2025

,38(3):82-87 FE K K X B R 5

DOI:

10.16861/j.cnki.zgge.2024.0478

12 MR M (R SFHAFE A S /S M b3
T W.E2X4.F F,KTFA.KIE
(F SOl RE A IWARE R 266100)

T AR R R TR B TR A 2R 1) R BRI PR, DR B AN ) 3 IR R0 FRTRP I A4 1 ik N T A AL
IR B A 12 AN FD GO BHTIHEA 2R A HR. SRR ARE SR AT 12 AN Rl CRO HIAH
Xof 2B R R SEAMBE R KT HAEAE — E 25, TY 1 BN & 5S35 m T Hft At (R . IR At
B AR WA S T I A AR A2 B, A ] SRR CRO IR S BRE ER B S B ERE R R . 4
HIFN LSRRI, QY30 A IY1 ¥ D {HAHNTH =, 45 il v 0.942 F1 0.774, 1 QY20 A1 QD29 (1) D {H A XL, 43 1
0218 F10.217. FICVEHTEE BRI, & S D H5BA G FEREEMR R E T, % 15,QY30 FIYI [T
ST 34 VA T A SR, 1T QY20 T QD29 [T VA P AR 45 55 o AT 5 45 TR A i 2 VA Tl 5 95 R 5 R 42 40
BLE T AR

SCBEIR T8I MR VA 1 s PTG B 2 s MG R 2R AR 4 1 )

FE 5 S:5642.2 HRFRRRS: A NEHRS:1673-2871(2025)03-082-06

Comparison of combined high humidity and chilling tolerance for twelve

cucumber varieties(lines)at the germination and seedling stage

WANG Bo, QIN Yuhong, LI Lei, ZHANG Shoucai, ZHANG Gongchen

(Qingdao Academy of Agricultural Sciences, Qingdao 266100, Shandong, China)

Abstract: Low temperature and high humidity are limiting factors for the autumn-winter cultivation of cucumber in solar
and tunnel greenhouse. To explore the wet- chilling tolerance of different cucumber varieties (lines), twelve varieties
(lines) were comprehensively compared under controlled conditions. The results showed that obvious differences had
been observed in relative germination rate, relative germination potential, and relative germination index among twelve
materials at 15 °C. The cultivar JY, exhibited significantly higher relative germination index than other varieties (lines).
The identification of wet-chilling tolerance during the seedling stage showed that the growth of cucumber seedlings was
significantly inhibited under wet and chilling conditions, and the antioxidant enzyme activity and malondialdehyde con-
tent varied greatly among different varieties (lines). Comprehensive evaluation results showed that QY30 had the highest
D value of 0.942 and JY1 ranked second with a D value of 0.774. The D values of QY20 and QD29 were 0.218 and
0.217, respectively. Correlation analysis showed that the D value was extremely significantly negatively correlated with
the wet-chilling damage index. The wet-chilling resistance of varieties (lines)JY1 and QY30 was relatively high, while
the relatively wet-chilling resistance of lines QY20 and QY29 was relatively low. These results can provide the basis for
utilization of cucumber wet-chilling resistant germplasm and wet-chilling resistant gene mining.

Key words: Cucumber; Wet-chilling tolerance; Antioxidant enzyme activity; Relative germination index; Seedling stage
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Table 1 Cucumber varieties (lines) used in the experiment

Al (RO A 7R 45 gl A

Variety (line) name Abbreviation Classification Ecotype

QY20 QY20 %2 % Inbred line 7 Southern China-type
QY29 QY29 142 % Inbred line 74 Southern China-type
QY30 QY30 F %2 & Inbred line #5757 Southern China-type
QY31 QY31 %2 % Inbred line #6757 Southern China-type
QY35 QY35 %2 % Inbred line #E77 Southern China-type
QYCI8 QYCI18 J4%2Fh F, Hybrid line #H§ % Southern China-type
QYC415 QYC415 Z&3ZFh Fi Hybrid line £ % Southern China-type
QYC576 QYC576 F&3ZFh Fi Hybrid line £ Southern China-type
)L 1 5 Jinyou No. 1 JY1 425 filt Fy Hybrid line #£]t 7 Northern China-type
faf 2% 56 %% Helanxianfeng HLXF HAZF Fi Hybrid line 464t A! Northern China-type
VERH Yali YL A2 FiHybrid line #£]67 Northern China-type
47 Liixiang LX ZAZF Fi Hybrid line 454t A! Northern China-type

1.2 WAt G E

I T 2023 4F 12 HE 2024 4F 6 HEF B
PR 51 B 5206 = AT
12,1 FEAATRA MR S IR 5T 20 ik
HEAT T ZE B VR 4 1 B e o Pk il i fb 1 1
55 °CIZFR AL 20 min, I F 4 h, B T 52N
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Fig. 1 Grading of the wet-chilling injury severity of cucumber seedlings at the first true leaf stage
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Table 2 Relative germination rate, germination energy

and germination index of different cucumber materials

under wet-chilling treatment

FIXPEZER HIX RS AR AR 4R H
AR Relative Relative Relative
Variety (line) germination germination germination

rate/% energy/% index/%
QY20 18.02 cd 1540 ¢ 5.31 cde
QYC18 0.00 e 0.00 ¢ 0.00 f
QY30 3143b 28.02 ab 7.37 be
QY35 28.12 be 5.63¢ 4.63 cde
QYC415 15.71 cd 6.74 c 2.75 def
YL 41.61b 24.75b 9.03b
JY1 94.41 a 71.56 a 19.89 a
QYC576 3333b 10.00 ¢ 5.89 bed
QY29 15.69 cd 7.44 ¢ 4.49 cde
HLXF 10.59 de 2.38¢ 1.81 ef
LX 00.00 e 0.00 ¢ 0.00 f
QY31 11.83 de 476 ¢ 2.27 def

T AT R AR NS TR Z R R (p<0.05). FIE .

Note: Different small letters in the same column means signifi-

cant difference at 0.05 level. The same below.

JY1.QYC576.QY30. QY20 KR4 EFa B & ,
2w T HAR R R QY30.QYC576.JY 1. YL (iR
A E e BRI, BE R T B QYC18 A i HoAth
okl
2.3 MWHRATEFRHBEXME ST ERSPERE
R T

XoF 38 JIAE o ok w5 S AT 256 L SOD & P L CAT 7
PEVN BB & R IR EOEAT R . S
RUNZR 4 FroR , FEH B & AR XS 258 SOD 3 14 Al
CAT 5P 5 A 1 F fa 2 AH ¢, Horh SOD & 1
R4 E TR S 2 UG, 1T MDA & 25184
PiEFRRUR B35 IEM G, Ak, AN 2205 SOD i
PR EIEASS, A &85 SOD if it 283
FURH

ANTFI B T BHIN A PR AR K 2 B 3T s 5 BT
7N, BT 3 AN FERG IRHIEE 7 38 2.605.1.297.0.534,
TR 5N 52.092%-25.937%F1 10.687% , ZFA 5T
k2N 88.716%, T & ERAF AT R o (Rl 345

#3 ENYEMNEK EEERSELHERY

Table 3 The growth, physiological parameters and wet-chilling injury index of cucumber seedlings

B FRHR T XS 22 A SOD #fift CAT itk B(MDA)Y/ AR R o
Variety (line) Relatlve. R_elatlve stem SOD ?ct1v1ty/ CAT ﬁthVlty/ (nmol - g W_et—ch]llmg
plant height diameter (U-gH (U-gH injury index
QY20 0.774 ab 0.754 ab 283.854 h 398.680 ef 13.962 a 74.695 a
QY29 0.768 ab 0.729 b 284.487 h 536.104 d 13.787 a 40.062 ¢
QY30 0.761 ab 0934 a 773.380 a 757.572 ab 8.291d 7437 ¢
QY31 0.713 b 0.859 ab 279.877 h 300913 g 13.834 a 43221 ¢
QYCI8 0.759 ab 0.883 ab 496.180 ¢ 247.452 h 11.239 be 13.143 ef
QY35 0.791 ab 0.763 ab 333.050 g 382.056 f 10.823 ¢ 60.649 b
QYC415 0.769 ab 0.837 ab 555.090 cd 720.897 b 10.685 ¢ 15.119 ¢
QYC576 0.779 ab 0.750 ab 564.311 ¢ 523.052d 7.467 d 7582 ¢
JY1 0.863 ab 0.871 ab 629.411 b 774.866 a 11.396 be 8.140 fg
HLXF 0.754 ab 0.861 ab 520.113 de 602.719 ¢ 11.603 be 24.404 d
YL 0921 a 0.805 ab 439.422 f 769.481 a 7.335d 8.552 fg
LX 0.836 ab 0.860 ab 595.756 be 432.803 ¢ 12.207 b 15244 ¢
R4 THERIERMEXME DT
Table 4 Correlation analysis of different wet-chilling tolerance indexes

Index height diameter SOD activity CAT activity =~ MDA content injury index
A 51 Relative plant height 1.000

A 2540 Relative stem diameter -0.070 1.000

SOD ¥ SOD activity 0.210 0.676* 1.000

CAT 75 PE CAT activity 0.511 0.203 0.568 1.000

MDA £ i MDA content -0.434 —0.143 —0.591* -0.531 1.000

T4 15 E 55 Wet—chilling injury index ~ —0.355 -0.544 -0.804* -0.539 0.653* 1.000

T *RORAE 0.05 /KPR EAH K.
Note: * represents significant correlation at 0.05 level.
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Table 5 Contribution rate and accumulated contribution
rate of each principal component

HI 3 A 3 A R gy, 4T 3R R By
Mro THE 3 AT R BLE FEA MR 25 &V
W DAE. 3 ANF 5 AL 37N 58.72%-29.24%

SR Jy o RBULRE I 12.04% . D B, VI RERHRITR IS 74 1k 15
comp(?nent Eigenvalue rate/% contribution rate/% ﬁui% 6 ﬁ ﬁ i_\‘ ’ E}E ﬁ ﬁ 12 ﬁj\ﬁ# ﬁt 1%' *4 EP ’ QY3O E(] D
= oo o 00 B 5, N 0.931; H K2 IY 1, D {2 0.768, B HTIX
P A4 R P S R v PR TR . QY20 A1 QY29 i) D
PC2 1.297 25.937 78.029 : .
BN, 20930 0.218 FT 0.217, AKX 4344 K} 1 39
PC3 0.534 10.687 88.716 . N .
MR A RS . A& TRl (RO D {EFIEA 15
e . H208 0o EHEHIEAT AR AP 0T , 45 W D (A1 R
e 011 2016 109,000 S R UM (= —0.801%%,p < 0.01).,
*6 12 AEMNGM(RIMEATN
Table 6 Comprehensive evaluation of twelve cucumber varieties (lines)
mA (R AHF45 4> Component score 3¢ J&{H Membership value D14 He44
Variety (line) C1 2 C3 Ul u2 U3 D Value Rank
QY20 -1.299 -0.540 0.441 0.022 0.417 0.693 0.218 11
QY29 -1.148 -0.869 0.340 0.074 0.319 0.668 0.217 12
QY30 1.556 1.418 -0.634 1.000 1.000 0.426 0.931 1
QY31 -1.363 1.065 0.234 0.000 0.895 0.642 0.339 9
QYCIg -0.412 1.153 -0.406 0.326 0.921 0.483 0.519 7
QY35 -0.725 -0.732 -0.698 0.219 0.360 0.411 0.283 10
QYC415 0.461 0.236 -0.097 0.625 0.648 0.560 0.624 3
QYC576 0.341 -0.693 -2.353 0.584 0.371 0.000 0.451 8
Y1 1.079 -0.142 1.679 0.836 0.535 1.000 0.768 2
HLXF 0.091 0.713 0.114 0.498 0.790 0.612 0.597 6
YL 1216 -1.941 0.337 0.883 0.000 0.667 0.599 5
LX 0.202 0.331 1.043 0.536 0.676 0.842 0.614 4
QY20 T - 59, BNERE L, H D ETE 0350 LLF QY30 Al
QY29 JY'1 MR v PEAH XS 5o, 3R 9280 10, L D {E I FE
gzi :| 0.750 LI Hofth 6 4 kL 2 101, L D {7
QY30 2 FEI2H 0.45~0.63 , i 4R /4 14 HH 45
Y1 J
HLXF 3 WL w '—5 énﬂ:: w
YL
Qveats o = 0 8 TR 4 28 7= o, G 7
QYCLf; FORRRE A WA R — 7 T TR 77 i 5 R
v BRI 7, G T 1 2 1 25 2 DR 2 ) 0
0 5 10 s 20 25 W, AARFIER B AR R E R, EH BT A

WK EG 2§ Euclidean distance
B2 HNEMEHTERESN
Fig. 2 Cluster analysis for cucumber varieties with
different wet-cold tolerance at the seedling stage

W48 DA AT R K4, FEBR KR BS A 5 1,
A 12 MR 8 3 KRECE 2) . Hdr, QY20.
QY29.QY31.QY35 %5 4 {1 MR 42 ¥ it 77 AH X #2

« 86 -

TAEARRR A 26 AT, BT 73R ve A e 3 4
M AR . 2 RRY, 12 DPAF A
AR B I i it CRO BRI 74 VEAFAE B B 25 57 T v
USRI Rl CRRD 55 I v PR B 55 B R (RO AR
PU, FE ARG R 27 FR 50 ks S DU ARG I 1 5
AR AR EER MASRE
AN B $0E — 5.



553 1

EoOBGEE 12BN CRO ZF AN 4 1 A

X ISR 5T

b A R B e BRI e AR L, R 3 TR
T R HAVE YA A R PR 2 E B EUER . FR
IBAR R IR N 13 °C, HASA S A (B & 2E IR
FEAFAE 22 570, DR G IE i LR AR IR 25 1F 38 N R
TR R FH R TR MR K E S br , o] LIY)D
TR EE TG A E 1 AEAWT T, s AN
ar M CERO RN B S5 7122 7, SR P AR 2R 32
FEORE 5 F 5 RO 5 2 48 H L 3 LR I 74 R 1A
HAr,QYC18 Ml LX 7RI 15 °CALEE 10 d J5 A BERT
R, TAE IEHRLE N (28 °C) R 2 Z 7 I BEAE 90% A1
70%LA_L X AT RS MF I B S5 1A K. B IEA
R BERRE RS S 07, iR RS H
AT K53 iR E GRS SR A, A 7T o AR A e
GRS G R E Y S U oo N1 = bl

IR BB A AR S TS (ROS) K AR
2, 5 T ALY, R R W, PUR S T
LR b () B3 PR DA oG, i o T 42 B SR AL B
P, AT DAFE = 3 I SI B (R R 8 PR dh Ak, i
T 5% 2 B, T 4t T R0 6o 368 ¥ 0% A i) A ARG
FACBERE AT 22 70 SR, R T A AL BT P
TERRAA A3 5 — B AL T A, AN [F] B[] £
PUEAL BTG PEFR AR , X6 4 s LK . A 7T
T, A ML 0~72 h BN A SOD 6 4 2 4t
TG BT, T CAT WM 258 ETHE TR
B CR R, ARG CRO [R5 E A BGE PEA7F
EZE5, SAT NI e a5 R —8. AR I R A,
TRV AEFE 72 h I SOD Fl CAT %1 5 38 R4 5
TR E ARG, DR, BB A A 72 h f5 e
PUAA IS T SRS VRME (D ()« AR
SRTRIA, SR CROI D 598 A0 55 15 5 2%
S G =-0.801%%, p< 0.01) , i B R H D 1
Eb A 8 I Al (RO TR e A4 M LA T AT 1

BTN 32 ¥ PR — N 2 2 8 TR 32 5 T T 4
R, A FE A KRB B R A AR E
A0 BT 12 4 38 M RBHE 28 0 B 3 1 i
IRAMELRDIAFE, W1 QY20 7E 2 326 B A X i i
A, T AE i 3 2 30 A AHRE AN TS24 5 i B B JIC (9 T
MRV PETEAS [F) A2 K 8 B BERT e 52 A [R] ) ik TR
POl DR b, E B TCRR 988 V4 Vi 07 0B ) I8 485 45 AN [ i)
WM AR KBRS T B A TR

gi L Rrid, i N TR A &0 12
AN TR ST R 20 1 28 B0 i BT 3 74 1k 3 47
EAE, 7 36 HE AFDOOS i 38 74 1 i B (ROQY30 A1 T Y L,
DA K GV AH G BB (1) i R QY20 A1 QY29 AfF 5

45 RO Ja BT v M5 B IR AN 92 74 56 R 42
PHBE T HEA

S E 3k
(1] FRAEAR . 2 TR A (PR R AN 23 2800 7 0 R 0] Hh 3%, 2017,

30(7):1-3.

[21  EREHEZ, VN, A5 TR 5T B 5 R SR 84S 2 R 1
M. o E R, 2024,37(7) :20-28.

(3] kA, BEEE, RER, & TCREMI IR 99 60t St e 1]
[ 3,2020,33(10): 1-8..

[4] ZFRE,E s, WY, 55 . 20 R B i 1 A 3 K o3+
HUAIBT FEE R[] P 53, 2019(5) : 17-24.

[5] GRANGE R 1 ,HAND D W. A review of the effects of atmo-
spheric humidity on the growth of horticultural crops[J]. Journal
of Horticultural Science, 1987,62(2):125-134.

[6]  SEBATRE A LR, /0, S5 0 8 U 3 1At 2 TS 3 P B A
7= P RVRE O B B IR AR ] . b R LR, 2023, 56 (15D«
2907-2918.

(71 204G, 1 IR R A B ICIR ¥4 1 30 A % L 24 5 T o sk
B[] ER32,202006) :23-30.

[8] WANG W X, CHEN L M, LIU Y Q;, et al. Effects of humidi-
ty-cold combined stress at the seedling stage in direct-seeded in-
dica rice[J]. Environmental and Experimental Botany, 2021
(191):104617.

[91 AMIN B, ATIF M J, WANG X, et al. Effect of low temperature
and high humidity stress on physiology of cucumber at different
leaf stages[J]. Plant Biology,2021,23(5):785-796.

[10] H{7KSE, 75, B LA, &5 3 IV 27 S0 w300t v4 M P A 0]
ISP AR AR 24T, 2013,24(7) : 1914-1922.

(U] TR, B, RS, 45 . 3 TR 8 14 T B 325 AR F000
FEEVESL]. T E ARG SR 2022, 24(11) : 87-96.

[12] TS, MR, 5k AT , 45 . BTURIR K 4 Bk J1 38 4% 43 i (1]
T E#E3,2002(3) :5-7.

[13] EffF, R, W, 55 28O 5T K PR PP
L GWAS 73 #t [J]. 48 ) 38 A% B o 4, 2019, 20 (6) -
1606-1612.

[14] YAGCIOGLU M, JIANG B, WANG P, et al. QTL mapping of
low temperature germination ability in cucumber[J]. Euphytica,
2019,215(4):84.

[15] LIC X,DONG SY,BECKLES D M,etal.The gLTG1. I candi-
date gene CsGAI regulates low temperature seed germination in
cucumber[J]. Theoretical and Applied Genetics, 2022, 135(8) :
2593-2607.

[16] ZHAO J,HEY Q,ZHANG H S, et al. Advances in the molecu-
lar regulation of seed germination in plants[J]. Seed Biology,
2024,3:e006.

[17] HARIYADI P, PARKIN K L. Chilling-induced oxidative stress
in cucumber (Cucumis sativus L. cv. Calypso) seedlings[J].
Journal of Plant Physiology,1993,141(6):733-738.

[18] AMIN B, ATIF M J, MENG H W, et al. Biochemical and physi-
ological responses of Cucumis sativus cultivars to different com-
binations of low- temperature and high humidity[J]. Journal of
Plant Growth Regulation,2023,42(1):390-406.

[19] ZHANG W P, JIANG B A, LI W G, et al. Polyamines enhance
chilling tolerance of cucumber (Cucumis sativus L. ) through
modulating antioxidative system[J]. Scientia Horticulturae,
2010,123(3):428.

[20] AMIN B, ATIF M J, MENG H W, et al. Melatonin rescues pho-
tosynthesis and triggers antioxidant defense response in Cucu-
mis sativus plants challenged by low temperature and high hu-
midity[J]. Frontiers in Plant Science,2022,13:855900.

« 87 -



