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Effects of different pumpkin rootstocks on the growth, development and

fruit quality of medium-size grafted watermelon in autumn

SONG Yu, ZHANG Yiyang, CHEN Cong, KALEEM Muhammad Mohsin, CHEN Jiazhen, XU Hui-
min, LIN Xinyuan, BIE Zhilong

( National Key Laboratory for Germplasm Innovation & Utilization of Horticultural Crops/College of Horticulture & Forestry, Hua-
zhong Agricultural University, Wuhan 430070, Hubei, China)

Abstract: To screen suitable pumpkin rootstocks for medium-size grafted watermelon in autumn, nine hybrid pumpkin
rootstocks and two commercial rootstocks (Fengle Jinjia and Jingxin Zhen No. 4) were evaluated using Meidu watermel-
on as the scion. Two commercial pumpkin rootstocks (H10 and H11) and self-rooted seedlings (H12) were used as con-
trol. This study investigated the effects of different pumpkin rootstocks on grafting compatibility, seedling growth, field
adaptability, yield, and fruit quality of watermelon. The results indicated that all tested rootstocks exhibited high compati-
bility with watermelon. Grafted seedlings demonstrated superior quality, growth vigor and yield compared to self-rooted
seedlings. H1, H2, H7, HS, and H9 showed better yield; H2, H6, H7, H8, and H9 exhibited superior intrinsic fruit quality
compared to the commercial rootstocks. Through principal component and membership function analysis of 21 key indica-
tors, rootstocks H9, H7, and H8 were comprehensively evaluated as superior to Fengle Jinjia and Jingxin Zhen No. 4 in
terms of seedling strength index, yield, soluble solids content and sensory evaluation score, increasing yield by
20.45%-27.98% compared to self-rooted plants. These pumpkin rootstocks are recommended as suitable options for medi-
um-size grafted watermelon cultivation in autumn, particularly in ecological zones with conditions similar to those of Hu-
bei province.
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Table 1 Sources and characteristics of tested pumpkin rootstocks

b S i fili R 24 % R
Source Number  Rootstock name Characteristics
A ol R 2 B it el 2R AH HI PTYM298Y06 BURE 9 , BURR SR , s #h
Protected horticulture team, Huazhong Resist Fusarium wilt, resist root rot, strong salt tolerance
Agricultural University H2 PTYM74Y16 PURS 29 , BB , BRI £
Resist Fusarium wilt, resist root rot, strong salt tolerance
H3 PTYM3Z6Z0 DU 2, PURRBS 9
High resist Fusarium wilt, resist root rot
H4 PTYMZ6Z9Z3 ORI
Resist root rot
H5 PTYMZ6Z9Z5 USRI , S R 1
High resist Fusarium wilt, resist root rot, strong salt tolerance
H6 PTYM47Z5 PR 20, PURRBS 9
High resist Fusarium wilt, resist root rot
H7 PTYM3Z6Z5 PURE 29 , BUAR JE5 %
Resist Fusarium wilt, resist root rot
H8 PTYMY68Z5 UM , HURE 0T , s 6 1E
Resist Fusarium wilt, resist root rot, strong salt tolerance
H9 PTYMZ9Z6Z5 R0 , PURLE R » 2 2518
High resist Fusarium wilt, resist root rot, strong salt tolerance
AR SRR A TR A H10 FiReH R PR 29 , BUAR JE 95
Hefei Fengle Seed Industry Co., Ltd. Fengle Jinjia High resist Fusarium wilt, resist root rot
SRR AEFOFMERHAA TR A H Hil Ul 4 5 PR 2, PO 5

Jingyan Yinong (Beijing) Seed Sci-Tech Co., Ltd.

Jingxin Zhen No. 4

High resist Fusarium wilt, resist root rot
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Table 2 Effects of different pumpkin rootstocks on the growth indicators and leaf SPAD value
of grafted watermelon seedlings
ETRe] T B 26 M Eviil NANEE (R4 T AR SPAD
Number Grafting survival rate/% Plant height/cm  Stem diameter/mm Seeding strength index ~ Leaf area/cm’ SPAD value
H1 100.0 10.96 ab 3.38 abc 0.338 bed 64.90d 48.82a
H2 100.0 11.52a 3.12 abe 0.330 cd 62.60 de 4898 a
H3 97.3 10.50 abe 2.96 ¢ 0.305 cd 70.21 bed 47.34 ab
H4 95.8 10.80 ab 3.47 ab 0.395 abc 78.54 ab 4920 a
HS 100.0 11.24 ab 3.26 abe 0.358 bed 62.81 de 48.52 ab
Hé6 100.0 10.26 abe 3.04 be 0.269 d 77.92 abe 45440
H7 97.2 946 ¢ 355a 0482 a 76.84 abc 49.28 a
HS8 100.0 10.14 be 3.13 abc 0.361 bed 8545a 49.30a
H9 97.3 10.44 abc 3.54a 0.429 ab 65.50d 4894 a
H10 97.3 11.20 ab 3.31 abe 0.287d 68.35 cd 48.66 ab
HI11 100.0 9.98 be 3.34 abc 0.321 cd 72.56 bed 48.42 ab
HI2 6.90d 240d 0.093 e 5497 ¢ 40.44 ¢
A HI2 AP ERE, HR Y5 ARG .. WA ENS FRERIRTE 0.05 K-FEREE. T,

Note: H12 is watermelon self-rooted seedlings, and the rest numbers are watermelon grafted seedlings. Different small letters in the same col-

umn indicate significant difference at the 0.05 level. The same below.
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Fig. 1 Photos of the survival status of 11 pumpkin rootstocks grafted with watermelon
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Table 3 Effects of different pumpkin rootstocks on root morphology and root activity of grafted watermelon seedlings

% K HRA TR REA AL AT
Number Root length/cm Root surface area/cm’ Root diameter/mm Root volume/cm’ Root activity/(mg-g"-h™)
H1 496.44 a 55.692 a 0.377 bede 0.496 a 0.216 a
H2 429.37b 44.485b 0.338¢ 0.429 ab 0.201 ab
H3 223.41 fg 28.288 cd 0.419 bed 0.221 fgh 0.179 abc
H4 397.08 be 43.755b 0.351 de 0.397 be 0.163 be
H5 285.43 ef 39.327b 0.445 ab 0.285 def 0.157 bed
Ho6 366.67 cd 39.903 b 0.354 cde 0.305 de 0.174 abc
H7 310.80 de 42.745b 0.448 ab 0.349 cd 0.174 abc
HS8 23242 f 30.747 cd 0.421 bed 0.232 efgh 0.158 be
H9 226.59 fg 36.888 be 0.515a 0.227 efgh 0.195 ab
H10 232.55f 28.690 cd 0.381 bede 0.185 gh 0.169 be
H11 24734 f 29.832 cd 0.435 be 0.247 efg 0.143 cd
HI12 165.69 g 22.511d 0.388 bede 0.166 h 0.115d
R4 T[RRI AR 7 I R A A 200

Table 4 Effects of different pumpkin rootstocks on the growth of watermelon plants
ETRS SE LT 2 AT 51 MEAETTAL YIS EE A MR EX il
Number Transplanting survival rate/% End-stage survival rate/% First female node  Fruit setting node  Plant height/cm Stem diameter/mm
H1 97.7 97.7 10.42 be 22.83 ab 276.75 a 10.63 be
H2 100.0 95.5 10.33 be 21.58 abe 271.50 ab 1253 a
H3 100.0 95.5 11.08 abc 21.67 abe 270.17 ab 9.08d
H4 95.5 88.6 10.08 ¢ 21.00 bed 258.08 be 10.00 cd
H5 100.0 93.2 11.42 abc 22.42 abe 267.92 ab 11.16 be
Ho6 100.0 97.7 10.42 be 22.08 abc 269.08 ab 11.35b
H7 100.0 100.0 11.92a 22.83 ab 270.25 ab 9.39d
H8 100.0 95.5 10.92 abc 20.67 cd 271.75 ab 9.96 cd
H9 100.0 100.0 11.75 ab 2342 a 270.33 ab 10.87 be
H10 97.7 93.2 11.25 abe 22.67 ab 27492 a 10.73 be
H11 100.0 95.5 10.17 ¢ 20.75 cd 268.33 ab 9.42d
HI12 97.7 86.4 8.67d 19.33d 252.92¢ 7.71e
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Table 5 Effects of different pumpkin rootstocks on
watermelon yield

g RMTE RLEE o e
Number Total .numb.er Single fruit Yield/kg Yleld
of fruit setting mass/g increase rate/%

H1 41 4094.58 a 3181.10  34.69
H2 40 3784.17 ab 286823 21.44
H3 40 3614.17 bed 2739.37 1599
H4 39 3340.75 cd 2 468.83 4.53
H5 41 3 571.67 bed 277484 1749
Ho6 38 3 870.83 ab 278722  18.01
H7 42 3 665.83 be 291746  23.53
H8 41 3661.67 be 2844.76  20.45
H9 44 3 625.42 bed 3022.69 2798
H10 41 3614.17 bed 2807.86  18.89
H11 41 3616.67 bed 2809.80 18.97
HI12 38 3280.00d 2361.79

B AR TRECH 4 A NX AR TS E . 3577 F R AL B 5 7
JI R T AR L C 7 i o

Note: The total number of setting melons refers to the total num-
ber of setting melons in 4 communities; The yield increase rate refers
to the extent to which the yield of each treatment increases compared

to the self-rooted seedlings of watermelons.
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Table 6 Effects of different pumpkin rootstock on watermelon fruit quality

i %%*ﬁﬁ% Rtz Sﬁﬁﬁ?‘é‘iﬂl %ﬁ)ﬁfi W(ﬂfﬁ‘fﬁtﬁﬁﬁf@) wCTHER)  REINAS

Number Fruit transverse ~ Fruit longitudinal ~ Fruit shape  Fruit rind Soluble solids content/% Titratable acidity Score of sensory
diameter/cm diameter/cm index thickness/mm  rfi.0y Center 1517 Edge  content/% evaluation

H1 17.79 a 18.58 a 1.044 a 9.40 abc 10.36 ab 9.16 ab 0.40 a 15.48 be

H2 17.04 abed 17.59 abed 1.033 a 8.73 be 10.44 ab 923 a 0.31 ab 1798 a

H3 17.18 abc 17.66 abed 1.029 a 10.20 a 10.24 ab 9.25a 0.28 b 14.06 ¢

H4 15.00 e 1535e¢ 1.024 a 840 ¢ 1021 b 9.19 ab 0.24b 17.35a

HS 16.69 bed 17.09 bed 1.024 a 8.68 be 10.36 ab 9.06 ab 0.29 ab 1725 a

H6 17.25 abe 17.88 abc 1.036 a 10.59 a 10.63 ab 9.36a 0.27b 16.65 ab

H7 16.28 cd 16.95 cd 1.041 a 9.75 ab 10.60 ab 9.38a 0.27b 1721 a

HS8 16.31 cd 16.64d 1.020 a 9.85 ab 10.83 a 9.38a 0.24b 16.73 ab

H9 16.44 bed 17.06 bed 1.038 a 10.08 a 10.35 ab 9.39a 0.25b 17.50 a

H10 17.45 ab 18.10 ab 1.037 a 9.79 ab 10.31 ab 9.16 ab 0.32 ab 16.63 ab

HI11 16.03d 16.60 d 1.039 a 8.48 ¢ 10.10b 8.78 b 0.24b 1440 ¢

H12 16.00d 16.55d 1.040 a 7.33d 10.40 ab 9.26a 0.27b 16.44 ab
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B4 (PC1~PC1D, /I 5 /N FE s (PCI~PCS 4] 46
FHIE(EI>1, REIT ZTTHRERIA 85.706% , HE S il
2R BB AR SRR R 07 22) , MUEELRT 5 AN
R AT I 82501 . PC1~PC5 7 ZE 5Tk 0 5 N
38.832%-18.542%+11.435%.10.259%+6.639% , £} &
23514 0.453.0.216.0.133.0.120.0.077

- 150 -

0 AR S S oR B S B 5 T R SR TR R U
B & 20, 1] A X [] -, AT Xof 285 5 504t 14647 bs AL
ab 3, 45 4 B E (PCL: 0.453. PC2: 0.216. PC3:
0.133.PC4: 0.120.PC5: 0.077) , 13 i & WG £ 4 & 1
CEGVEY DA, IEREATHEY . AR 8 T LUE
12 3 ¥R D AT 0.262~0.780 2 1], HE 4 N
H9>H7>H8>H6>H5>H2>H3> i hi A H10>
H1>bai A HI1>H4> H T



e

%5 8 1 UN

T A T TG AR I K v SRR G I KA B AR S

LA R BE R T

®7T ERSHFIEER
Table 7 Eigenvalues of principal components
WIIRRHIEE 5 22 5TikE EIW RS

PC Initial Variance contribution Cumulative variance

BB L
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eigenvalue  rate/% contribution rate/%
PCl 8155 38.832 38.832 TR AP ARG A WAL DK = B RL R N 1
PC2  3.894 18.542 57.374 17,2024 48 H 1 HZE 10 H 2 H ARS8 Eid 5
PC3 2401 11.435 68.809 B ZRATRHUAE AR A IR 7D Bom il W - iR
PC4 2.154 10.259 79.068 E y\j 31.3 °C( 1;& 1E 15.6~46.9 °C) , qz i‘/}] Tﬁ i j\j
e L 0039 700 26.2 °C, 2P IR N 74.7% (HR A 23.8%~
PC6  0.848 4.039 89.745 I T -
b7 081 3867 03,613 100.0%) - A 1 =i B B 22 /N IR 8 3 B0 R
PCO 0365 1740 98.228 AR  AEAE PR ) AR ER SE ) K B I 2 32 31—
PCI0 0217 1031 99,259 SE MR, 5 036 #0084 T3R5 3R 5 6
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Table 8 Membership function analysis results of yield and quality indexes of different pumpkin rootstock
grafting combinations
4oz I ke gl fn s
i g;)rcrlli?:li:{riive index(CD) i;e?niiijhi}%:ie of comprehensive index(U) D 4
Number D value Rank
CIl1 CI2 CI3 Cl4 CI5 Ul U2 U3 U4 Us
H1 352  -3.37 -2.11 -0.03 -0.80 1.00 0.00 0.10 0.49 0.16 0.538 9
H2 1.67  -2.59 0.35 1.29 1.09 0.83 0.13 0.54 0.77 0.72 0.622 6
H3 -0.46 1.83 -1.05 -0.93 -0.85 0.63 0.85 0.29 0.30 0.15 0.556 7
H4 -193 -2.73 2.98 -2.39 -0.27 0.50 0.10 1.00 0.00 0.32 0.406 11
HS5 0.11 0.03 0.45 -0.23 2.02 0.69 0.55 0.55 0.45 1.00 0.636 5
H6 0.80 -0.24 -0.30 2.41 -0.81 0.75 0.51 0.42 1.00 0.16 0.638 4
H7 2.52 1.49 1.23 -0.15 -0.54 0.91 0.79 0.69 0.47 0.24 0.749 2
HS8 -0.20 1.68 1.28 1.97 1.17 0.66 0.82 0.70 0.91 0.75 0.735 3
H9 2.68 2.77 0.83 -0.61 -0.52 0.92 1.00 0.62 0.37 0.24 0.780 1
HI10 0.30 0.63 -0.59 -0.88 -1.35 0.70 0.65 0.37 0.32 0.00 0.547 8
HI1l -1.72 0.84 -2.69 -1.71 1.82 0.52 0.69 0.00 0.14 0.94 0.472 10
H12 =730 -0.33 -0.38 1.26 -0.96 0.00 0.50 0.41 0.76 0.11 0.262 12
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