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Abstract ; [ Objectives ] This study aimed to screen medium-sized watermelon varieties suitable for cultivation in the saline-alkali soil
of the Yellow River Delta and to construct a comprehensive evaluation system, which should provide theoretical and technical support
for sustainable agricultural development in saline-alkali lands. [ Methods ] Using 10 new salt-tolerant watermelon varieties and the
control variety ‘ Qilin’ as experimental materials,plots of moderate saline-alkali soil(pH8.11,0.326% salinity ) were selected in the
city of Binzhou,Shandong Province for planting. Fourteen indicators related to growth, fruit quality, and yield were investigated and
measured. The salt-tolerance capacity of each variety was comprehensively evaluated using the membership function method,
principal component analysis( PCA) , cluster analysis,and regression analysis. [ Results] Watermelon variety 2120 exhibited the best
growth vigor. 2107 had the highest value of soil-plant analysis development( SPAD)in leaves,the center soluble solid content and the
edge soluble solid content of fruit (68.20, 12.57% and 11.70%, respectively ) , 2116 ranked first in sensory quality score. The
membership function comprehensive evaluation values( D-values) of 2120(0.644) ,2107(0.634) ,and 2116(0.599) were all higher
than that of the control ‘ Qilin’ (0.588). PCA extracted four principal components( cumulative variance contribution rate 78.277%) ,
which were mainly associated with growth yield, fruit quality,rind characteristics, and flowering and fruit setting, respectively. The
comprehensive scores of 2107 (1.434) ,2120(1.300) , and 2116 (0.619) were all higher than that of ‘ Qilin’ (0.444). Cluster
analysis classified the 11 varieties into four categories, with 2112, 2114, 2116, 2107, 2120, 2113 and ‘ Qilin’ grouped into the

category | , showing excellent comprehensive performance. A comprehensive evaluation model based on regression analysis was
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established and could effectively predict the salt-alkali tolerance performance of different watermelon varieties in the Yellow River
Delta saline-alkali regions.[ Conclusions ]2107,2116 and 2120 were identified as salt-tolerant and high-quality watermelon cultivars,
combining high yield and excellent quality traits. The total growth period, SPAD value, edge soluble solid content, yield and length
can serve as critical evaluation criteria for salt-tolerant watermelon varieties.

Keywords : Yellow River Delta;saline-alkali soil region;watermelon ; comprehensive evaluation ;membership function ; principal component

analysis
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Table 1 Comparison of growth performance and yield among tested watermelon varieties

RS TR B-MEETN 2K/em . ZEH/mm SPADfH  PfHi/kg FER/ # CK #4977/ %

Variety Entire growth  The first female ~ Vine length Stem SPAD value  Fruit weight ~ (t-hm™2)  Increased yield

number period flower node diameter Yield compared with CK
2107 93.13" 7.40° 229,974 6.72" 68.20° 3.98bd 4422 -4.93
2111 95.47% 7.87° 214.71° 5.25°¢ 52.53¢ 2.11° 26.92° -42.13
2112 94.13% 7.60° 233.60"° 6.57" 60.73¢ 3.614 42.93¢ -7.71
2113 93.87% 8.27° 223.46°% 6.35" 61.93% 4.12% 45.77% -1.62
2114 93.33% 7.40° 227.43°% 6.54" 61.37" 3.66% 46.76" 0.52
2116 94.80% 7.47° 229.93bd 6.72" 60.77¢ 4.20" 47.63" 2.39
2117 96.07° 8.67° 222.71°% 6.34" 57.70° 3.63¢ 46.40" -0.25
2118 95.40% 8.47° 242.71% 7.47 60.13° 5.17° 58.59¢ 25.95
2119 95.87* 7.93¢ 216.32% 6.13" 56.60° 3.74% 35.364 -24.00
2120 94.40% 8.00° 245.83° 7.34° 66.83 3.611 50.94 9.50

JEER Qilin 95.33 7.93° 226.28°% 6.51" 61.40" 3.91d 46.52%

TE : [ FN B P AN RN B 2R AR R BRI LE 0.05 K128 5 .28, R Il
Note : Different lowercase letters within the same column of data indicate significant differences among different varieties at 0.05 level. The same as
follows.
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Table 2 Comparison of fruit traits among tested watermelon varieties

G AT VELRL 30

S AB/em  MiR/em  RIEREH RIEWME L iy Ao RIGIERE /om  REERE/
REGE WHIER %  TBEE/ %
Variety ~ Longitudinal ~ Transverse  Fruit shape ) Fruit flesh Rind (kgrem™2)
. . . Rind color Central soluble  Edge soluble . .
number diameter diameter index color . ) thickness  Rind hardness
solid content solid content
BEIE I e . . ahe e
2107 et 17.92 135 Dark green wide band with dentate ~ Bright red 12.57 .70 112 12.26
b gty A2 7
2111 20.51 16.62 1.23 ksl " *’} 11.72% 10.42° 1.23% 13.45%
Dark green narrow band Deep pink
212 2348 1731 134 Dark green wide band with dentate  Deep pink 11.81 131 1.23 1278
ey b . e \ \
23 2.8 1988 119 Dark green wide band with dentate ~ Deep pink 12.10 971 1.32 14.65
TR A Lt PAS!
2114 23.97 17.77 1.35 ARk . " *’% 12,07 10.27¢ .18 12.772bede
Deep green narrow band with dentate Deep pink
B Ao At AT
2116 23.35 17.85 1.31 . il Fﬂ% 12.10® 10.47¢ 119 12.98:bed
Light green narrow band Deep pink
=N T . f ab ab
27 2386 16.69 143 Green wide band with dentate Deep pink 11.33 8.63 1.5 14.38
ket 2 . [ ab ede
218 24.63 1737 142 Light green narrow band with dentate Deep pink 10.07 8.80 1.22 11.88
kI ) d i be de
219 2167 17.21 1.26 Light green wide band with dentate ~ Deep pink 10.71 8.60 107 .18
R W b . he bhede
2120 24.29 17.18 1.42 Green narrow band swith dentate Deep pink 11.87 10.71 1.05 12.54
A G A AT
JELEE Qilin 21.71 19.92 1.09 . el 27’(*6], 12.06% 10.42¢¢ 0.91°¢ 10.88°
Light green narrow band Deep pink

24 ZIXANMMRIRERRLEER
PP JTVURE W B Rt , B P23/ INAHL X 2% i AP VR B A 74T 40, 4 2RI 3 s, 2116 J%
B A BER AR R R AAR I AP R RIS T SRS 5] MER T LR KR TSR A
2SR DL, HEA AT R AU 2116 ° BEIBE” \2111.,2120 H1 2107,
®3 SHAEANRMRIRERRBMESR
Table 3 Sensory quality scores of fruits from tested watermelon varieties

mfbgES RIS WImLRdE AlEssG CRAEIG REEH Frfod HURKIR SRARE

53 i

Variety Fruit Pr:ofile Profile Flesh Pulp Seed Taste Pulp Seore Ranking

number appearance fiber hollow color texture number flavor odor
2107 17.3 9.2 10.0 10.0 10.0 8.0 19.0 10.0 93.5 5
2111 18.6 9.1 10.0 10.0 9.6 10.0 18.2 10.0 95.5 3
2112 15.5 9.9 8.0 10.0 9.4 8.0 17.6 9.8 88.2 7
2113 17.8 9.8 10.0 10.0 9.6 9.0 14.8 10.0 91.0 6
2114 16.0 9.2 7.0 10.0 9.2 9.0 17.1 10.0 87.5 8
2116 17.6 9.8 10.0 10.0 10.0 10.0 18.4 10.0 95.8 1
2117 16.8 8.5 10.0 10.0 9.4 10.0 12.6 10.0 87.3 9
2118 17.0 8.0 10.0 7.8 4.4 9.0 10.4 9.7 76.3 11
2119 17.5 8.8 10.0 10.0 6.4 10.0 8.8 9.9 81.4 10
2120 17.0 10.0 10.0 10.0 10.0 9.0 18.8 10.0 94.8 4

JBUBE Qilin 19.6 8.9 10.0 10.0 10.0 10.0 17.1 10.0 95.6

2.5 SiIAEN&EMREREHITMN

Ry 4T S AN [ PG It P s B bR 22 5, e R S P AR 4 SRS T 7 i BB S A 5 1 14 4>
E(ER AN (R A S I e = N AT G VT 7 W ¥V 3 AT G L NE AN A i) N 28 N
PR, D BRSSPl 9 IS TSR & pR AL 25 G 3R I . N3k 4 IR ,2120.,2107 #2116 Z551F
W4T < BBUEE D (EHIR M 0.644 .0.634 F110.599 , 70 W T3 1.2 13 4,
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Table 4 Membership function scores and rankings of tested watermelon varieties

L AT AT

Mg AEEI B HEET A 318 Z5H SPAD fH A s SRR
. . . . . Y27y &84 % it .
Variety Entire growth The first female Vine Stem SPAD Rind
: . Central soluble Edge soluble .
number period flower node length diameter value . ‘ thickness
solid content  solid content
2107 0.753 0.800 0.505 0.657 0.844 0.931 0.935 0.401
2111 0.321 0.667 0.154 0.184 0.125 0.650 0.580 0.191
2112 0.568 0.733 0.588 0.610 0.502 0.680 0.830 0.556
2113 0.617 0.533 0.355 0.540 0.557 0.777 0.397 0.358
2114 0.716 0.800 0.447 0.600 0.531 0.766 0.537 0.451
2116 0.444 0.778 0.504 0.659 0.503 0.779 0.594 0.654
2117 0.210 0.400 0.338 0.537 0.362 0.522 0.082 0.321
2118 0.333 0.444 0.798 0.900 0.474 0.103 0.127 0.377
2119 0.247 0.622 0.191 0.469 0.312 0.315 0.072 0.420
2120 0.519 0.600 0.870 0.859 0.781 0.702 0.659 0.679
JEUI% Qilin 0.346 0.622 0.420 0.590 0.532 0.763 0.579 0.938
YL TR b ;200 3 Lif 5 o Wiz e E AR D HE4
Variety Rind Fruit o Longitudinal Transverse  Sensory quality .
R Yield R . . D value Ranking
number hardness weight diameter diameter scoring
2107 0.461 0.602 0.469 0.893 0.407 0.870 0.634 2
2111 0.868 0.057 0.035 0.023 0.063 0.970 0.301 11
2112 0.346 0.494 0.437 0.716 0.299 0.604 0.556 7
2113 0.608 0.643 0.508 0.739 0.926 0.744 0.573 5
2114 0.458 0.510 0.533 0.830 0.368 0.569 0.559 6
2116 0.105 0.672 0.555 0.685 0.389 0.985 0.599 3
2117 0.810 0.500 0.524 0.804 0.082 0.559 0.453 9
2118 0.264 0.949 0.829 0.984 0.262 0.007 0.555 8
2119 0.504 0.531 0.247 0.294 0.235 0.263 0.362 10
2120 0.410 0.494 0.638 0.904 0.212 0.935 0.644 1
B Qilin 0.047 0.582 0.527 0.303 0.937 0.975 0.588 4

2.6 SiXAEREBERS T RIEMN
Xof 5 b AP AR 4 RS BT L7 i ORRE i BT A SRR G 14 AR BR AR MEAR S BOHE AT 3 A a3
Br, G55 aN3% 5 fis . SR 4 NMRRIEE R T 1 H Ry 22 5Tk RI8 3] 78.277% 1) F 5804y, Ui X 4 4
FARERS I e 14 AR AR R AME R . EWMA 1, &K 25 SPAD (A RS e M A&
KIIEFREL, B F 8 1 F2A0R T UVE AR 7wy E BT, R8s 2 o Rl v R
Yy i AT T R & R AUEE AR B BRI IE R B, BT LK FE By 2 1R DA TG IR 5 5
REME A, FERG 3 i, R BRI R 5 R T ] R, DR AT LOKE 3 e a3 3 WA DAY TR B ARy
FRFE T, FHSr 4 MR AL B BRI IE R B, PR a] LUK 3 18045 4 OV LAPS I AE AR SR o
A F
it FRAMRRIE AR RIS 4 A B R BRI A R IR .
F,=-0.143X,+0.028X,+0.341X,+0.408X,+0.323X,~0.001X,+0.078X,~0.205X,—0.287X,
+0.373X ,,+0.405X,,+0.364X,,+0.145X ,=0.074X ,, ;
F,=-0.242X,-0.251X,-0.015X,-0.094X,+0.2X, +0.483X,+0.459X,-0.211X,~0.113X,
~0.194X,,-0.133X,,-0.083X ,,+0.22X ,+0.466X ,, ;
F,=-0.411X,-0.059X,+0.231X,+0.056X,+0.127X,+0.083X,+0. 181X, +0.481X,+0.39X,
~0.143X,,-0.05X ,+0.354X ,—0.426X ,—0.044X, ;
F,=-0.053X,+0.667X,-0.341X,-0.022X,+0.29X,+0.205X,~0. 11X, +0.095X,+0.365X,
+0.028X,,+0.135X,,+0.095X ,,+0.332X ,+0.13X , ,
A X, —X ARUARTA R S A PE R A= R SR — AL 07 =K ZEHL SPAD B O T P BDE )
i AR TR Y SRR R R U R R FRE RS, B4 A E
B B 5 22 DTERFE AR S P TR E U 275 PR pREL A 20 F = 0.437F, +0.319F,+0. 148 F, +0.096 F, , it
A A VNG R LS5 FAE MRS F SO S A SR L 5 R I . Nk 6 s % 1R
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Table 5 PCA of various traits in tested watermelon varieties
817 Index FEar 1 %) FM5r3 F o 4
A PC1 PC2 PC3 PC4
24 F W Entire growth period -0.313 -0.452 -0.524 -0.054
55— WEAE T The first female flower node 0.061 -0.470 -0.075 0.686
K Vine length 0.746 -0.028 0.294 -0.350
ZEH Stem diameter 0.893 -0.177 0.071 -0.022
SPAD {H SPAD value 0.707 0.374 0.161 0.298
O AT [ TE 4 & Central soluble solid content -0.003 0.904 0.106 0.210
P FR AT I [E ) 5 i Edge soluble solid content 0.170 0.858 0.230 -0.113
R Rind thickness -0.449 -0.394 0.612 0.098
A A Rind hardness -0.627 -0.211 0.496 0.375
BT Fruit weight 0.815 -0.363 -0.183 0.029
7o Yield 0.886 -0.249 -0.064 0.138
Y\#% Longitudinal diameter 0.796 -0.155 0.451 0.098
142 Transverse diameter 0.318 0.411 -0.542 0.341
JBCE i Bf54Y Sensory quality scoring -0.163 0.871 -0.056 0.134
FHIE(H Eigenvalues 4.789 3.494 1.620 1.056
J5 2 510k ® /% Variance contribution rate 34.207 24.956 11.570 7.544
BT 25Tk % /% Cumulative variance contribution rate 34.207 59.162 70.733 78.2717
6 SHANRMENTESHEIRHES
Table 6 PCA scores and rankings of tested watermelon varieties
L IR ) . , . ZAM )
F F F F :
Variety number ! ? 3 4 Comprehensive score P4 Ranking
2107 1.151 2.122 1.504 0.333 1.434 1
2111 -5.258 0.602 0.568 -0.269 -2.048 11
2112 0.349 0.802 0.500 -0.787 0.406 6
2113 0.177 0.464 -0.171 1.679 0.362 7
2114 0.361 0.502 0.861 -0.173 0.428 5
2116 0.994 1.137 -0.777 -0.659 0.619 3
2117 -1.194 -2.171 0.564 0.868 -1.047 9
2118 2.803 -3.930 -0.009 -0.552 -0.082 8
2119 -2.139 -2.167 -0.969 -0.481 -1.815 10
2120 2.094 0.848 0.864 -0.133 1.300 2
JELR% Qilin 0.662 1.792 -2.936 0.175 0.444 4
= =] S £R 7 PN n| * o
2.7 ANEEN @A RS S RAREI J&[A]#E S Distance between classes
XL AAE PR G FpiE AT R R, IR 2 7] o112 5 10 15 20 25
1, AL 5 15 B AT LIS 11476 8 P 43y 4 iR
%, H T JUHE 2112.21142116,2107,2120,2113 F0 o116
SR ZERES A 2 N, Horb 21122114 2116, 2107 5
2107.2120 F1 2113 M4 1 P2 BAREK B P IR K | 2120
e A e s . e ~ I
fin BRI B A AH SC AR AR B UF, SRR 1 o B LR 2113 :
ES 2 W, XA 1 WK EEAE TR AP RRIE B Qilin j
N N s ‘ | IF
N AR I (2 RS g i D 3 S N N T s =g A | 2 ) 2117 ] ;
8 2117 12119 32 BEVG A 7™ 5 B i ot 45 R G 2119 ; mé
TR 22 e A . 28 M35 2111, F 84y 21 IV
2118 ’

B2 SANRMEERARESTE

Fig.2 Cluster analysis diagram of the comprehensive

performance of tested watermelon varieties
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XPVU TR bR ST SR PR LR & R I (AT LR 61550 ) EATAROCH: /AT, 3R 7 mT 0, 45 R v AR
Pk SPAD {H 5275 R MEM W FHIEAG, &K 25l HniEHEIEY) & & Jmm MR S5 RAE R
FIEMG; 2 F AN S A RUER B ENMIC, S8, LA R A& UULAEF M EK
SPAD B  HF AT PR B Y & &t = i AR 6 A 484n o F AR & 647 W1E 434, i £R 66 b 289 95 )28 & 3T
MAERI N 2B P =3.109-0.132x 224 F 1 -0.017 x5 K +0. 112xSPAD {8 +0.481 %31 %5 1] 1% 1k [ 1
W55 +0.092x 7 —0. 107 x4 (R* = 0.988 , P<0.01) , LL_F 4845 AT LI FHAVE TR £8 568 80 7 TR 25 & 3EM

®7 SRERBMEERSEARMELESIT

Table 7 Correlation analysis between various indices varieties and comprehensive performance of tested watermelon

£zt AHK R B £zt AHK R B
Index Correlation coefficient Index Correlation coefficient
24 F M Entire growth period -0.737 " R Rind thickness -0.544
E—BEAEST L The first female flower node -0.380 LB Rind hardness -0.582
K Vine length 0.711" HRE Fruit weight 0.472
ZEH Stem diameter 0.712" Fr Yield 0.650*
SPAD {H SPAD value 0.937 " Y12 Longitudinal diameter 0.682"
FRLLTTE PERETE Y & i Central soluble solid content 0.541 #7% Transverse diameter 0.429
IR ETE M B & & Edge soluble solid content 0.628 " JBE T FUR4) Sensory quality scoring 0.326

. " FORTE 0.05 KF25 3, " FIRTE 0.01 KF22 7 3

Note: * indicates significant differences at 0.05 level, ** indicates extremely significant differences at 0.01 level.
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PERTo 2 R, 0 38 H ELAT S e S A A VG TR S e R B b G Tl R SR SR BT A P A
T PN T T DX G IS A b i, 75 ¢ S IR 1 R VAR R W 1 2 A S R B A% I 3 B v R
Hi PG A P AR, SR 1042 i i X R B - AR P TR R A0 3 SR S R AR R AR AT HL R, O
Ja e RMER S RARL R M 2200 SV NS AR WL R I X R T AR b, R R
HhRE SR ST T R T A PG ISt o L i 4 SR R B, 2107 AE SR 50 T s A5 T R B
12116 Fi 2120 7EAER I SRS TT R S BRI 45 R I R 3, HER G T LS . X
S i 7 TS B2 T LA 3 A 3 R B YT = A N A b B i DX )R PR, Xt i — 2R
T I R R Bk 7 R ) AT AT A

1 8 el it P A AR B T 9 AR K R IR O 1 B E KA . Eh WA SRR AR LR AR DG R ik
IR A PE R AL TR PR ADE A R SRR, I HDEA/ER Y S ZEARIFSE H, PE IR SPAD fH AN
LR R A 3 AR O, X — AR S T i R Ok ot e 3 BB A R SR IR BT N 4R O AR RCR
FAR A BN 1o S A K SF- , AT R TSR A A A 3 O g RS K B Sty [RI S , AR 934 2 3V I
SRS 25 A R RN UM C, X0 B PO B 1 E B R BB 7 — o R L kb P aa
T RIS G () T R B
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W T se 4 Sy Mk as ™ L ASHIFFE X SR 45 TGS, A0 SR i RN AT v A B R AR AR AT
TVEI 2118 FAR = i dn e, (0 SR S0 BRE  JB 22 HL R A VA AIK , Ua B v 7= A JB A7 76— 52 I ASUA G
., 1M 21072116 F1 2120 7€/ 5 W5 SOBE & A5 4y LRI, 385 A VE 0 R it =4 5 Fh ., AH CHF
FEAEW, VU TR A ORI 5% ply JBE 135 349 4 5% i DG TSR S 63 P L 910 R 5 S Y g, 4 B SR I - Al >0
340 [T Bz S ] REAE M A3 B R L T ELE A AR R i SR p 8 b R AR 75, 38 A S
PRI, T B G T o 7 6 R U BR 25 PPN 73 | A T Bt 45 ISR bR 25 S 2R B R 30

UEAFER KT R A B A AT A KRR CH S R S SRR R A BT PR S T
M, ZM ks s A R IRl 5 RS b, #2562 T SR8 oh £k M 3 8o 43
s, B ISR PR T AR SR 3K, FE 440 B vk B 3 SRR R b R AT A R ) i, {H 2R
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