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Resistance evaluation of six tomato rootstock varieties to Fusarium wilt

and salt stress

SUN Qingzhen', HE Manli', LIU Hengxin', YANG Chenyu', SHEN Shunshan’, PIAO Fengzhi', DU
Nanshan'

(1. College of Horticulture, Henan Agricultural University, Zhengzhou 450046, Henan, China; 2. College of Plant Protection, Henan Ag-
ricultural University, Zhengzhou 450046, Henan, China)

Abstract: In order to address the frequent occurrence of Fusarium wilt and the decline in yield and quality caused by soil
salinization in tomato cultivation, this study conducted screening of tomato rootstock resistant to wilt disease and salt
tolerance. Using the wild-type tomato Ailsa Craig as the control, the resistance to Fusarium wilt and salt stress in seedling
stage of commercial tomato Fendu Golden Crown King and 6 rootstock cultivars were identified. The methods of artificial
inoculation of Fusarium wilt and root irrigation with 250 mmol - L™ NaCl solution were used to conduct phenotypic analy-
sis and physiological index determination through pot experiment, and the disease resistance and salt tolerance of the test
materials were comprehensively evaluated. The results showed that after 14 days of inoculation with Fusarium wilt patho-
gen, Strong Rootstock 73 exhibited significant resistance to Fusarium wilt disease, with a disease index of 14.17%, which
was significantly lower than the control and other rootstock varieties. Compared with AC and commercial cultivars, the
disease index of the other six rootstock varieties decreased by 82.17% and 69.63%, respectively. The disease index of the
other six rootstock varieties ranged from 33.75% to 79.17%, indicating low resistance. At the same time, the antioxidant
enzyme activity and the expression levels of pathogenesis-related protein genes (PRI and PRS5)in Strong Rootstock 73
were significantly higher than those in Qiangzhen 100 and Strong Rootstock 74, which were positively correlated with its
disase resistancet. After 14 days of salt treatment, the salt damage index of Strong Rootstock 74 was 18.33%, which was

68.21% and 42.12% lower than that of AC and commercial cultivars, respectively, demonstrating strong salt tolerance.
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The content of malondialdehyde, relative conductivity, superoxide anion content, and hydrogen peroxide content in

Strong Rootstock 74 were significantly lower than those in Strong Rootstock 100 and Strong Rootstock 73, while the ac-

tivity of antioxidant enzymes increased significantly, which was positively correlated with its salt tolerance. The tomato

rootstocks screened out in this experiment for resistance to Fusarium wilt, Strong Rootstock 73 and salt tolerance tomato

rootstock Strong Rootstock 74, provide high-quality materials for tomato stress-resistant cultivation and lay important ma-

terial for subsequent study.

Key words: Tomato rootstock; Fusarium wilt; Salt stress; Antioxidant enzyme activity; Disease resistance; Salt tolerance
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Table 1 Genes and primes used for real-time qRT-PCR analysis
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Fig. 1 Growth of different tomato rootstock cultivars under Fusarium wilt stress
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Fig. 2 Effects of Fusarium wilt stress on chlorophyll fluorescence and membrane system of tomato rootstock cultivars
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Fig. 3 Effects of wilt pathogen stress on tomato antioxidant enzyme system of different stock cultivars

JEZ g% B 6 iTLUE H, £ NaCl &2 T,
QZ74 F i 4 & W 6 B 3 T QZ100 A1 QZ73,
SR FARXT 5 8433 & QZ73 F1 QZ100 ) 1.67 1%+
1.74 £, X R B ER A 58 20406 17 QZ73 F1 QZ100
PSILR N O (13 P 5200 6% BE TR 4l 38 S e 10 3k
RN R VSR QZ74 1) PSIIAZ £ kil (1) 52 2
FERUER , e 0 I M 4k 35 S LR I AR E 1, IR FEO
A VB FIAH XS FRE -

W E 6 it , 5 NaCl i F ) Qz73 M
QZ100 fHEL , QZ74 HIAHXS HL T2 B PR K . Bhah,

TEER WA %A1 T, QZ74 1) MDA 7 & 2 3% FFAIK,
SRR QZ74 R G AE SRl T REAS BT Hh AR+
SERENE, AEFRAE MR I AR ER TR . BG4, R
W27 S A (RO FIFL R, i & 1) ROS & Wi
FEERE S 51 R B AR I S AL, 72 28 MDA, 75 25 i ia b 21
14 d J5,QZ74 ) MDA & & AH b QZ73 A1 QZ100
I3 B> T 106.03% -+ 125.98% , 1% 78 43 i B QZ74
HA SR ROS IGFRAE T, Be 08 A HO I G 4
ORRRE , EFF IR R RN FREME

223 it R & e Ak K AL B ACEE R AR

.89.



X ISR 5T

i P %384
A 150 1 B 2500
- b ~ b a
o E 50 # 5 1500
R 2 = 3 T
= 5 - 4 X _]_
TE 9 £ £ 1000 c
SR ; E —+
& e = 500
— 3L ~
0 0
AC Qz74  Qz73  QZ100 AC QZ74  Qz73  QZ100
fh A Cultivar AP Cultivar
c 25 30r
a “ a
W g 20 5= 20 =
s =3 -
R 2 Rz 3
T 2 3 b b E 'g b
o v _’% wn
g g = = % 2F b ‘l—
Z 1.0 —t— % b _-'_
# 2 c e == 1
= Z o5 3T £ 3 | |
<5 &
~ il
0.0~ - - . o= ' ' '
AC QZ74 QZ73 QZ100 AC Qz74 Qz73 QZ100

A Cultivar

i Cultivar

4 REREMEXNTEMARMPEMNARZSEMFRIRBREEEEUARMBHEXEEERRAENTIT
Fig. 4 Effects of wilt pathoge n stress on the content of lignin and phenylalanine ammonia lyase activity and disease
resistance related protein gene expression in tomato of different stock cultivars

oy W 7R, QZ74 B H.0, & B (b)
A 0.45 umol-g', O, & &N 114.27nmol-g ', It i, F
SOD ¥f ik %] 60.89 U - g', POD & N
3 572.00 U-g',CAT & 14~ 553.86nmol - g - min ™',
APX M4 3.02 yumol-g " min'. 1 QZ73 A1 QZ100
(I B HO, & & 43 7~ 0.63.0.82 pmol-g ', 0, = &
B0 AN 258.64.141.72 nmol - g LA, H SOD 7%
PEZr ik 3] 29.66.34.21 U- g, POD ¥ 1% 70 il
1 025.33.2 632.00 U - g', CAT 3% ¥ 2 5 A
141.68 - 186.35 nmol - min' - g, APX 3% 1% 43 5 N
2.45.2.46 umol - g -min"', H L3R B, NaCl 4t # J5
QZ74 P AE A B F Gt et A RO g O, 8 it
2 PhpUE A B 0 B R4 F 5 v 20kt 375 i 40 L P )
TG M R T 90 A T AR R 1 AR A R 0, I A
HE— BRI T ARG A &R A i Eh 1 22 R
Az B AL o

3 e i
il AR 2 R MK B SR 2R A 7 At o Y R B

.90.

HEz—, HREERNCEERTRIZRLSS
GRS A R R R IEE AT
RIVERCY . AR ARG RE N AR ER G, %
WSS ey 2 ANE N S8 SRR T NP
QZ73 MR R T EFEIEN T HAL G . 2R EK
PO 25995 I 2 i K 0 R AT AT R, 3R i R R
21 d 5, Uik sR o) ak R i A SPAD A 3 = T X
FReY, 5 IR aE B — 8, kPRI 2 BIRS ZE0
12 Yl #h W8 , MR 2 7 AR — R B AE B A A S B
ATHA , A P E AL B E MR AR N R . DL
SOD.POD. CAT 45 A3 B HT Ak B 78 U4 15 75 1t
AU BTl L EEAE ™. AR R
L J5,QZ73 A AN B 1 B % 4 1 SODPOD . CAT
APX SETE PRI TR 5, 1X 54 290 1R e A R
FAER—H, HEFHEDRI, HME B Ik
ZEJEW G, FOKRBIAR R B 21900, 4 B o FE 1
R, A AT B R 5 3B, N
MR £ I 40 o e, T 5 S5 AR % JS 40 T 2R TR R AR
Pt v A R T v, 3K DA I R AP I



INEE, 2. 6 AT A TR 2 1 % BRI O B A BEHF 5T

Number of plants showing symptoms

Plant height/cm

R i

*/

QZ73 QZ100 QZ59 QZ103 QZ74 Qz71

14 cm

- ) =3 om4 =35 c 80
a
b -
o 60F o
= C
o=
T~ e e e
. 5
e # g f
« E 20 I_j
N s N L L s 0
QZ100 QZ103 FD AC QZ100 QZ103 FD
Qz73  Qz59  Qz74  QZTI Qz73 - Qz59 Q774 Qz71
f il Cultivar i Cultivar
E 3 a
15.0 = b
> Ea
12.5 b a 5 4 c ¢
=l L . om E LS d W
10.0 4 . & § 3 .
e e H &
7.5 - o f
i g 2F
5.0 i
: 2 5
> 1f
2.5 2
<
0.0 0
AC QZ100 QZ103 FD AC QZ100 QZ103 FD
QZ73 Qz59  Qz74  QZ7 Q773 QZ59 Q774 Qz71
mi A Cultivar fi Pl Cultivar

5 EMETARMABMEMAEKIE

Fig. 5 Growth conditions of tomato plants grafted on different rootstocks under salt stress

.91.



IR IERF T o SN £ R 23 $38%E
F G
0.8 2.0r a
z 2 b g 5]
3 <
i £ 06f c iz E L5
=Gy i b
= d d e c
;mt T 04 d 2 5 1o d :
i B e e = § e
= 2 & f
z 02 =5 0.5f¢ g
el el
- 5 1]
0.0 : - : : - 0.0 : : .
AC QZ73 QZ100 QZ59 QZ103 QZ74 FD QZ71 AC QZ73 QZ100 QZ59 QZ103 QZ74 FD QZ71
i Fit Cultivar fb it Cultivar
H
0.150;
e 0.125
i o0 ! b
il .
& g M
o= 0075F d
fE 5 e
- £
= & 0.050f g g
3
[=
0.000-1— L : : : . : .
AC QZ73 QZ100 QZ59 QZ103 QZ74 FD QZ71
S Cultivar
5 (&)
Fig. 5 (Continued)
A AC QZ100 QZ73 Q774

B C

D
- 50
= a 2 80 80,
3] ——= K5 a
®5 A b g == b 2 b a
oo = g 60 o0 60p @ b
=2 c 5 3
ZEnQ 30 — ¢ g g
ZE3 L T —+ = S4q
= By 400 c Z:40
i = @ 99 = £ d < c
w2 =< Q9 <!
i Es S 20
= QO i
£ 10 ° 20 E
5 : =
0 ! é’ 0 0
AC  QZ74 QZ73 QZ100 AC  QZ74 QZ73 QZ100 AC  Qz74 Qz73 QZ100
fmFf Cultivar il Cultivar 54 Fd Cultivar

6 EEMEITEIARBIMEIMM R RFR R G

Fig. 6 Effects of salt stress on chlorophyll fluorescence and membrane system of tomato rootstock cultivars

.92.



X ISR 5T

%8 FNEES, & 2 6 /N At Al A S I OR AL 2595 B B R b8 e B DAY
A B C
1.0 300 . 80
a =
~ 08 b = ~ N a
o0 c o0 7760 =
= o6 5 200f b M 2
=l G d == e c
< 04 =< 8 2 d
5 « 100} 7 3
Z 02 S 2%
z < 2
0.0 0 -
AC QZ74 QZ73 QZ100 AC QZ74 Qz73 QZ100 AC QZ74 QZ73 QZ100
it Cultivar b Cultivar . fibFft Cultivar
D E ~
~ 800 = 4
4000 a EE g
~ —— E " a
- E a T 3
23000¢ b by 600 w2 b b
e = 4 =
55 EE o AR
~ 52000 2 b 2
o3 C <> < £
= c e d c 21
= 200 5
S1000f [ ] 2 c
A = | | SR -
: ; i . < 0 X < AC 774 i
0 Q Qz73  QZ100
AC  Qz74 Qz73 Qzloo © AC - QZ74  Qz73  QZ100 " .
Ll Cultivar iRl Cultivar s i Cultivar
7 EpEXNAEMAGRIHEMRNECERZF0

Fig. 7 Effects of salt stress on antioxidant enzyme system of tomato rootstock cultivars

BT RES ). TEART R, B Rk 2 5, QZ73
VNG e 1B SN g ] AR CR ST Pa =T
X5 HEYMHF SR . Li HPHRE
B, Ak 25990 B 12 2 S5 2 0S PRI S5 U AH G R 36
i EAH FE R, 5 H ARG A SRR A B, QZ73 19
FEMLE LN PRILPRS Rk EiRtmlR LR K,
W B A 225 1A S T A0S 2 i 1R B A O KR
DRI 18, DT ) S 52 % () )5 4 I 2%, X b5 Li 45
(IR AL R — 5

e 14 d 5, 5 AC AR A AR LE , Bl

A T 0 AR v~ R B O R AN T T R BRI, X
55 R AR Eh P 0 ) 7 AR A T LA R —
. Qz74 HikkE 9 11.57 em, il i I 5 Hom gt &
SR VBSRERI,QZ74 2 FHFE LT HAl
RIS, RIS R 31, X 5 2 S T 7T
gER 3, ThEMHE T QZ74 M A NI SOD.POD #i
CAT V& 1t 3 5 , IF 2 35 B4 1 i 7 A Ha0.. 000 2
MDA & &, 1X 5 51 Bl A (1 i 5 58 77856 1) 75 it
Fili A i b 8 % i 56 1 55 9 T 00 1 495 T ) 4 SR
—%

gi L prik , N MRS 20 1, IR R

F 250 mmol - L' NaCl ¥ ¥ AT #E AR Ak 38 1 5 =X
FFRE T v B 2 Pk 5 ER P A i 52 4 4 e T
PE o a3 s D i e tH Bl 22 Al R QZ73 St #h il
K QZ74, MUNFE AP ARIG I T LA KL, t

NG

SR APTIE A BRI BOR AL S5 AR ST T 2L

JE BB

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

SE 30k
S ER . FE AP BT BRI AN K B ARG AT i A ik F [D]. B T
JTPER 52024
MESCF, BARDE  WRF, A8 AN R A P2 38 Tt 0 Bl R R
FrE ] AR AR AN, 2024,51(12) :64-75.
FER TP RIS AR AL B R )] R EE
2015(5):74-75.
SINGH V K, SINGH H B, UPADHYA R S. Role of fusaric acid
in the development of ‘Fusarium wilt’ symptoms in tomato:
Physiological , biochemical and proteomic perspectives[J]. Plant
Physiology and Biochemistry,2017,118:320-332.
ZURIEGA Q, ZHENG Y R, LIU H, et al. Current progress on
pathogenicity-related transcription factors in Fusarium oxyspo-
rum[J].Molecular Plant Pathology,2021,22(7):882-895.
Fig, KA, R AF B ZW R RT-PCR A I BRI 2
LR B SR ,2022,49(11) :2479-2488.
SRINIVA C,DEVI D N, MURTHY K N, et al. Fusarium oxys-
porum f. sp. lycopersici causal agent of vascular wilt disease of
tomato: Biology to diversity: A review[J]. Saudi Journal of Bio-
logical Sciences,2019,26(7):1315-1324.
TS BRI, G, 45 . — R A0 R 220 1 B R 1 O i L
5 MALARSCAFHETT[I]. T B AR A 22 4 CH AR B2 RO
2023,40(3):174-181.
R, JEARIE /N, A SRR AR I R 2 A U AR S
FRFIFEIRT] AT B 2024(10) : 52-55.
LITD,YANG X P,YU Y,et al. Domestication of wild tomato

is accelerated by genome - editing[J]. Nature Biotechnology,

.93.



X ISR 5T

o

LG

38 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

2018,36(12) : 1160 - 1163.

AR L, FOUEE AR AR, &5 AR SR AR TR A E A B
o AR R A AT SR ST B R e [ iRk 22 4, 2021,
37(6):108-113.

FHL S FEUKAN, A, S AR AU S T A il
WA KA R [Cly b [ 2% 2 p E [ 2% 2
2015 SFEEEARE LRI L, 2015:136.

TRAG A, R T, X SLAR, 45 AR A (R R P 18 2 SR AV
M- AR R 240 CE AR RRD 2023, 54(6) :820-827 .
KT, R85, FRAR , 45 L IGCHXT B 00 &« it 0T BT 3 44 52
MERE VR[] 1 254K, 2017,44(6) : 1094-1104.
BEA . H A CmoNACT Fl CeO, 4K RHR iy 5 S #h
PERIALEI[D] . B = el K2, 2024

WANG F B, KONG W L, WONG G et al. AtMYBI12 regulates
flavonoids accumulation and abiotic stress tolerance in transgen-
ic Arabidopsis thaliana[J]. Molecular Genetics and Genomics,
2016,291(4):1545-1559.

DU N S, GUO H, FU R K, et al. Comparative transcriptome
analysis and genetic methods revealed the biocontrol mecha-
nism of Paenibacillus polymyxa NSY50 against tomato Fusari-
um wilt[J]. International Journal of Molecular Sciences,2022,23
(18):10907.

DU N S, XUE L, XUE D Q, et al. The transcription factor SI-
NAPI increases salt tolerance by modulating ion homeostasis
and ROS metabolism in Solanum lycopersicum[J]. Gene, 2023,
849:146906.

BERE, M0, S0RE, A5 . BT Sh AR BRI AR TR (0 07 AP AN 0]
RS, 2021,34(9):26-32.

KB BT 7 0 AR A L b JSURH 3 14 (0 8 G R i B VA A

.94.

(21]
[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

BYHA[D]. b AR Ze % - I AR R0k, 2017

EER YA A M. AR R m AR ECE R, 2008

BE TN, B, S AMIR IR R A 2
g A 4 v 0 AR B B2 W [J/OL]. 7 b &k % i, 1-8
(2024-10-09) [2025-04-16]. https://link.cnki.net/urlid/61.1220.
5.20250415.2013.004.

CHU N, ZHOU J R, ROTT P C, et al. ScPR1 plays a positive
role in the regulation of resistance to diverse stresses in sugar-
cane (Saccharum spp.) and Arabidopsis thaliana[J]. Industrial
Crops and Products,2022,180:114736.

DY, T H L IBIMA, 45 AR S) 7 AR R GO SRR 2=
95 B P HLAI[I]. A A 22 24 36, 1-13(2025-01-26) . https:/link.
cnki.net/urlid/21.0048.Q.20250310.1649.004.

LR, I B A AN T R R
KX 2 B A 2 T PR 2L (0] - o BRI 272, 2025, 58
(1):75-90.

LIJT,YANG L M,DING S Z, et al.Plant PR1 rescues conden-
sation of the plastid iron - sulfur protein by a fungal effector[J].
Nature Plants,2024,10:1775-1789.

FB TLE M, 55 30 A R 5 il R v S S VR FE AR T
A e A 56 ] . HH LB, 2014(2) 2 24-30.

L, SRR AT E, A BRI e A v AR A A B
FEPE R EZHA L] AR AR G725 40, 2022, 50(8) : 5-14.
BLORA, RIGEE , FONE SR, A% . HM IR A ARG A I G )
B VRUIER B RO A RS (D] R AR SR, 2020,
31(9):3075-3084.



