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Effects and evaluation of tomato rootstock on the yield and quality of

fresh tomato in solar greenhouse

YANG Dongyan, WANG Dan, ZHAO Yunxia

(Horticulture Research Institute, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750002, Ningxia, China)

Abstract: To screen suitable rootstock varieties for the grafting cultivation of fresh tomato in Ningxia solar greenhouse,
the fresh tomato variety Jingcai No. 6 was used as the scion. The effects of nine tomato rootstocks on the growth, yield,
and quality of fresh tomato grafted plants were studied at different crop lengths in the solar greenhouse, and a comprehen-
sive evaluation was conducted. The results showed that compared with CK, all nine rootstock varieties significantly in-
creased the height and growth rate of grafted tomato plants, promoted the increase of leaf nodes and some rootstocks
could also increase the growth rate of stem diameter in both spring and autumn cultivation in the solar greenhouse. The in-
cidence of viral diseases in plants grafted with 5 rootstocks in spring and 9 rootstocks in autumn significantly decreased.
Different rootstocks increased the average yield of fresh tomato in spring and autumn by 24.85% and 52.56%, respective-
ly, with varying increases among different rootstock varieties. Compared with CK, partial rootstock grafting reduced the
soluble solids content of the fruit, but increased the soluble sugar content and sugar acid ratio. By using flavor indicators,
commodity indicators, growth indicators, and nutritional indicators for analytical hierarchy process (AHP) and weight-
ing, the DTOPSIS method was used to calculate the ranking, it was found that Huizhen No. 1 ZZ1 and Oubei Tomato OB
ranked among the top three in spring and autumn cultivation. The grafted plants showed excellent growth, resistance,
yield, and quality, and can be used as reference rootstocks for fresh tomato in solar greenhouse in Ningxia.
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Table 1 Name and source of test materials

M5 AR KR

No. Variety name Source

HD 21 4% Hongding
HD2 Z1.4% 2 5 Hongding No. 2

GZ ML Tomato Genzhen
OB ¥k 13 Al Obei tomato

WD F A LA Tomato Wudi
771 HLAl 1 5 Huizhen No. 1
YY1 B} 1 5 Yeyuan No.1
YY2 B} 2 5 Yeyuan No. 1
TF KAf Tianfu

CK 5K 6 5 Jingcai No. 6

THEEM AR 5T/ A | Ningxia Jufeng Seed Co., Ltd.

THEEFEM AT A A Ningxia Jufeng Seed Co., Ltd.

BVER AR (R ED A PR/ F] Taiwan Nongyou Seedling (China) Co., Ltd.

JEsERAB R R AT IR 24 7] Beijing Zenong Weiye Agricultural Technology Co., Ltd.
TR 556 4% 25 B I Bl 7 47 FR A 7] Shandong Shouguang Geling Huitian Seedling Co., Ltd.
W LA L FLHEBE Zhejiang Academy of Agricultural Sciences

LTI SR AT PR 2 7] Weifang Runpeng Seed Co., Ltd.

WD TS Fh 1 4 R 23 7] Weifang Runpeng Seed Co., Ltd.

e TSN 45 PR 22 7] Weifang Runpeng Seed Co., Ltd.

BB AR KR R A PR /A 7] Beijing Modern Farmer Seed Technology Co., Ltd.
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Note: Different lowercase letters in the same period indicate significant differences at 0.05 level. The same below.
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Table 2 Effects of different rootstocks on the growth of grafted plants

RS *ﬂi%i{zﬂéi ) %*ﬂi{tﬁ”ﬁi ) il A B ] . )
Variety No. Plant height growth rate/(cm-d™) Stem thickness growth rate/(mm-d™") Leaf emergence time/(d - leaf")

F# Spring K #H Autumn F#E Spring K Autumn 4 Spring FK#H Autumn
CK 3.39+0.15 f 1.95+0.32d 0.112+0.02 d 0.037+0.008 e 2.29+0.06 a 3.19+0.34 a
HD 4.60+0.12 a 3.63+0.12 a 0.172+0.02 abc 0.033+0.009 e 1.58+0.08 b 1.93+0.17 d
HD2 4.33+0.03 bed 3.54+0.06 a 0.134+0.03 cd 0.081+0.007 b 1.80+0.06 b 2.27+0.15¢
GZ 4.21£0.13 cd 2.77+0.11 ¢ 0.131£0.01 cd 0.051+0.003 cd 1.70£0.11 b 2.174£0.08 cd
OB 4.10+0.12 d 3.51+0.28 a 0.169+0.02 abc 0.082+0.006 b 1.77+0.10 b 2.3740.09 be
WD 3.86+0.09 e 2.87+0.22 ¢ 0.180+0.02 ab 0.057+0.006 cd 1.77+0.10 b 2.384+0.20 be
TF 4.34+0.02 be 3.41+0.21 ab 0.160+0.02 abc 0.045+0.005 de 1.84+0.06 b 2.49+0.11 be
771 4.43+0.05 abc 2.93+0.21 ¢ 0.144+0.04 bed 0.099+0.001 a 1.73+£0.06 b 2.18+0.15 cd
YY1 4.32+0.04 bed 3.12+0.21 be 0.136+0.01 bed 0.076+0.010 b 1.77+£0.10 b 2.63+0.20 b
YY2 4.48+0.05 ab 3.34+0.24 ab 0.196+0.01 a 0.080+0.016 b 1.80+0.06 b 2.71£0.29 b

T FA BT R AN E NS FRERIRAE 0.05 KT EREE. T,

Note: Different lowercase letters in the same column indicate significant difference at 0.05 level. The same below.
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Table 4 Effects of different rootstock grafting on fruit quality

S R i w(ﬁiﬁ‘ﬁﬂ%%) wCRIEVERD 7 w(,%'ﬂ?) 7
2 Peel hardness/(kg-cm™) Soluble solids content/% Soluble sugar content/(mg-g"') Total acid content/(g-kg")
Variety No. 1 ke e e tie ki e i

Spring Autumn Spring Autumn Spring Autumn Spring Autumn
CK 1.93+0.04 ab 2.64+0.11 a 7.77+0.06 b 7.37£0.06 a 22.83+1.26 fg  40.47+1.53 be 4.4140.08d  6.79+0.19a
HD 1.63+0.12 cd  1.57+£0.09 ¢ 6.27+0.06 f 5.53+0.15 f 22.07£0.83 g  36.32+0.88 ¢ 4.54+0.06d  4.30+0.28 ¢
HD2 2.00+0.09 ab 2.06+0.29 c¢cd  7.17+0.12 ¢ 6.63+0.15 cd 28.91+1.09 cd  43.82+2.99 ab 4.44+0.06d  6.30+0.16 b
GZ 1.93+0.11 ab  1.95+0.08 d 8.30+0.06 a 7.17+0.64 ab 28.05+0.37e  43.99+£8.33 ab 5.06+0.08 a 5.46+0.02 ¢
OB 1.99+0.18 ab 2.43+0.17ab  7.67+0.06 ¢ 6.17+0.15 ¢ 35.4540.79a  42.43£1.48Db 4.09+0.07 e 5.56+0.17 ¢
WD 1.65+0.07 cd  2.66+0.13 a 7.43+0.15d 6.87+0.15 be 31.9742.19b  43.18+1.84 ab 4.60+£0.06 cd  6.74+0.27 a
TF 1.82+0.13 bc  2.45+0.14ab  7.20+0.12 ¢ 6.37+0.15 de 30.59+1.69 bec  43.60+2.57 ab 4.8240.05b  5.31£0.20 cd
771 2.08£0.21a  2.16+0.06 cd 7.80+0.06 b 7.33+0.15a 28.18t1.04e  48.68+t1.30a 4.18+0.20 ¢ 6.34+0.15b
YY1 1.57+0.07d  2.2740.13bc  7.27+0.06 ¢ 6.83+0.15 be 27.07£0.99 ¢  45.42+1.77 ab 4.93+0.06 ab  5.04+0.13 d
YY2 1.9240.05ab 2.11+0.17 cd 5.93+0.06 g 7.40+0.20 a 24.44+1.10f  45.1241.76 ab 4.75+0.27 bc  6.22+0.16 b

P2 LE w(ERMLFD wCAlVETEER ) w(iE# ©
SLFRgEE Sugar acid ratio Lycopene content/(mg-kg") Soluble protein content/(mg-g')  Vitamin C content/(mg-kg")
Variety No. 5 Wit i Wit % Wit i W

Spring Autumn Spring Autumn Spring Autumn Spring Autumn
CK 5.18+0.38 cd  5.96+0.23 194.45+11.91 ef 214.26+13.36 b  0.58+£0.05cd  0.71+0.04 a 188.0743.03d 151.54+7.21 a
HD 4.8740.12d  8.45+0.32 ab 74.50+9.37h  155.5540.98 g 0.61+0.05bcd  0.53+0.02 de 138.19+£3.03 f 133.08+2.59 b
HD2 6.5140.32b  6.95+0.45 de 136.47+5.87 g 186.34+2.44 def 0.52+0.12 d 0.58+0.02 be 174.10+1.73 ¢ 133.80+4.38 b
GZ 5.54£0.13 ¢ 8.06£1.50 abc  169.26+15.90 f 198.20+7.71 cd  0.55+0.02 d 0.57+0.01 bed 202.87+2.88 ¢ 112.22+4.38 ¢
OB 8.67£0.33a  7.63£0.13bcd  212.85+23.10de 175.11+£3.28 f  0.60£0.02cd  0.51+0.01 ¢ 188.57£3.46d 131.40+5.10 b
WD 6.95£0.43b  6.41+0.03 ef  225.67+14.37 c¢d 187.75£6.10 de  0.59+0.02cd  0.58+0.02 bc 177.93£2.88 ¢ 126.12+7.21 b
TF 6.35£0.34b 821023 abc  189.66+9.26 ef 179.85+2.04 ef  0.64+£0.01 bc  0.55+0.01 cde 202.04+2.49 ¢ 131.88+4.79 b
771 6.76£0.57b  7.68+0.03bcd 294.21+30.91 a 231.16+£7.42a  0.81+0.04a 0.58+0.03 be 213.02£2.59b 148.42+6.49 a
YY1 5.49+0.27cd 9.01+£0.56 a 265.56£11.96b 153.79£8.66 g  0.69+0.03 b 0.57+0.02 bed 232.80+2.88a 151.54+6.84 a
YY2 5.16+0.41 cd 7.25+0.10 cde  245.81+12.23 bc 206.48+6.06 bc  0.86+0.01 a 0.59+0.01 b 138.02+2.88 f 149.62+6.15 a
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Fig. 2 Effects of different rootstocks on the incidence of viral diseases in tomato plants
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Table 5 Weights of watermelon evaluation index based on analytic hierarchy process (AHP)

JZIR Layer

PR

Comparison scale

SR A
Local weights

IREHRUE
Final weights

— R SR

Consistency test parameters

Hir)Z C C 1 0.061 6
Target layer C C, 3 0.184 7
C; 5 0.307 8
C, 7 0.446 0
B IR BENZ C Cu 1 0.1157
Nutritional quality criteria layer C; ¢, 3 0.326 4
Cis 5 0.5579
AR BTHEN G Ca 1 0.065 0
Growth quality criteria layer C, Ca 2 0.130 0
Cys 3 0.1950
Ca 4 0.260 0
Cys 5 0.3500
A it i BT E U ) G Cy 1 0.064 4
Product quality criteria layer C; Cs 3 0.184 5
Css 5 0.300 2
Cy 7 0.4509
AU i ST DI Ca Ca 1 0.0814
Flavor quality criteria layer C Car 2 0.1856
Cs 4 0.3258
Cus 5 0.407 2

0.061 6 CR=0.013 2<0.10
0.184 7 Ama=4.03

0.307 8

0.446 0

0.007 1 CR=0.087 1<0.10
0.020 1 Knx=3.09

0.034 3

0.0120 CR=0.017 6<0.10
0.024 0 Ane=5.078 6
0.036 0

0.048 0

0.064 6

0.019 8 CR=0.027 5<0.10
0.056 8 Ane=4.073 5
0.092 4

0.138 8

0.036 3 CR=0.054 1<0.10
0.082 8 hn=4.144 4
0.1453

0.1816

- EUERR I, 1 O FIRE B, 3 ORI 2L, 5 NI R L, 7 O B, 2.4 Dy LR AR AR FI T T RE . CR FR RS — EMERG T R 4L
(<0.100 , RV ELAT BEAR R R — S50 s X s BORARFAEAEL

Note: In the comparison scale, 1 is equally important, 3 is slightly important, 5 is significantly important, 7 is the most important, and 2 and 4

are the intermediate values of the adjacent judgments mentioned above. CR: The matrix consistency test coefficient (<0.10) indicates overall satisfac-

tory consistency; Aw.: Maximum eigenvalue.

B BRI S0k . B R AR TR AR AL R
(RIHER N B R L (Cu) > RN VAVEE T & & (Cay) >
PR (Cay) > FLRL B () > AT VA & B (Ci) >
I BE I KR AE 2 (Cas) > R B2 B BE (Cap) > I 4l 2 T8
F(Co) > MR B (Co) > M A K EE(Cy) >F
LR G (Co) > ZHAKBR(C) >4E R C
FE(Cp) > RILIRE(C) > H R 5 (Co) > 1l i
PEERASREC) . PHEREL 7= B 20 R AR R 2
TG R (it o 75 38 00 2 % R R 48 A

2.6.2 A F DTOPSIS ik #9454 % 0 & i 42 & 9F
M BT AHP E#E & TabaBCE , #i#E DTOPSIS
SITTTIE TR REMKAE S C . HEK6
AEN, A — B AR ) B A AR EAN A AR K TR

% 6 DTOPSIS ST R RHEEF
Table 6 DTOPSIS analysis and excellent ranking

g G HE/¥ Rank
Variety No. #:7 Spring FK#E Autumn  #7 Spring FK#E Autumn

CK 0.266 5 0.283 3 9 10
HD 0.1797 0.583 8 10 5
HD2 0.420 4 0.5713 4 6
Gz 0.3379 0.617 8 7 3
OB 0.594 7 0.676 4 2 2
WD 0.603 7 0.3833 1 9
TF 0.378 0 0.604 3 6 4
771 0.5911 0.686 8 3 1
YY1 0.283 5 0.569 0 8 7
YY2 0.3982 0.426 8 5 8
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