19. 7bed 46.7a 18. 10abc 4.78b 14.04a
Cc3 71.8a 4.00efg 47. 1c¢ 18. 8def 30.8a 34. 0abe 10. 80be 4.11be 7.52bcde
C4 48.8b 10. 00b 240. 6a 27.3abed 18.3cd 29.9¢ 8.41bc 4.17be 8.57abed
C5 12.1c 1.41¢g 151.9abc 13.5ef 25.4abc 40. 4abc 8.79bc 1.50¢ 11.30a
C6 8.8¢ 5.72de 166.9ab 20.2cde 22. 6abed 35. 0abe 22.64a 2.29be 7.55bede
Cc7 12. 3¢ 4.70 e 42.9d 8.3f 29.4a 35. labe 20.70abc 1.78¢ 3.60f
C8 42.4a 8.48bc 101. 2bed 27.0abed 28.4ab 31.2bc 8.60bc 3.50bc 10.40ab
C9 18.5¢ 6.43cde 73.6¢cd 36.0a 14.1d 33.3be 11. 60be 3.76bc 7.61bcde
C10 12.6¢ 7.89bed 43.2d 33.4ab 22.2abced 32.6bc 4.71c 4.36bc 7.29bcde
Cl1 35.7b 15.30a 115. 6bed 33.4ab 28.9a 33.5bc 9.17bc 7.99a 5. 64def
C12 13.5¢ 4.34ef 62.7d 31.0abc 27.2abc 34. labe 5.25¢ 1.53¢ 4.65¢ef
C13 18.4c 15.30a 77.9bed 33. 1ab 23.4abed 28. 8¢ 8.50bc 3.98bc 6. 66cdef
SP: Soluble protein; EC: Electric conductivity; SOD: Superoxide dismutase; POD: Peroxidase; CAT:
Catalase; APX: Ascorbate peroxidase. The same below.
7
Table 7 Correlation coefficients between CII and variation of other indices at different treatment stages
cll SP SOD POD CAT APX SRAR
1d -0.204 0.225 -0.272 -0.375 0.125 -0.261 -0.449
2d -0.092 0.376 -0.126 -0.319 -0.130 -0.135 -0.563"
9) 5 0.545 PC2 \PC3  PC4
91.3% 85% 5 PC5 CAT
8 91.3% 8 0.503.0.495.0.528  0.388.
5 5 ( 9
PC1 SOD  POD 13 5
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Table 8 Correlation coefficients among the relative variations of each index after treatment for 2 days at seedling stage
Sp EC SOD POD CAT APX CII SRAR
Sp 1
EC 0. 106 1
SOD 0.272 -0.251 1
POD 0.288 -0.109 0.029 1
CAT -0.201 -0.270 -0.116 0.073 1
APX 0.275 -0.204 0.448 -0.009 -0.382 1
CII -0.092 0.376 -0.126 -0.319 -0.130 -0.135 1
SRAR -0.034 -0.176 0.073 0.261 0.138 0. 066 -0.563" 1
9
Table 9 Eigenvectors of principal components ( PC) and contribution rates
SP EC SOD POD CAT APX CI SRAR
PC Contribution rate Accumulated
(%) contribution rate
(%)
PC1 0.241 0.248 0.545 0.545 -0. 146 0.449 0.202 0.155 33.2 33.2
pPC2 -0.296 0.503 -0.127 -0.127 0.403 -0.060 0.479 0.482 23.6 56.8
PC3 0.495 -0.178 -0.345 -0.345 -0.412 0.255 0.430 0.257 14.0 70.9
PC4 0.528 -0.387 0.167 0.167 0.526 -0.432 0.163 0.161 12.2 83.1
PCs 0.266 0.275 -0.126 -0.126 0.388 0.276 0.251 -0.730 8.2 91.3
10 (cn . ()~ (w). (D) (VP)
Table 10 Value of comprehensive index ( CI) subordinate function values (u) weight (w;) comprehensive evaluation
(D) and prediction ( VP) of each material at seedling stage
Ci(1) CI(2) CI(3) CI(4) CI(5) w(1) w(2) u(3) u(4) w(s) D vp
Code
Cl1 1.844 -1.081 -2.213 0.444 -0.208 0.822 0.246 0.000 0.724 0.339 0.490 0.520
C2 0.459 1.943 0.030 -0.183 -0.089  0.555 1.000 0.613 0.546 0.381 0. 662 0. 669
C3 -0.869 0.067 -0.109 0.256 -1.155 0.298 0.532 0.575 0.671 0.000 0.424 0.454
C4 2.765 -1.469 0.365 1.413 -0.329 1.000 0.149 0.705 1.000 0.296 0.671 0.694
C5 1.167 1.162 1.121 1.072 1.641  0.691 0. 805 0.912 0.903 1.000 0.811 0.839
C6 -1.126 0.587 0.598 0.836 -0.651 0.249 0.662 0.768 0.836 0.180 0.508 0.532
Cc7 -2.414 1.654 -1.925 0. 847 0.397  0.000 0.928 0.079 0.839 0.555 0.415 0.445
C8 —-0.045 -2.066 -0.647 -1.098 0.974  0.457 0.000 0.428 0.286 0.762 0.339 0.374
c9 -1.077 -0.224 0.352 -0.664 -0.679 0.258 0.460 0.701 0.409 0.171 0.391 0.431
C10 2.387 1.803 -0.036 -2.102 -0.413  0.927 0. 965 0.595 0. 000 0.266 0.702 0.728
C11 -0.911 -0.188 0.520 -0.578 1.096 0.290 0.469 0.747 0.434 0. 805 0.472 0.503
Cl12 -0.252 -0.197 1.445 0.363 -0.797 0.418 0.466 1.000 0.701 0.128 0.532 0.573
C13 -1.931 -1.986 0.502 -0.608 0.217  0.093 0.020 0.742 0.425 0.491 0.254 0.259
w; 0.364 0.259 0.153 0.134 0.090
AY AY D
( 10).D
D 13 :
D 13 D =0.9361 +0.3777X, -0.1062X, +0.0269X, +
I 0.039X, +0. 1378X, —0. 1048X, +0. 1037X, (2)
C5 | C2.C4 X ~ XX ~ X SP.EC.SOD.POD.
C10 ; ( 2). APX N
2.2.3 (D R’ =0.9953.

13
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Table 11 Comprehensive evaluation of cucumber chilling tolerance at different growth stages
Germination stage Seedling stage
Rank D D
Code Mean of Confidence Code Mean of Confidence
D value interval D value interval
I C8 >Cl12 0.739 (0.652 0.826) C5 0.811 0.811
I C6>C2>C9 0.501 (0.383 0.619) Cl0>C4 >C2 0.679 (0.637 0.720)
1 Cl10>Cl >C5>CII > 0.210 (0.017 0.404) Cl12>C6>Cl >Cll > 0.425 (0.252 0.598)

C7>C3>CI13>C4 C3>C7>C9>C8>Cl13

Cl 518-19
Cs :L
cip ——
Cl2
c7
c9
C8
Cl13 5
Cc2 :|
c4
1o 25 ~30 C
L . . . : (13 ~17 °C) .
1] 0.2 0.4 0.6 0.8
PE ¥ Distance
20 8
2 13 C
Fig.2 Dendrogram of cucumber chilling tolerance at seedling
stage. 15 C 4
(vP) (D) : 13
0.9977 15 C.17°C 18C 3
. 15 C ;
2.3 18 C
11 17 C
C8 C12 17 C
4
D
: (1) 13 3
D >0.6518 0.4041 <D <0.6518 4 C
D <0.4041 ; (2) 1721 Chung *
D >0.8106 0.5982 <D <0.8106 4 C
D <0.5982
3 6821 .
Al 4

1-416-17
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