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Comprehensive evaluation of grafting rootstocks for watermelon Such-
uang No. 3 based on principal component analysis and entropy

weight-TOPSIS method

Shi Xiaolong', Bai Tian’, Xu Wenzhao’, Liu Xin’, Cheng Rui’, Xu Binghua’, Gu Yan’, Luo Dexu’, Qian
Huixian', Yang Xinyi', Sun Yudong®, Ren Xugqin'

(1. Huaian University, Huaian 223001, Jiangsu, China; 2. Huaiyin Institute of Agricultural Sciences in Xuhuai Region of Jiangsu Prov-
ince, Huaian 223001, Jiangsu, China)

Abstract: To identify the most suitable rootstock for grafting the watermelon variety Suchuang No. 3, this study used
Suchuang No. 3 as the scion, and selected 10 pumpkin rootstocks, 8 gourd rootstocks, and 1 watermelon rootstock for
grafting. The survival rate, yield, and fruit quality of different rootstocks after grafting were systematically compared, and
the principal component analysis and entropy weight-DTOPSIS method were used for comprehensive evaluation. The
results showed that gourd rootstocks possessed superior graft compatibility with higher graft survival rate, whereas pump-
kin rootstocks performed better than gourd and watermelon rootstocks in terms of single fruit mass and plot yield. In
terms of fruit quality such as center soluble solids content, edge soluble solids content, and fruit transverse and longitudi-
nal diameters, different rootstocks exhibited varying performances. According to the comprehensive ranking from both
evaluation models, the top 3 rootstocks were all pumpkin rootstocks, namely Sizhuang No. 7, Sizhuang No. 12, and Hei-

wushi. In summary, this study confirmed the overall advantages of pumpkin rootstocks in grafting Suchuang No. 3 water-
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melon, and identified 3 pumpkin rootstock varieties with excellent comprehensive performance, providing an important

theoretical basis for selecting suitable rootstocks for this watermelon variety in practical production.

Key words: Watermelon; Suchuang No. 3; Rootstock; Grafting; Principal component analysis; Entropy weight-DTOPSIS

analysis
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Table 1 Tested rootstock varieties

Iz Tl AR FK TR Kl
No. Rootstock name Rootstock type Source
1 SRR 1 G sy /A
Qianggen No. 1 Pumpkin Syngenta Seeds Co., Ltd.
2 B IE5PE 316 20 T 5 S AR PR 7]
Jinmama Zhenxi 316 Pumpkin Qingdao Jinmama Agricultural Technology Co., Ltd.
3 HA S Fa G TG TER T2 E
Ribenxuesong Pumpkin Shouguang Huanuo Seed Management Department
4 B 10 5 271N T AR B
Sizhuang No. 10 Pumpkin Ningbo Academy of Agricultural Sciences
5 HHL R F1 [E2JIN U A G RH A IR A
Jingyan Zhenmei F1 Pumpkin Jingyan Yinong (Beijing) Seed Industry Technology Co., Ltd.
6 St 2 5 [N TR AR A
Suzhen No. 2 Pumpkin Jiangsu Academy of Agricultural Sciences
7 RN 45 N JEFCHT AR 2 e B3I 7
Jingxinzhen No. 4 Pumpkin Vegetable Research Center, Beijing Academy of Agriculture and Forestry Sciences
8 Bt 7 5 G T AL AR
Sizhuang No. 7 Pumpkin Ningbo Academy of Agricultural Sciences
9 R U T AR B
Heiwushi Pumpkin Ningbo Academy of Agricultural Sciences
10 B 125 20N T AL
Sizhuang No. 12 Pumpkin Ningbo Academy of Agricultural Sciences
11 IR 2 5 B e IEBF T T
Qianggen No. 2 Bottle gourd Syngenta Seeds Co., Ltd.
12 REAEPALIN B b5 B AR A PR A H]
Mutian Ligen Bottle gourd Beijing Baimutian Agricultural Technology Co., Ltd.
13 HIFE15 B LA AW R B
Hulu No. 1 Bottle gourd Jiangsu Academy of Agricultural Sciences
14 B 25 B TLIR A AR 2B
Hulu No. 2 Bottle gourd Jiangsu Academy of Agricultural Sciences
15 B35 B LA AR Bt
Hulu No. 3 Bottle gourd Jiangsu Academy of Agricultural Sciences
16 UL 1= B JEFHT AR MEL 2 BB O
Jingxinzhen No. 1 Bottle gourd Vegetable Research Center, Beijing Academy of Agriculture and Forestry Sciences
17 w3 Y B b5 5 EA BT B2 7
Mutian Changqingteng No. 3  Bottle gourd Beijing Baimutian Agricultural Technology Co., Ltd.
18 gt B T AL B
Liizhuangshi Bottle gourd Ningbo Academy of Agricultural Sciences
19 HBH 15 7R T T AR 27 e

Sumengzhen No. 1 Watermelon

Huaian Academy of Agricultural Sciences
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Fig. 1 The survival rate of Suchuang No. 3 grafted onto different rootstocks

R2 TREMARKEZEAEG 3 SH~8
Table 2 Yield of Suchuang No. 3 grafted onto different

rootstocks

Gie TR it N
No. Single fruit mass/g Plot yield/kg

1 4.114+0.68 ab 41.07+1.31 cd

2 3.924+0.61 bed 39.20+1.01d

3 4.05+0.39 abc 40.54+1.06 cd

4 3.21+0.83 de 32.13+0.90 ef

5 3.33+0.84 cde 33.33+£1.89 ¢

6 2.75+0.68 e 27.88+0.60 hijk

7 2.94+041 e 29.39+1.64 ghi

8 4.39+0.72 ab 43.94+1.29 b

9 4.29+0.69 ab 42.27+1.88 be
10 4.78+0.64 a 47.78+0.79 a
11 3.02+0.60 e 30.22+1.29 fgh
12 2.78+0.58 ¢ 27.78+0.73 hijk
13 2.85+0.83 ¢ 28.51+1.15 hij
14 2.5740.71 e 25.70+1.88 k
15 2.93+1.08 ¢ 29.98+1.26 fgh
16 2.62+1.06 ¢ 26.82+1.27 ijk
17 2.70+0.37 e 27.71+2.15 hijk
18 2.68+1.31¢ 26.49+1.36 jk
19 3.17+0.52 ¢ 31.70+1.71 efg

T FSIANENG PR LRI 0.05 K P ERRE. TH.
Note: Different lowercase letters in the same column indicate signifi-

cantdifference among different treatments at 0.05 level. The same below.
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Table 3  Fruit quality traits of Suchuang No. 3 watermelon grafted onto different rootstocks

e w(EPAlLﬂ‘iﬁTiﬁé%) wCAFAEIEREEY) At 2}7&%. ‘ s P
No. Center soluble solids Edge soluble T.ransverse L.ongltudlnal Rind thickness/em  Fruit shape index
content/% solids content/% diameter/cm diameter/cm
1 12.09+1.60 a 9.98+1.40 a 20.12+1.26 a 19.83+0.66 bed 1.02+0.16 ab 0.99+0.04 b
2 10.96+1.65 abed 8.6141.22 abede 17.97+0.91 ¢ 18.49+1.33 defg 0.79+0.26 abed 1.03+0.03 ab
3 9.63+1.58 cdef 8.06+1.59 cde 17.73+0.81 ¢ 17.96+0.96 fg 0.60+0.28 de 1.01+0.03 ab
4 11.36+1.12 abc 9.82+1.04 a 19.52+1.27 ab 19.67+1.53 bede 1.01+0.24 ab 1.014+0.03 ab
5 11.13+1.33 abc 9.70+0.97 ab 19.56+1.24 ab 20.12+1.79 be 1.04+0.17 a 1.03+0.04 ab
6 9.69+1.22 bedef 8.64+1.30 abcde 18.21+1.37 be 18.62+1.29 cdefg  0.71+0.20 cde 1.02+0.05 ab
7 10.93+1.47 abed 9.53+1.86 abc 18.39+1.27 be 18.72+0.62 cdefg ~ 0.984+0.26 ab 1.02+0.08 ab
8 9.29+1.26 def 7.63+1.89 de 17.38+1.56 ¢ 18.09+1.69 efg 0.63+0.30 de 1.04+0.05 ab
9 9.11£1.54 ef 7.91+1.37 de 16.91x1.23 ¢ 17.20+1.88 ¢ 0.56+0.15 de 1.01+0.07 ab
10 10.50+1.87 abede 8.89+1.69 abed 17.57+1.26 ¢ 18.19+1.73 efg 0.78+0.22 bed 1.03+0.05 ab
11 9.00+1.58 ef 7.61+£1.45 de 17.28+1.06 ¢ 17.46+1.94 fg 0.58+0.30 de 1.01£0.07 ab
12 10.17+1.94 bedef 8.22+1.20 bede 17.73+1.71 ¢ 17.70+1.94 fg 0.79+0.38 abed 1.00+0.05 ab
13 10.5242.06 abcde 8.78+1.64 abed 17.58+1.88 ¢ 18.34+1.10 defg 0.72+0.21 cd 1.05+0.05 a
14 9.17+£2.98 ef 7.22+1.48 ¢ 17.29+1.31 ¢ 17.71+1.70 fg 0.58+0.23 de 1.02+0.05 ab
15 10.96+1.36 abed 10.00£1.40 a 20.41+1.73 a 20.11£2.32 be 1.0140.34 ab 0.99+0.08 b
16 11.40+1.10 ab 9.56+0.92 abc 20.22+2.13 a 20.63+1.87 ab 0.90+0.19 abc 1.02+0.07 ab
17 8.76+1.11 7.22+0.71 e 17.17+0.61 ¢ 17.54+0.86 fg 0.46+0.09 e 1.02+0.03 ab
18 11.4241.19 ab 10.06+0.92 a 20.76+1.88 a 21.64+2.56 a 1.03+0.26 ab 1.04+0.08 ab
19 10.89+1.25 abed 8.91+1.52 abed 18.09+1.07 ¢ 18.96+1.36 cdef 0.70+0.19 cde 1.05+0.04 a
T4 SETHHFHEEERTBE i VR 255 45 70 T B AT AT B A [R] i AR 3%

Table 4 Eigenvectors and contribution rate of each

principal component

Eizgan TS 1 ES 2
Trait PC1 PC2
1A% U % Graft survival rate 0.120 -0.491
FJTURR & Single fruit mass 0.529 0.400
/X 72 B Plot yield 0.539 0.389
L A PEE R A R -0.277 0.407
Center soluble solids content

PRI CRRTDIZ ke s 0.486 -0.185
Edge soluble solids content

S JEL I Rind thickness 0.320 -0.498
FFIE{H Eigenvalue 2.186 2.142
Ji FE TR 36.428 35.704
Variance contribution rate/%

R E TR 36.428 72.132

Cumulative variance contribution rate/%
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Table 5 Entropy, coefficient of variation and weight of

each trait
sy gt A g
Trait Entropy Coefﬁ.cu?nt Weight

of variation

LR E Y R 0924  0.076 0.126
Center soluble solids content
LB AVE R ) 0918  0.082 0.136
Edge soluble solids content
1% FE Rind thickness 0.888  0.112 0.186
W S % Graft survival rate 0.944 0.056 0.093
LU & Single fruit mass 0.858 0.142 0.237
/NX 77 Plot yield 0.867 0.133 0.222

R ERLEL 7S HASMAER 15, /M
JRES A F A 8 ANHENHT 10 44, Hh 755G 2 S HEA
F16, 5 ATIES REAR 8GRk 4 5
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HLER R 3 SHEAEE 10, REMS ik BT 4 4
HARMAHA IS 10 B2 5, HAagrs 2 5178 2
Fh oyt s — 8 B 2 5 B 15 K
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FHZE 2 &, 0t BTt 6 & PR RHER 28 7. 45
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Table 6 Comparison of comprehensive rank between the two analytical methods

J# 4 DTOPSIS %
Entropy—-weighted DTOPSIS method

S i IRTA
PCA
T AR 24 F5¢
Rootstock name LAY HE4

Comprehensive score Rank

EF AR I A I W ,
o o HE#4
Positive ideal Negative ideal Closeness Rank
n
euclidean distance (D+) euclidean distance(D—) coefficient(C) a

SRR 15 Qianggen No. 1 0.998 1 5
SR Y 316 Jinmama Zhenxi 316 0.5622 7
H AT, Ribenxuesong 1.2599 4
B8 10 5 Sizhuang No. 10 0.2773 8
HUWHiE 25 F1 Jingyan Zhenmei F1 0.602 6 6
73l 2 %5 Suzhen No. 2 -0.9111 15
IRl 4 %5 Jingxinzhen No. 4 -0.297 1 11
JEoH: 7 %5 Sizhuang No. 7 1.526 4 1
R+ Heiwushi 1.3720 3
JEH 12 5 Sizhuang No. 12 15211 2
# M 2 5 Qianggen No. 2 0.056 0 10
%% M J7HR Mutian Ligen -0.953 4 17
#4715 Hulu No. 1 -0.693 6 13
#H7% 2 5 Hulu No. 2 -1.4174 18
#H7% 3 5 Hulu No. 3 -0.725 7 14
PG 1 %5 Jingxinzhen No. 1 -0.922 6 16
FEHIF I 3 %5 Mutian Changqingteng No. 3 =0.527 0 12
£tk Liizhuangshi -1.899 6 19
73206 1 % Sumengzhen No. 1 0.1722 9

0.207 5 0.299 8 0.5909 5
0.206 0 0.246 5 0.544 8 6
0.177 6 0.264 7 0.598 5 4
0.296 5 0.200 3 0.403 2 8
0.2856 0.190 5 0.400 1 9
03281 0.1590 0.326 5 16
0.328 7 0.1621 0.3302 15
0.186 5 0.300 8 0.617 3 3
0.1793 0.296 2 0.622 9 2
0.138 3 0.3543 0.719 2 1
03125 0.170 6 03531 11
03330 0.1220 0.268 1 19
03121 0.168 6 0.350 8 12
03718 0.153 6 0.292 4 18
03308 0.1811 0.3538 10
0.356 5 0.158 6 0.3079 17
0.3533 0.1877 0.346 9 14
0.363 8 0.193 6 0.347 4 13
0.2750 0.188 1 0.406 1 7
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Table 7 Correlation analysis between the two analytical

methods
- . %5 DTOPSIS
i b W DTOPSIS ik
Item PCA Entropy-weighted
¢ DTOPSIS method
F 85 43Tk PCA 1
J#AL DTOPSIS 72 0.912%* 1

Entropy-weighted
DTOPSIS method

T A FRIRTE 0.01 K TR TR
Note: ** indicate extremely significant correlation at 0.01 level.
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