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Construction of a comprehensive evaluation system and screening of indi-

cators for low-temperature tolerance of watermelon seedlings

HAI Tao', SHI Jun’, ZHANG Huafeng’, ZHANG Leichen’, HU Ziwei’, YING Quansheng’, HE Yong',
WANG Yuhong®

(1. College of Horticulture Science, Zhejiang A & F University, Hangzhou 311300, Zhejiang, China; 2. Ningbo Key Laboratory of Char-
acteristic Horticultural Crops in Quality Adjustment and Resistance Breeding/Ningbo Academy of Agricultural Sciences, Ningbo
315040, Zhejiang, China)

Abstract: This study aims to establish a comprehensive evaluation system for the low-temperature tolerance of watermel-
on seedlings and screen key indicators. Through this system, the low-temperature tolerance of watermelon seedlings can
be effectively and accurately evaluated, providing theoretical and technical support for the breeding of low-temperature
tolerant varieties and early spring cultivation. Taking 16 watermelon materials with different genetic backgrounds as the
research objects, the control was achieved by setting up low-temperature stress treatment at 4, 6, 8 and 10 °C and normal
temperature treatment at 25 °C. The cold damage index was used as the screening index to determine the optimal stress
conditions (treatment at 6 °C for 3 days), and the change rate of four morphological indicators of seedlings, namely plant
height, leaf length, leaf width and stem thickness, as well as five physiological indicators, namely superoxide dismutase
(SOD) activity, peroxidase (CAT) activity, malondialdehyde (MDA content, relative electrical conductivity and proline
(Pro)content, under this low-temperature stress condition were measured. Principal component analysis(PCA)was adopt-

ed to reduce the dimension and weight of the indicators. The low-temperature resistance of the test materials was compre-
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hensively evaluated and classified by combining the membership function method and cluster analysis. A prediction mod-

el was established through regression analysis to screen the key indicators. Four principal components were extracted

through principal component analysis, with a cumulative contribution rate of 83.411%. Through comprehensive evaluation
(D value), 16 materials were classified into 3 categories: WMN009, WMNO16 and WMNO003 are of strong low-tempera-

ture resistance type; nine materials, including WMNO010 and WMNO002, are of medium low-temperature resistance type;

four materials, namely WMNO14 and WMNOOS, are of low- temperature sensitive type. Regression analysis further

screened out five key indicators (CAT activity, SOD activity, plant height, leaf length, and relative electrical conductivi-
ty), and established a reliable low- temperature tolerance prediction model (Y=1.012-0.108X3 +0.017X4 +0.195X5 +
0.749X6-0.072X9, R>*=0.983). The comprehensive evaluation system and prediction model established in this study have

important the value of practice in improving the accuracy and practicability of evaluating the low-temperature tolerance of

watermelon seedlings.

Key words: Watermelon; Low-temperature stress; Low-temperature resistance evaluation; Predictive model
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Table 1 Information of the tested watermelon materials Table 2 The classified standard of chilling symptoms
s BB SRV G M kUi IR A FEREIR
No. Material ~ Source No. Material ~ Source Classified Chilling injury symptoms
1 WMNO0O! HHEr 9  WMNO009 H [ Fg 0 TSR
Henan, China Henan, China Asymptomatic
2 WMN002 HA& 10 WMNO10 HifE %8 1 EAUBULE SR ANE ) E I A R 7
Japan Anhui, China The edges of the old leaves turn yellow or shriveled, and
3 WMNO003 1 [E 22 11 WMNOII o [EH s the flowers and leaves are deformed
Anhui, China Xinjiang, China 2 DEGTh R 2 A B AR AL AR TR, oA o) SE AT
4 WMNO004 [ 28 12 WMNOI12 #[EHiT The edges of a few functional leaves are yellowed or shriv-
Anhui, China Zhejiang, China eled, and the mosaic leaves are deformed, while the rest of
5 WMNO005 o [ H it 13 WMNOI3 iy the parts remain intact o
Gansu, China Henan, China 3 Ty DT e W e
6 WMNO06 [ 14 WMNOl4 [ The. edges of the fur'lctlonal leaves are all w'rm'kled or lose
. their green color, while the heart leaves remain intact
Henan, China Japan
IHREM e 2 AR 8, R4, TS, 021
7 WMNO007 [ 4 15 WMNOI5 HA& 4 e +;u$E,\ gk, B, LA H .
The functional leaves turned completely yellow, lost their
Japan Japan .
- LA green color, wilted, and the heart leaves were damaged
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Sy . 5 OS2 T, REAR SV T R S A T
Anhui, China Shandong, China
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The heart leaves were severely damaged, and the plants
were completely wilted or died due to cold damage
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Table 5 Relative change rate of apparent traits at the
seedling stage of different watermelon materials

under 6 °C stress for 3 days %
R P K -5 EY il
Material ~ Plant height Leaflength  Leaf width ~ Stem thickness
WMNO001 -14.53 B -54.86 FG -59.11 C -39.54 CD
WMNO002 -27.91D -32.54 BC -39.41 ABC -20.71 ABCD
WMNO003 -2.13A -35.08 BCD -40.56 ABC -16.43 AB

WMNO004 -26.76 CD -41.70 DEF -39.17 ABC -14.53 AB
WMNO005 -57.98F -48.13 EFG -50.12ABC -8.67A
WMNO006 -4428E -48.24 EFG -49.13 ABC -33.01 ABCD

WMNO007  -940AB -4598 EF -39.29 ABC -27.20 ABCD
WMNO008 -14.66 B -42.68 DE  -39.69 ABC -32.65 ABCD
WMNO009  -9.65AB -20.68A -36.22AB  -28.37 ABCD
WMNO10 -16.85BC -40.00 CDE -44.25ABC -41.02D

WMNO1l -58.63 F —46.46 EFG —43.02 ABC -26.10 ABCD

WMNO12 -36.16 DE —41.67DE  -39.72 ABC -20.10 ABCD
WMNO13 -42.08 E —39.27 CDE —-42.46 ABC -26.61 ABCD

WMNO14 -40.45E -55.30G -53.21 BC  -38.08 BCD
WMNO15 -4095E -34770 BCD -3443AB -18.11 ABC
WMNO16 -12.50AB -28.52B -30.16 A —-33.24 ABCD

6 6°CHNE 3 d A EAEMMEEHA
SOD. CAT j&EMRIEXT T H
Table 6 Relative change rate of SOD and CAT activity
at the seedling stage of different watermelon
materials under 6 °C stress for 3 days %

R SOD ik CAT 51k
Material SOD activity CAT activity
WMNO001 5386 F 97.53 BC
WMNO002 57420 A 106.55 BC
WMNO003 113.92 DEF 32.79 DE
WMNO004 2283 F 24299 A
WMNO005 10.16 F 189.14 A
WMNO006 309.35 BCDE 53.18 D
WMNO007 96.97 EF 42.41 D
WMNO008 -1.85F 1.38F
WMNO009 359.26 ABCD 42.05D
WMNO10 95.85 EF 17.58 EF
WMNO11 395.62 ABC 133.54B
WMNO012 2299 F 101.97 BC
WMNO13 473.81 AB 90.46 BC
WMNO014 134.98 DEF 21336 A
WMNO15 210.99 CDEF 88.70 C
WMNO016 3034 F 50.88 D

WMNO003 F1 WMNO11 [ 4 %) B 5 2 (-1.48% Al
11.11% ) B3 A T Fo At A4k, 158 B 5 40 i Jie 5 8%k
BT . Pro ] DL B2 S B 4 %) 300 1 o 12 AT

.« 44 -

N RE ST . Pro H R MIARAAE 3 DN R AR T A
o, HTA M Eo A 2 B 7 B B,
H WMNO013 (1 254.08% ) F1 WMNO006 (1 168.53% )
F A BB LR, WMINO003 AT WMNO07 1 il 2 R AR
SO S B, A X A2 AR E 5y i) 08 163.12% A
74.89%
&7 6°CHHE 3 d FEIAENMEEH MDA 8.
TR S EHM Pro & 2RHEN TR
Table 7 Relative change rate of MDA content, relative

electrical conductivity and Pro content at the seedling
stage of different watermelon materials under 6 °C

stress for 3 days %
bRl MDA & MAHEEE  Pro At
Material MDA content EC Pro content
WMNO001 -49.54 GH 106.94 A 569.72 BCDE
WMNO002 -9.36 CDE 80.23 B 898.64 ABC
WMNO003 56.26 A -1.481] 163.12 E
WMNO004 -2842F 4393 CD 546.32 BCDE
WMNO005 2033 B 18.97 GHI 583.28 BCDE
WMNO006 -10.99 CDE 33.15EF 1168.53 AB
WMNO007 -49.34 GH 82.05B 7489 E
WMNO008 -56.02 H 99.36 A 213.97 DE
WMNO009 -56.28 H 14.41 HI 255.04 DE
WMNO10 -18.95 EF 34.18 DE 466.85 CDE
WMNO11 -6.03 CD 11111 491.39 CDE
WMNO12 -11.40 CDE 73.42B 812.07 ABCD
WMNO13 -3.79C 26.15 EFG 1254.08 A
WMNO14 -42.43 G 53.61C 350.24 CDE
WMNO15 -15.96 DE 27.66 EFG 339.74 CDE
WMNO16 -43.49 G 23.26 FGH 424.47 CDE

24 ARHEERESIEFNEREL

241 ERS A MGEME TR 4 MBS
Fa bR CRR & K58 250D AT 5 AN AR B AR AR
(SOD JF 1 .CAT 35 PE MDA &5 & FHX HL 5% Pro
SEDBHAT E R M S5 R E 8 fion.
B (CID I BTRR RN 29.945% , FEALE 1 HRim Ml
CAT & 2 AN bR B ER 5 2., P 3 40 (i i
AR (-0.871) 35 — E R (CID I TR E Ny
27.900% , ZEEALF T K TERIAR G LR 3 A
Fa b B B s 13 B, v 80T 48 0 B e I 2 K
(0.772) 5 55 = E B 5 (CID Tk R N 16.070%, &
A5 T SOD WETEA Pro & & 2 MEFR I EIEE
B, o g ar 4 0 B e )52 SOD &1 (0.765) 5 26
VY = 7y (CI4) B T Bk 3 4 9.496% , T E 455 1
MDA & B MEHEEE. 171 4 MEA R 2t ot
BRHRIE 83.411%, KX 4 N E RSB E T IRIATE
RATRIE R IG5 S, I A R 1) 9 AN har
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Table 8 Eigenvector and contribution rate of the
principal components of each index

fjjx CIl C2 CI3 Cl4
Pro ¥ % Pro content(X1) 0.604 0.062 0.628 0.024
MDA & MDA content(X2) 0.512  0.555 -0.221 -0.540
CAT 3%k CAT activity (X3) 0.707 —0.129 -0.355 0.469
SOD i 4 SOD activity (X4) 0.247 0.402 0.765 0.101
¥k Plant height(X5) -0.871 -0.051 -0.093 -0.184
K Leaf length(X6) -0.529 0.772  0.171 0.175
9% Leaf width(X7) -0.522  0.703 -0.034 0.357
254 Stem thickness(X8) 0.387  0.619 -0.491 0.228
AFDR R -0.218 —0.738 0.107 0.297
Relative electrical conductivity (X9)

FEEME Eigenvalue 2695 2511 1.446 0.855
TTHk 3 Contribution rate/% 29.945 27.900 16.070 9.496
ES Wi 29.945 57.845 73.915 83.411

Cumulative contribution rate/%

242 HNEHAARE R LE AR R E Y
Gy W&t A R 2 : ) (3D 43 5 45 AN [R] 75 T
I LR SRR E I TR 18 70 CLATS & R EUE 1
(). RIS LRG FEAR A DTk, FI A 24 204K
B LR RS BCE , FARYE A G716
A7 P56 TRk e 0 A1 A 2 4 VA B (D D (3R

9) o ARHE D A KN I NI IR AT VA0, D E
K, 3R B IR PR i, Je 2 BRES . RIE, 16 40 7
IR A R A1 3k 2 5% 55 4K 4 9 - WMINO009>WMNO016>
WMNO003 > WMNO10 > WMNO002 > WMNO013>
WMNO008 > WMNO015 > WMN007 > WMNO006>
WMNOII > WMNOI2 > WMNO00l > WMN004>
WMNO14>WMNO005. KRR #2507 D AH T
B (B 2) ERRERIE B 7 (A B T 16 4378
JKME R 3 25 55— 24 WMN009. WMNO16
AOWMNO003, 4y 3 My (% i 4 s 5 = K A4S
WMNO10.  WMNO002. WMNO0I3, WMNO008.
WMNO15. WMNO007. WMN006. WMNO11 Al
WMNO12, s ZE MR IR A 5 55 =254 WMNO001
WMNO004.WMNO14 1 WMNO0O0S5 , A i U,

243 @PEEAR T BRHMGRISARGRE Vil
i 32 7 I P ARG IR 1 G B 4B A , DA D (A R R AR
&2, RO FE 5 AN RIHE R (bR
SOD ¥V CAT & PEAARXT FE 52300, B FL AR G AR 4L
RAENE AR T, AT A B H, ST R T
Y=1.012 - 0.108X3 + 0.017.X4 + 0.195X5 + 0.749.X6~
0.072X9, 77 F2£ ¥ & R R=0.983,5 N5 D 14
A 2% 2% P<0.05 1A B & /KF s s X3.X4.X5.
X6 1 X9 73 4K CAT 35 1 . SOD i M « #k i 1
KA 50X 5 MR TR bR, UEBHIX 5 MRt
52 EVENME 2 RIAELER SR AR S, AT 1B 9P R

®9 16 BANMBERSFS RERBE GETFNE NE HF R E

Table 9 The principal component score, membership function value, comprehensive evaluation value, weight, ranking and

predicted value of 16 watermelon materials

ﬁjttrial CIl CI2 CI3 Cl4 w(X1) 1(X2) 1(X3) u(X4) f;;iﬁ@ EZZ{( ?"[Tlﬁ
WMNO001 -0.128 —-3.677 0.284 -0.545 0.583 0.000 0.559 0.554 0.380 13 0.400
WMNO002 0.460 1.080 1.748 0.957 0.470 0.799 0.923 0.161 0.632 5 0.639
WMNO003 -0.677 2.278 -1.606 —2.254 0.688 1.000 0.088 1.000 0.712 3 0.730
WMNO004 0.840 0.192 -1.662 1.575 0.397 0.650 0.074 0.000 0.374 14 0.357
WMNO005 2919 0.450 -1.960 -0.210 0.000 0.693 0.000 0.466 0.285 16 0.322
WMNO006 1.531 -0.448 1.748 -0.960 0.265 0.542 0.923 0.662 0.530 10 0.536
WMNO007 —-1.878 -1.091 -0.653 0.293 0.917 0.434 0.325 0.335 0.575 9 0.561
WMNO008 —2.275 -1.549 -0.213 0.210 0.993 0.357 0.435 0.357 0.600 7 0.590
WMNO009 —2.311 1.633 0.823 0.596 1.000 0.892 0.693 0.256 0.820 1 0.844
WMNO010 -1.218 -0.536 0.473 -1.322 0.791 0.527 0.606 0.756 0.663 4 0.652
WMNO11 1.774 0.643 0.355 0.009 0.219 0.725 0.576 0.409 0.479 11 0.465
WMNO012 0.487 -0.074 -0.407 0.467 0.465 0.605 0.387 0.289 0.477 12 0.507
WMNO13 1.579 1.065 2.056 -0.115 0.256 0.796 1.000 0.441 0.601 6 0.600
WMNO014 1.264 —2.453 -0.422 0.298 0.316 0.205 0.383 0.334 0.294 15 0.273
WMNO15 -0.094 1.513 -0.495 0.621 0.576 0.872 0.365 0.249 0.597 8 0.592
WMNO16 -2.273 0.972 -0.069 0.379 0.993 0.781 0.471 0.312 0.744 2 0.708
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Fig. 2 Cluster analysis of low temperature resistance of

16 watermelon materials
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