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Comprehensive evaluation of watermelon grafting rootstocks based on

principal component analysis

Zhou Lili', Yu Xuan’, Zhao Yanhao®, Zhang Feixue', Wang Fengying', Zhou Xiaoyu®, Shen Weixin'

(1. Huzhou Academy of Agricultural Sciences, Huzhou 313000, Zhejiang, China; 2. Fuyang District Bureau of Agriculture and Rural Af-
fairs, Hangzhou 310000, Zhejiang, China; 3. Tonglu County Bureau of Agriculture and Rural Affairs, Tonglu 310002, Zhejiang, China;
4. Huzhou Plant Protection Quarantine and Soil and Fertilizer Management Station, Huzhou 313000, Zhejiang, China)

Abstract: To identify suitable rootstocks for high-quality, high-yield, and disease-resistant cultivation of the Zhemi No. 8
watermelon in northern Zhejiang, this study evaluated eight commercial rootstocks: Pumpkin rootstocks (Sizhuang No. 7,
Jingxinzhen No. 4, Wenjian No. 1), bottle gourd rootstocks (Liizhuangshi, Guanjun No. 1), and wild watermelon root-
stocks (Yezhuang No. 1, Meng Z-20003, Yongshi), Own-rooted seedlings served as the control (CK). The performance of
grafted seedlings with different rootstocks were systematically compared in terms of grafting survival rate, field growth
vigor, economic traits, fruit quality, and Fusarium wilt resistance, followed by a comprehensive principal component anal-
ysis. All grafting combinations achieved survival rate above 96.60%, with wild watermelon rootstocks reaching 100%.
Wild watermelon rootstock-grafted seedlings exhibited superior growth vigor and photosynthetic performance during the
late vine-extending and full-fruit stages; Yezhuang No. 1 had the highest leaf number at the late vine-extending stage and
the highest SPAD value at the full-fruit stage. Sizhuang No. 7 grafted seedlings achieved the highest yield and the largest
single fruit mass. Wild watermelon rootstock-grafted seedlings showed the highest soluble solids content and taste score,
with Yongshi grafted seedlings reaching 12.16% (w, the same below) central soluble solids and Yezhuang No. 1 the high-
est total sugar content. Pumpkin rootstocks (Sizhuang No. 7, Jingxinzhen No. 4, Wenjian No. 1)and the bottle gourd root-
stock Liizhuangshi exhibited zero disease incidence. Although Yezhuang No. 1 had the highest disease incidence(14.29%)

among grafted seedlings, its disease index (12.28) remained significantly lower than that of own- rooted seedlings
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(94.44% incidence, 81.48 disease index ), indicating inherent resistance. Principal component analysis showed that

Yezhuang No. 1 achieved the highest composite score. In summary, Yezhuang No. 1 demonstrates outstanding advantages

in growth vigor, photosynthetic performance, fruit total sugar content, and taste, and is recommended for priority promo-

tion in fields with low Fusarium wilt incidence.

Key words: Watermelon; Grafting; Rootstock; Yield; Quality; Disease resistance; Principal component analysis
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Table 1 Rootstock type and source
S N Eait] KR
Rootstock variety Type Source
HH 75 B X Cucurbita moschata T TR R 2E T B

Sizhuang No. 7

Ak 45
Jingxinzhen No. 4

IR Cucurbita moschata

g1 s BN Cucurbita moschata
Wenjian No. 1

ottt B Lagenaria siceraria
Liizhuangshi

it % 1 5 Guanjun No. 1
PP 1 % Yezhuang No. 1
i Z-20003 Meng Z-20003
%1 Yongshi

#i7 Lagenaria siceraria

BFLEVG K Citrullus lanatus var.
BFLEVE K Citrullus lanatus var.
BFLEVG K Citrullus lanatus var.

Ningbo Academy of Agricultural Sciences

RS A CIE RO TR A IR 2 7]

Jingyan Yinong (Beijing) Seed Technology Co., Ltd.

TR E ML RO R A IR A A

Henan Yuyi Seed Technology Development Co., Ltd.

T AL BB TR

Ningbo Academy of Agricultural Sciences
B A4 BR 22 7] Hangzhou Seed Industry Group Co., Ltd.

T T AR 7 BE Ningbo Academy of Agricultural Sciences
T T R A PR A ] Ningbo Weimeng Seed Industry Co., Ltd.

FUPHAE AT A PR 22 7] Hangzhou Yihe Seedling Co., Ltd.
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Table 2 Comparison of grafting survival rate and growth period of grafted seedings with different rootstocks

. LR
R B J— ; - :
filiA . . 5E T T RS Fruit
Grafting survival . . . . .
Rootstock te/% Transplanting period Flowering period Mature period development
rate
’ period/d
JoH: 7 %5 Sizhuang No. 7 96.91 3 H 24 H March 24th 4 F 28 H April 28th 6 H 10 H June 10th 42

kAl 4 % Jingxinzhen No. 4 96.30

3 H 24 H March 24th

4 29 H April 29th 6 F1 10 H June 10th 41

Fafi 1 5 Wenjian No. 1 96.67 3 H 24 H March 24th
£+ Liizhuangshi 98.95 3 H 24 H March 24th
&% 1 5 Guanjun No. 1 100.00 3 H 24 H March 24th
PPH 1 % Yezhuang No. 1 100.00 3 A 24 H March 24th
#fj Z-20003 Meng Z-20003 100.00 3 H 24 H March 24th
%+ Yongshi 100.00 3 J1 24 H March 24th

H 1 Own-rooted (CK)

3 H 24 H March 24th

4 [ 29 H April 29th 6 5 10 H June 10th 41
5 H 1 H May Ist 6 H 8 H June 8th 38
5 H 1 H May Ist 6 F1 8 H June 8th 38
4 A 28 H April 28th 6 H 8 H June 8th 40
4 1 29 H April 29th 6 /1 8 [ June 8th 39
4 A 29 H April 29th 6 H 8 H June 8th 39
4 A 29 H April 29th 6 H 8 H June 8th 39
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Table 4 Comparison of fruit economic traits of grafted seedings with different rootstocks

filiA PSS E SIS E J e FEE
Rootstock Single fruit mass/kg ~ Fruit length/cm Fruit width/cm Rind thickness/cm Yield/(kg-667 m*)
[ 7 5 Sizhuang No. 7 5.38+£0.94 a 22204134 a 20.43+1.10 a 0.9620.15 ab 1937.29a
SURRG 4 5 Jingxinzhen No. 4 4.19£0.63 ab 20.48+0.61 ab 19.13£0.94 ab 0.87£0.09 b 1508.68 de
Fafi 1 5 Wenjian No. 1 5.09+0.17 a 21.20£0.48 a 20.57+0.61 a 0.92+0.06 b 1833.91 ab
Zitk 4 Liizhuangshi 4.6240.94 ab 20.58+1.35 ab 20.02+1.41 a 1.14+0.06 a 1 662.44 cd
77 1 5 Guanjun No. 1 4.31£0.69 ab 20.14+1.22 ab 20.16+0.93 a 0.99+0.02 ab 1553.02 de
PP 15 Yezhuang No. 1 4.67+0.24 ab 21.22+0.29 a 20.18+0.33 a 0.83+0.03 b 1681.88 cd
§ Z-20003 Meng Z-20003 497+1.12 a 21.64+1.77 a 20.14+1.13 a 0.84+0.11 b 1789.68 be
-1 Yongshi 4.48+0.51 ab 21.30+0.98 a 20.04+0.53 a 0.99+0.02 ab 1743.57 be
H AR Own-rooted(CK) 3.01£0.47 b 18.08+0.66 b 17.44+0.82 b 0.58+0.06 ¢ 1081.88 f
A B 7 SRR . Z-20003 e % 1 5 SRl CBUIREY 4 SR E R
2.4 PEIFHARE XS 7 K G BR A 200 BIARZE MU FEEESRESTRE 1 5 A
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Table 5 Comparison of fruit quality traits of grafted seedings with different rootstocks

woppr BOUETE g RO G &I
Bl A PEE TEYD g Flesh e ~~ .. Vitamin C Total sugar PEA
Rootstock Central soluble Edge soluble firmness/ Total organic acid content/ content/ Taste

solids content/% solids N content/% (ng-gh (mg-g" score

content/%

{2t 7 %5 Sizhuang No. 7 10.12+0.59 cd 7.1840.11¢  0.88+0.14ab  0.137+0.006 be 118.49+6.89 a 45.88+1.71 ¢ 7.7
HUREG 4 % Jingxinzhen No. 4 10.63+0.92 abed  8.59+0.42 ab  0.98+0.24 a 0.170+0.010 a 125.41+1.69 a 50.01+7.44 abc 7.8
Faft 1 5 Wenjian No. 1 9.92+0.48 d 7.34+021 ¢ 0.73£0.08 abc  0.133+0.012bc  129.11+3.82a  52.38+2.53abc 7.9
214t Liizhuangshi 11.24+0.76 abcd  8.68+0.72 ab  0.54+0.10 ¢ 0.140+£0.010 b 123.82+12.03a  60.74+8.16ab 9.0
5& % 1 5 Guanjun No. 1 11.82+0.81 abc  8.49+0.43 ab 0.52+0.06 ¢ 0.097+0.012 117.80+2.66 a 54.5442.37 abc 9.2
BfH: 145 Yezhuang No. 1 12.00£0.14ab  8.82+0.43ab 0.60+0.09bc  0.127+0.015cd  117.28+6.84a  62.7247.40a 9.2
#f Z-20003 Meng Z-20003 11.63+0.73 abecd  8.53+0.24 ab  0.66+0.21 bc  0.103+0.006 ef 121.65+8.99 a 52.79+1.11 abc 9.0
51 Yongshi 12.16+0.46 a 9.08+0.51a  0.50+0.03 ¢ 0.117+0.006 de 119.48+6.26 a 46.99+5.16 abc 9.2
AR T Own-rooted (CK) 10.30£1.00 bed  7.87+0.33 bc  0.54+0.01 ¢ 0.123+0.012 cd  121.1244.63 a 51.14£9.76 abc 9.0
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Table 6 Comparison of Fusarium wilt occurrence of

grafted seedings with different rootstocks

FEERFE IR EERKIS M I I, 22

fili A
Rootstock

KA

Disease incidence/%

N EIzE

Disease index

FHIIT A B A7 1) S A% B 25 IE A 5%, 5 SPAD fHITE
B EA S A0S Bk A al i E Y

M 7 %5 Sizhuang No. 7

HRAL 4 5
Jingxinzhen No. 4

Faf# 1 ' Wenjian No. 1
%t Liizhuangshi

&% 1“5 Guanjun No. 1
WPt 1 % Yezhuang No. 1
i Z-20003 Meng Z-20003
%1 Yongshi

E R Own-rooted (CK)

0.00 ¢
0.00 ¢

0.00 ¢

0.00 ¢

9.52¢
42.86b
14.29 be
22.22 be
9444 a
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YL FEKL Y2, FE KLY 730 Y4, BT YS. 2001 Y6, 2501 Y7, 2H1T; Y8.SPAD fE1: Y9.SPAD {E11; Y10.SPAD &
I Y 1L R Y12, AR A7 Y13, BB Y14, RS Y15, REL9E Y16, B Y17, A0 PR & & 5 Y18, 3 i vl i L)
TR Y19, SRARERE Y20, )7 B Y21, R Y22 i iE TR Y23, B HURR & i Y24, 4L R C B8 Y25, MBS . *RORAE 0.05 KF B
BEATE, **RIRAE 0.01 /KT LA R FHAHIE.

Note: Y1. Main vine length I; Y2. Main vine length II; Y3. Total leaf count I, Y4. Total leaf count II; YS5. Stem thickness I; Y6. Stem thickness
II; Y7. Stem thickness III; Y8. SPAD value I; Y9. SPAD value II; Y10. SPAD value III; Y11. Internode length; Y12. Fruiting node; Y13. Single fruit
mass; Y14. Fruit length; Y15. Fruit width; Y16. Rind thickness; Y17. Center soluble solids content; Y18. Edge soluble solids content; Y19. Flesh
firmness; Y20. Yield; Y21. Disease incidence; Y22. Disease index; Y23. Total organic acid content; Y24. Vitamin C content; Y25. Total sugar con-

tent. * indicates significant correlation at 0.05 level, and ** indicates extremely significant correlation at 0.01 level.
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Fig. 1 Correlation analysis of agronomic traits of grafted seedings with different rootstocks
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Table 7 Principal component analysis of grafted seedings with different rootstocks

&% Index PCI PC2 PC3 PC4 PC5 PC6 PC7

= &K1 Main vine length I 0.454 0.395 0.060 -0.720 0.285 -0.137 0.106
2 &K Main vine length IT 0.420 0.041 0.818 0.241 -0.095 -0.230 0.172
I #41 Total leaf count [ 0.654 0.261 0.120 -0.540 0.425 0.024 0.046
i #411 Total leaf count 1T 0.511 0.672 0.414 0.244 0.066 -0.193 0.120
ZEHI Stem thickness T 0.049 -0.848 0.212 0.096 0.375 -0.169 0.205
ZSHIT Stem thickness 1T 0.279 0.387 0.758 0.136 0.188 -0.109 -0.264
2L Stem thickness TIT 0.651 -0.136 0.582 0.106 -0.283 0.158 0.169
SPAD f{HI SPAD value I 0.521 -0.095 -0.169 0.787 0.125 -0.062 0.088
SPAD {HII SPAD value II 0.840 -0.138 0.240 -0.001 0.021 0.228 -0.314
SPAD {11l SPAD value III -0.378 0.384 0.189 0.664 0.349 -0.187 0.102
#718)K: Internode length 0.630 0.424 -0.045 0.207 0.200 0.566 -0.001
A 547 Fruiting node 0.458 0.130 0.691 -0.161 -0.478 0.141 0.145
LR & Single fruit mass 0.895 -0.191 -0.316 -0.104 -0.194 -0.034 0.042
52K Fruit length 0.928 -0.16 -0.236 -0.180 -0.090 0.033 -0.101
LS8 Fruit width 0.906 0.031 -0.297 0.079 -0.180 -0.054 0.219
)% Rind thickness 0.589 0.161 -0.489 0.509 -0.124 -0.276 -0.057
Fhut AT P T4 & Central soluble solids content — 0.298 0.920 -0.077 -0.118 0.192 0.065 -0.055
T AT A PR E A& & Edge soluble solids conten 0.093 0.806 -0.076 -0.032 0.506 -0.172 -0.220
T )% Flesh firmness 0.323 -0.792 0.203 0.135 0.291 0.117 -0.312
PP Yield 0.950 -0.082 -0.049 -0.009 -0.276 -0.017 0.106
K% Disease incidence -0.843 0.314 0.323 0.004 -0.227 0.145 0.101
J7i f 4624 Disease index -0.881 0.210 0.322 -0.066 -0.212 0.145 0.074
MWL & & Total organic acid content 0.010 -0.586 0313 0.183 0.523 0.413 -0.078
Y4 & C & & Vitamin C content 0.083 -0.585 0.155 -0.335 0.488 -0.248 0.440
NBE S i Total sugar content -0.047 0.393 -0.368 0.202 0.272 0.466 0.542
FEME{E Eigenvalue 8.733 5.140 3.422 2.628 2.166 1.226 1.068
TTHAZ Contribution rate/% 34.931 20.561 13.686 10.513 8.665 4.904 4272
L5k % Cumulative contribution rate/% 34.931 55.492 69.178 79.692 88.357 93.261 97.533
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Table 8 Principal component score and ranking of grafted seedings with different rootstocks

fiﬁ stock PCI PC2 PC3 PC4 PC5 PC6 PC7 ﬁz\e Ezi
JEH: 7 5 Sizhuang No. 7 241 -2.87 0.19 0.27 -2.36 1.00 -1.20 0.095 5
UK 4 % Jingxinzhen No. 4 0.25 -1.98 1.56 1.42 2.91 -0.25 -0.98 02460 4
Fafi# 1 5 Wenjian No. 1 1.13 -3.10 0.10 -0.24 -0.33 -1.23 2.01 -0.263 5 7
4+ Liizhuangshi 0.85 -0.01 -2.45 -2.16 1.56 1.64 0.41 -0.0337 6
5@ % 1 5 Guanjun No. 1 -1.36 0.89 -3.73 1.46 -0.37 -1.24 -0.66 -0.7904 8
PPl 1 %5 Yezhuang No. 1 0.39 2.63 0.80 2.78 -0.33 1.30 1.13 1.193 8 1
iifj Z-20003 Meng Z-20003 2.10 2.29 1.45 -1.56 -0.41 -0.51 -0.35 11937 2
55+ Yongshi 1.52 2.50 0.89 -1.02 -0.05 -0.99 -0.31 10184 3
H 1 Own-rooted (CK) ~7.30 -0.34 1.19 -0.94 -0.62 0.27 -0.05 26637 9
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