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Correlation analysis of salt damage parameters during watermelon ger-

mination and seedling stages
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(1. College of Horticulture and Landscape Architecture, Tianjin Agricultural University, Tianjin 300384, China; 2. Vegetable Research
Institute, Shandong Academy of Agricultural Sciences/Key Laboratory of Horticultural Engineering of Huanghuai Facilities, Ministry of
Agriculture and Rural Affairs/Shandong Key Laboratory of Mass Open Field Vegetable Breeding, Jinan 250100, Shandong, China)
Abstract: To investigate the correlation of salt tolerance between seed germination stage and seedling stage, and to deter-
mine whether salt tolerance during germination can serve as an indicator for salt tolerance in the seedling stage, 16 water-
melon cultivars were used as experimental materials. Salt stress-related physiological and growth parameters—including
germination potential, germination rate, salt injury index, total fresh masd, shoot fresh mass, chlorophyll content, malondi-
aldehyde (MDA content, and proline content—were measured at the germination and seedling stages. Principal compo-
nent analysis, membership function analysis, and correlation analysis were employed to comprehensively evaluate salt tol-
erance traits at both developmental stages. The results indicated that NaCl treatment significantly reduced total fresh mass
and shoot fresh mass of seedlings, while increasing MDA and proline content. The comprehensive membership function
value at the seedling stage ranged from 0.160 to 0.789. Based on key indicators such as salt injury index, fresh mass,
shoot fresh mass, chlorophyll content, MDA content, and proline content, the 16 cultivars were classified into five salt tol-
erance grades using cluster analysis. Similarly, at the germination stage, the comprehensive membership function values
ranged from 0.043 to 0.830, and the cultivars were grouped into five salt tolerance classes. Correlation analysis between
the average and comprehensive membership function values at the two stages—according to the five-grade classification
system established at the germination stage—revealed Pearson correlation coefficients of 0.727 and 0.826, respectively, in-
dicating a strong positive correlation between salt tolerance at the germination and seedling stages. These findings suggest
that salt tolerance at the germination stage may be a reliable predictor of salt tolerance performance at the seedling stage
in watermelon. The research results provide a theoretical basis for the early screening of watermelon salt-tolerant resource.

Key words: Watermelon; Salt stress; Membership function; Principal component analysis; Correlation

Y HEA: 2025-06-11; 18 [l H#A: 2025-08-11

EEE b 8 gAML RITH (22327213D) « K EAR 2 B BHE0F F0 R 3 4 (20190113) + Ll 2R 48 RO R B A f LA I H
(CXGC2025B08)

EZ N ARIIE, 55, 7R Sl L0 FU A, W90 75 19 9 P IGHDIUE Fl.. E-mail : 1315578804@qq.com

BIEIEE =N, 2, BB 70 00, B 50 05 0 N IR B R B AR B . E-mail : ilyzp 1 @gmail.com

- 163 -



X ISR 5T

hOE R

38 %

PR VE )R A = 5 SR s — K, R R —
FLORFFIE S — AR B 2 R R 28 5 A EL
A, 2022 4, H E P RICGR AR A 138.41 75 hm?,
A L SISGRTRIFR 1) 47.46%, 778N 6 038.61 /i t,
At AL TR 1 60.41% , 4% 44 Bl L 52 i i JIK
AR BRI, BT I e A AR AN AN £ B
WA, R ) A SR AL IR R 28 IR, 4 B A
ARGt , Rk Eh i L AUA 9.5 12 hm?, K [H
EhF AL 990 15 hm?, A7 JE T ARG 51, 35 Hr 35
A 7 1) £ B T 7 TP Ml ) P RF A e e

TERNAE P2, R R B F R G
it 0, 5 e AR R T SRR T RO L T R
FRO%E, RO IE E TCEE R B e A B A . R
RS 7 Vit P R o o O 0 7 SRR O R, P
RFH G AR A SR BRSNS #h 43 o 3 A UK PR R AN B
B, R B AE KR E B OB 0 R e ) A
THIR ZESARIR 25 54 2 et 7G4l i A1)
AR FH S5 B A AT R R 2 0 B S5 T R AT T
™. NI B, B 2 R e 2 R
T I P S BV 10 06 T B 2 S AN Ay i I R
PEIRIAF DG M AS B A

FERR G 561 PPA H, 22 R H 32 B 40 B R SR
Ja& R B M I 7 AT SR A VRN, AT 0T PR & T
o 18] FRFE TEL 52 0], 650 B i Ak K ) AR 2 R B
I P S AER B, H ATTE /N A58 VR LI 3
2 M ZEY BRI MM, H AT

TR TR H 8D o 3 BT RIS #R 7E T 140
ANPE I SRR AE SR8 T AR SE AR SR it —
A 2 A8 N B 2F A R 2 S R RE A S P R
4y H TR B AKCFBUE 1R, EE 20 5 AN
2 55 R PG I b Al e ) L e RO i o A 0
&)y v 39T A0 A 9% 2R R 3 03 20 A RS T
BOLHATER A VR 20 B i 28 300 45 4w BT &6 24
AR SN, 4656 7 28 W S H02 T RE s AR B 04 R4 i
SR LR S DU 4 J5 RO £ 75 I BE U5 - 0 07
A i F 1R BB IRE

1S

1.1 #H

RIET 2024 45 5 A 7E L AR AR B i S i
FURTHEAT , BT R 16 /NP S Al B3R 1 BT s A
NI/
1.2 R
121 ®ANHEFH RABEHXHK T, EH
16 A7 I Fl, DLIE 7K &b B2 R %60 B8, 3056 28 i
150 mmol - L "NaCl {3 IKEH , FIREE 40 ki
Pl $Lit 3840 ki BHART MR ik K52
IR TN 29 °C B 5 90% [ 1wy A 75 L 5 18 Y2 4R
HKIR 2 by B A B2 3R T K 43, B 40 KON H
29 cm FEFEM A, 5555 M N RUZ A4S, LA 1 2
FEAK , FHREWOAE 43 B N 3E 7K A1 150 mmol - L' )
NaCl %R % 5 mL, K 35 77 ML ] 5 8 9 4 v fi
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Table 1 Name and source of 16 watermelon varieties

%y MR TR KU

Number Name of material Source

Y-1 /NP JIK 205 Small watermelon 205
Y-3 /N Xiaolan
Y-5 flf £ Tianwang
Y-6 £%JF Qianyuan
Y-7 4:2E 2K Quanmei 2K
Y-9 X Shuangxing
Y-14 A Qiunong
Y-16 FEVE N Gui watermelon

W AR B 4l B 22 B¢ Shandong Academy of Agricultural Sciences

BV A KT A F] Taiwan Nongyou Seed Company

YL QIRFR T A BR /A 7] Weifang Chuangke Seedling Co., LTD.

U 2 ZR B RO AT R 53T 2 7] Wuwei Antaida Seed Industry Limited Liability Company
H A& HFFf 4 7 Maru Seed Company of Japan

AT L XU Rl B% 474 BR 24 7] Hebei Double Star Seed Industry Co., LTD.

Y5 B R A PR A 7] Weifang Chuangke Seedling Co., LTD.

IR B XA AL B [ 20 7

Horticulture Institute, Guangxi Academy of Agricultural Sciences

Y-17 FEM 2 5 Laizhou 2
Y-24 %k F ¥ Liwangzi

L1 248 3E M T 43R 22 7 Shandong Laizhou Jincheng Seed Company
LR 2 ER P AT IR 5152 ) Anhui Ansheng Seed Co., LTD.

Y-30 W A48 £l # 22 Bt Shandong Academy of Agricultural Sciences
Y-33 I AR 4l Bl 22 B¢ Shandong Academy of Agricultural Sciences
Y-34 IR Ll B 22 B Shandong Academy of Agricultural Sciences

Y-35 21SW1930
Y-37 21A20B30
Y-105 #Jut» Chuxin

I R AL AL 2Bt Shandong Academy of Agricultural Sciences
IR R RF#BE Shandong Academy of Agricultural Sciences
BF g AN R AT BR 2 =) Jinan Weili Seedling Co., LTD.
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Table 2 Composition of improved Hogland nutrients solution

e % IR IR WEITTR IR 2 TR
Macronutrient Final concentration/(mg-L") Micronutrient Final concentration/(mg-L™)
KNO; 607 H;BO; 2.86
Ca(NO;), 4H,0 826 MnSO.-4H,0 2.13
NH,H,PO, 115 ZnSO,-7H,O 0.22
MgSO.- 7H,O 483 CuSO,-5H0 0.08

(NH.)¢M0:0»: - 4H.0 0.02

Na Fe-EDTA 30
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Table 3 Statistical analysis of relative salt damage parameters of each index in watermelon seedling stage

PR =N

. WomAE  WARSE e R b Sﬁfpﬁ con.

Number MDA content Proline content Salt damage index  Total fresh mass Aboveground fresh mass tent

Y-34 1.50 1.13 1.67 0.82 0.81 1.02

Y-1 1.51 1.40 14.00 0.41 0.53 0.93

Y-5 1.58 1.24 12.00 0.54 0.55 0.76

Y-24 1.36 1.28 9.33 0.61 0.61 0.78

Y-35 1.49 227 7.00 0.41 0.42 1.27

Y-7 1.52 2.37 3.33 0.48 0.35 0.99

Y-37 1.60 1.67 11.67 0.33 0.41 0.78

Y-30 1.46 1.37 15.33 0.37 0.39 1.00

Y-33 0.69 1.70 17.67 0.37 0.34 1.02

Y-6 1.22 2.14 14.00 0.34 0.35 0.96

Y-9 0.78 1.47 6.33 0.44 0.46 0.85

Y-16 1.81 2.10 19.33 0.46 0.45 1.00

Y-17 1.20 227 6.33 0.31 0.39 0.91

Y-3 0.99 1.51 9.00 0.48 0.43 0.88

Y-14 1.37 1.11 7.00 0.46 0.49 0.93

Y-105 1.03 2.20 12.33 0.50 0.44 0.94

F4 BT ARG E RS HX R ARE K
Table 4 Correlation of relative indexes of different watermelon varieties at seedling stage under salt stress

bz WolESE WERSE  HRER S g IR iy A o LRSS ey
Index MDA content  Proline content Salt damage index Total fresh mass Aboveground fresh mass Chlorophyll content
[ 1 -0.016 0.016 0.180 0.296 0.064
MDA content
il i 1 0.065 -0.461* —0.633%* 0.447*
Proline content
EHERHH 1 -0.449*% -0.396* -0.047
Salt damage index
SEETE 1 0.883%** -0.058
Total fresh mass
Hb b 6 T R 1 -0.164
Aboveground fresh mass
MR 1
Chlorophyll content

T FRIRTE 0.05 ACT R EHID  ++FRIRAE 0.01 TR EMT. T,

Note: * represents significant correlation at 0.05 level; ** represents extremely significant correlation at 0.01 level. The same below.

i 5 B2 A A G T4 1 SR &k R 45 5 1 B B R A
5T AR N 1.304, TTERFE N 21.734%,
2% 2% B B 2R & & 10 3 R PR, vl LU
2R R B AU Z R & 2 N Eh e T 68 e i 7
m%%%m&&&ﬁ‘“:Aim AR N
1.023, TTHR %A 17.044% , P — B & B 0 6 B1
B B ﬁ%ﬂ%Lﬁ@mﬂ%%ﬁmwm

2.1.3 BN HIELE JHE ;A DHITETEY
g R BUE ML A R E R BUE IR EAT HE T THEAS
H R 6, ¥ HJEREUEIEE N 0.150~0.746, 25 &

SRR B HUETE L 0.160~0.789 , AN [ it ) 4 i 4
- 166 -

HE 2

AROR

fif Eh AR R E 7o 4% A SRR R B AT HE
J¥ 5 Y-34.Y-35.Y-24 fE & 1 =, R B AATTH 4w A
T S A 5 At P B 5

2.2 )RR SFEAM S 1N

221 BANHFHEERG T HET A,
PO Y-34.Y-1.Y-5.Y-24.Y-35 WK ZEH M K 2 F
BT A S, Hed Y-34 (R ZEARNR SRR,
¥JM 93%, Y-3 K FHRUR ZFRFAL, 8 0. Y-30
B R B e, N 8.41 g, Y-17 A, 1N 1.40 g.
222 HNHFIE BT ES AT Z RS

M R RCE S R AR EORL R SEHE A SPSS



X B&HF 5T

1214 IRBAFR, 55 VN 2 B4 40 i A 26 55 S 300 AR G ME 2 i
5 EE T /RSB ER0 E /R 5 B FE AR
Table 5 Principal component factor load matrix of each relative index of watermelon under salt stress

fatw KF 1 ¥ 2 A 3 K¥ 4 HF 5 HF 6
Index Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
4 W% MDA content 0.261 0.348 0.844 -0.298 -0.094 0.261
JHi % 2 % & Proline content -0.725 0.515 -0.045 -0.237 0.384 -0.725
EhEFREL Salt damage index -0.493 -0.459 0.545 0.458 0.200 -0.493
JAMEE R B Total fresh mass 0.893 0.230 -0.071 0.169 0.301 0.893
i _E & % Aboveground fresh mass 0.957 0.096 0.079 0.130 0.080 0.957
442 & i Chlorophyll content -0.301 0.804 -0.014 0.478 -0.187 -0.301
A Eigenvalue 2.640 1.304 1.023 0.628 0.328 0.077
TTHk# Contribution rate/% 43.997 21.734 17.044 10.475 5.472 1.279
Z i FIHRE Cumulative contribution rate/% 43.997 65.731 82.774 93.249 98.721 100.000

&6 EhAME T AR a4 Hf
HMEESHRERHE
Table 6 Subordinate function values of relative salt
damage parameters of different watermelon varieties at
seedling stage under salt stress

13415 I e A fE

%' Average  member- e RRE ﬁfﬂ 4
Number ship Comp reheflswe . Rank
function value membership function value
Y-34 0.746 0.789 1
Y-35 0.563 0.503 2
Y-24 0.408 0.429 3
Y-14 0.418 0.411 4
Y-9 0.443 0.401 5
Y-7 0.390 0.391 6
Y-105  0.439 0.382 7
Y-3 0.419 0.379 8
Y-33 0.460 0.330 9
Y-1 0.345 0.325 10
Y-5 0.286 0.314 11
Y-17 0.316 0.290 12
Y-30 0.337 0.285 13
Y-16 0.294 0.264 14
Y-6 0.306 0.243 15
Y-37 0.150 0.160 16

BAE AT AT, KRIUR B 5 R R LD
FHIEASG, R E S R IF AR R R IEMR,
{EAH SRR (FHIE R 207 318 0.24 1 0.22) 6

o UG TR 75 28 A0 3 AR AR AT T A 40
M, G5 SR 3R 9 Fos, K H B DTk 69.256%
RREFERENEE. REAMRERN R0
BRZIX 99.078% , AT LA ERAR 8 1) 46 K 745 5., T
HORLF R TR R 5 AN 1%, 7T LLZBE AT .
223 ®NFHFIELEJHS>AH SHITETY
& R BUE LA SR8 R BUE AT HE T TS
HR 10, PR JE R EETEF N 0.071~0.878, 27 A

*®7 HEFHASMEREH SR
Table 7 Statistical analysis of each character during
germination stage

i 753?%‘ _ ﬁﬁ? . TR
Number Germination Germination Hundred-
potential/% rate/% grain mass/g
Y-34 93a 93a 4.96
Y-1 56 be 83 abc 3.03
Y-5 73 ab 90 ab 4.45
Y-24 70b 86 abc 3.54
Y-35 70b 80 abc 3.84
Y-7 23 def 40 ef 3.16
Y-37 26 de 43 de 2.96
Y-30 43 cd 63 cd 8.41
Y-33 46 cd 66 be 2.12
Y-6 13 ef 13¢g 3.63
Y-9 23 def 23 efg 3.37
Y-16 13 ef l6g 5.65
Y-17 10 ef 20 fg 1.40
Y-3 of Og 1.74
Y-14 of 3g 3.72
Y-105 0f 3g 4.30

T : FPIAF/NG FREORAE 0.05 KF 2257 83 .
Note: Different small letters in the same column indicate signifi-

cant difference at 0.05 level.

F B R BUEVEE N 0.043~0.830, AN [H] 74 JI A i 2
W S EAF R R K ZE 5o 1R IR LR A SRR oR Bt
1THEF 5 Y-30.Y-34.Y-5 HEA T 3, Fo i 2F BT 25 14
A5 HL A B R B B8, T Y-14.Y=17.Y-3 (R 2 i &R
PEARXT R 2

224 BNHAFMELEREIKLORESH DL
RER R IR AR 16 AN TH SR AT TRk
IINT R IX e SRR 5 AN ER SR . B T 2R
i Eh 5PN Y-345 55 10 280 36 & AN Y-1.Y-35.
Y-24.Y-5; 55 T 2R i £6 s AR Y-30.Y-33 28 IV
BARMH 2R RPN Y-37.Y-7: 55 V R HUR GG 7
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Table 8 Correlation between indices of different
watermelon varieties at germination stage under salt stress

e B R ORI A
b S L .
Ind Germination Germination Hundred-grain
nde

* potential rate mass
KEEH 1 0.97%* 0.24
Germination potential
&S 1 0.22
Germination rate
HRLT 1

Hundred-grain mass

#9 RMBTARAE/N@RMEAFAZSIERERD D
Table 9 Principal component analysis of each index of
different watermelon varieties at germination stage under

salt stress %
. TR it
71N

" Contribution Cumulative

Index .
rate contribution rate

REFH 69.256 69.256
Germination potential
R 29.822 99.078
Germination rate
R 0.922 100.000

Hundred-grain mass

®10 HMETARERE K RMEAZH
BRESHRBERYE
Table 10 The membership function value of salt damage
parameters during the germination stage of different
watermelon varieties under salt stress

1345 I e A LRE SRR R AU

ZTS) . H4
Number Average . . C01npreheT1s1ve . Rank
membership function value membership function value
Y-30  0.878 0.830 1
Y-34  0.657 0.793 2
Y-5 0.570 0.687 3
Y-35  0.493 0.607 4
Y-24  0.471 0.601 5
Y-1 0.395 0.515 6
Y-16  0.498 0.417 7
Y-33  0.268 0.375 8
Y-37  0.289 0.321 9
Y-7 0.299 0.318 10
Y-9 0.298 0.292 11
Y-6 0.296 0.257 12
Y-105  0.327 0.243 13
Y-14  0.270 0.199 14
Y-17  0.079 0.096 15
Y-3 0.071 0.043 16

A AL Y-9.Y-17.Y-16.Y-6.Y-3.Y-105.Y-14.
23 ANAFHRANNBHIRREEZRRERN
EHEXMESH

TR ZF A 5 /N 2R A5 00 2 K B 2 AN &)
IR 5 AN R S5 90 )T 3 45 A SR JE s BB AT
FHSAME BT, S5 R 11 Fiors, B 303 R g ok
HAE 5 25 & S8 bR HOE Y B 2R b AH 0% F Hok 3

0 5 10

0.941, AR 35 1EAH O s 4l w01 2 SR s s B 5
ity SR IR pR BUE I BRI AR R R BOE B 0.951, 2
e S 325 TEAH 5K 5 BT 2 0 A0 &)y i 31 ) 25 S e M
557 1 3 I R BB HEAT A SR 3 A JE B 2
A1 %)) B B B2 2R b A 9% A 003 A 31 0.727 A
0.826 , Hf 2 I AN 1y 1 J) AV it 6 55 20 2 1B IA 31 1 5 A
KA X S e 0 o £k b AR T 2%
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Y14 = L 1
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Fig. 1 Cluster analysis diagram of comprehensive membership function of watermelon germination stage
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Table 11 Correlation between membership function value of different salt damage levels during watermelon germination

and seedling stages

(iER 2 gy
R R

F845 Index Embryonic synthesis

membership function

value

PESIEaD ‘ LRRD
wwmn OOV S
SR B H

Germination average
membership function
value

. . Seedling stage
Seedling stage comprehensive .
. . mean membership
membership function value .
function value

T 2F 2R & S ek B 1
Embryonic synthesis membership function value

BT 27 P-4 5t I e

Germination average membership function value

A W1 s el e A

Seedling stage comprehensive

membership function value

AP 1T 16 5P Jed v A M

Seedling stage mean membership function value

0.941%* 0.727 0.300
1 0.270 0.826
1 0.951**

3 IjA tﬁénl&

FEWTERh W S I SR RO BURR, BAER 230
BEAT TR R PE 3 T AR 618 S AT , i A Kk , Rtk
1 2 AR AT A I 35 ] 20 s 5 IR B A
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TERHRELRR A A PRI A o] DAPE i 01 % e 148
PR, TERA ST R RO i , IR LA R
U8 AR R G AR SRR A R AL IRR I, LA
R ATFR 25 2 P TR A 0] R R PR (0 B2 AR
ARG AR LI SR TIX 4o

VR NIRRT E A R AEVE P2, T B & R
% B S WA BB e 7 5 AR W R A A R O
o CHABFIESE, N MRS R S5EY P
PEIEIR A7 AE B B AH OGP, IR AR ) R B RN
PEAR 100 58 4% 11 T A8 40 40 0 52 453 R P 1) B AR A

W AR B A = SR IS R R
Tt B RS ) S B E B2 4. AR R B T A

A B N, 9538 T T R 5 AR Y - BE
YEFF A E T, N2 5 RS E M B h i TE
BRiEAE. HAp RIS IE R T, H
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