FEP e B2
ACTA PHYTOPATHOLOGICA SINICA 51(1): 59-69(2021)

doi : 10.13926/].cnki.apps.000356

3 S AR T SR E R R I N E R R IE S S VERE

kol Foum &AL E R FAR, e FET RAR ALK

(Mg AL KR, KA 030801 32 EAR L KA AR B, B 5T 100193)

T A A 20 R SRR R B R, 2 —Fh AL P ™ B A A L AR 2 AN SR B0 1 6 B R AR, B
WAL ( Fusarium oxysporum) JRHLEE (F. solani) 27 5 Mg 26 A 92 B, D2 T RS s R UL T R[] AP A& A= 38
A Ak N7 1 22 57, DAHE ST DOS R O A9 A BRI A AR S AR . L 28 i b B0 A SF ] AR 5 17 38 250k 3 5 320 TR A
Ji R SR R R DO SRR < ARR PR I 3R B AR XA o 5 T R 0, O R LA AN A PR AT
it 0 K T P < SR TR TR AR e ) R R B e R S A A B T A SR 0 R T A B o e 32 B R
VSR S T, iz FHSRJE SR EO YUK RE 1A TER A VA , MU 44 B R RS AL I (F. oxysporum ) P M5 1)
SN . AHR IR > FLAT > KU > BRLL > BBl Mg A SRS AR B (. solani) PURTE SR EISSHKRK N . < 4k
(8 > FLAT " > HEL1 > M > BB A LR A A O SR A AE DU A LER B T BRI Tk

SRR MWL AE s A s DU I 5 A A N 5 A T

Differential responses of Chrysanthemum morifolium varieties to Fusarium infec-

tion and synthetic evaluation of resistance ZHANG Hong', NIU Kai-li', NIE Mei', Wang
Chen', NIU Yan-bing', LU Jin-hui'*, ZHANG Chun-lai', SUN Wen-xian® ('Shanxi Agricultural University,
Taigu 030801, China;”College of Plant Protection,China Agricultural University , Beijing100193 , China)

Abstract: Soilborne disease Fusarium wilt, caused by Fusarium oxysporum and F. solani threatens chrysanthe-
mum production seriously. However, there was no report on the difference of physiological and biochemical
responses between the resistant and susceptible varieties. To establish the physiological and biochemical indexes
for the selection of resistant varieties, two Fusarium strains with strong pathogenicity were inoculated into the
seedlings of five Chrysanthemum morifolium varieties, and the morphological, physiological and biochemical
responses of different varieties infected with the pathogen were measured in this study.

The results showed that the disease index of C.morifolium was negaticely correlated with disease resistance
after infection . With the development of the disease, the content of leaf chlorophyll (Chl) content increased
slightly and then decreased, and the content of Chl in resistant variety ‘ Qiaofenge’ was higher than the other
varieties tested. The content of malondialdehyde (MDA ) increased after infection. The MDA content was signifi-
cantly higher in susceptible variety ‘Linglong’ than those in resistant varieties, and it was negatively correlated
with disease resistance of varieties. The proline content increased rapidly in resistant varieties, showing that the
higher the content of peoline, the stronger the disease resistance of varieties, The content of soluble protein
(SPC) increased firstly and then decreased during infection and it was higher in resistant varieties than that in

susceptible ones. The activities of leaf superoxide dismutase (SOD) and peroxidase (POD) increased first and
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then decreased following infection. SOD and POD activities in resistant varieties increased rapidly and they were
higher than susceptible ones.In summary, through evaluation of resistance and measurement of various physio-
logical indicators and disease index after inoculation , the resistance of five Ground cover chrysanthemum varieties
to F. oxysporum from high to low was ‘ Qiaofenge’ > ‘Ruhe’ >‘ Huoyan ’ > ‘ Xianhong’ > ‘Lingnong’ , while
the disease resistance to F. solani from high to low was ‘Qiaofenge’ > ‘Ruhe’ > ‘Xianhong’> ¢ Huoyan’ >
‘Lingnong’ . This provides basis for deployment of chrysanthemum cultivars in production and molecular bree-
ding of disease resistant .
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Disease index of five Chrysanthemum morifolium varieties after

inoculated with Fusarium oxysporum

Disease index

Varieties

4d 8d 12.d 16 d 20 d
Ruhe 9.58+0.72 be 18.75+3.31 cd 31.67+£4.02 b 39.17+£3.15 ¢ 43.75%£3.31 ¢
Huoyan 12.92+3.15 ab 22.08+1.91 ab 33.75£2.50 b 45.42+3.15 b 55.42+2.60 b
Xianhong 14.58+1.44 a 25.42+3.15 ab 35.42+3.83 ab 45.00£1.25 b 54.17+£2.60 b
Qiaofenge 7.50+2.50 ¢ 15.42+2.60 a 21.25+2.50 ¢ 27.50+3.31 d 32.50+3.75 d
Linglong 16.67£1.91 a 20.17+3.82 a 40.42+1.91 a 51.67+x1.91 a 62.92+1.91 a

Note: Significant differences between varieties ( P<0.05).



62 T B2 4R 51 %

Table 2 Disease incidence index of five Chrysanthemum morifolium varieties after
inoculated with Fusarium solani
Disease index
Varieties
4d 8d 12d 16 d 20 d
Ruhe 7.50£1.25 ¢ 16.25+1.25 ¢ 24.17+1.44 b 33.33£1.91 ¢ 37.08x1.91 ¢
Huoyan 11.67+1.91 be 17.50+3.31 be 27.92+3.15 b 42.08+3.15 ab 53.75+3.31 a
Xianhong 12.92+4.39 ab 21.25+3.31 ab 30.00+2.17 ab 38.33£2.60 b 46.67+3.15 b
Qiaofenge 8.33+1.91 be 13.33+2.60 ¢ 20.42+1.91 ¢ 26.25+3.31 d 31.25%1.25 d
Linglong 13.33+1.44 a 24.17£1.91 a 36.25+2.50 a 46.67+1.44 a 57.50£1.25 a

Note: Significant differences between varieties ( P<0.05).
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Effect of Fusarium oxysporum(FO) and F. solani (FS) infection on

chlorophyll content of five Chrysanthemum morifolium varieties
From left to right, the data of the same group of days in the figure are ‘Ruhe’ , ‘Huoyan’ , ‘ Xianhong’ , ‘ Qiaofenge’ ,

‘Linglong’ . Small letters indicate significant differences among varieties( P<0.5).
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Fig. 2 Effect of Fusarium oxysporum(FO) and F. solani (FS) infection on
soluble protein content of five Chrysanthemum morifolium
From left to right, the data of the same group of days in the figure are ‘Ruhe’ , ‘ Huoyan’ , ¢ Xianhong’ ,
‘ Qiaofenge’ , ‘ Linglong’ . Small letters indicate significant differences among varieties( P<0.5).
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Fig. 3 Effect of Fusarium oxysporum(FO) and F. solani (FS) infection
on proline content of five Chrysanthemum morifolium

From left to right, the data of the same group of days in the figure are ‘Ruhe’ , ‘ Huoyan’ , ‘ Xianhong’ ,

‘ Qiaofenge’ , ‘ Linglong’ . Small letters indicate significant differences among varieties( P<0.5).
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Fig. 4 Effect of Fusarium oxysporum(FO) and F. solani( FS)infection
on superoxide gasifying enzyme activity of five Chrysanthemum morifolium varieties

From left to right, the data of the same group of days in the figure are ‘Ruhe’ , ‘Huoyan’ , ¢ Xianhong’ ,
‘ Qiaofenge’ , ‘ Linglong’ . Small letters indicate significant differences among varieties ( P<0.5).
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Fig. 5 Effect of Fusarium oxysporum(FO) and F. solani( FS) infection
on peroxidase activity of five Chrysanthemum morifolium varieties

From left to right,the data of the same group of days in the figure are‘ Ruhe’ , ‘ Huoyan’ , ‘ Xianhong’ ,

‘ Qiaofenge’ , ‘ Linglong’ . Small letters indicate significant differences among varieties ( P<0.5).
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Fig. 6 Effect of Fusarium oxysporum(FO) and F. solani(FS) infection
on malondialdehyde content of five Chrysanthemum morifolium varieties

From left to right,the data of the same group of days in the figure are‘ Ruhe’ , ‘ Huoyan’ , ‘ Xianhong’ ,

‘ Qiaofenge’ , ‘ Linglong’ . Small letters indicate significant differences among varieties( P<0.5).

TR (F. oxysporum) 129 ¢ KIg> | BE2r F < ¥
B 5520 d B TR RS R R E AT R
(P<0.05) , 735l L XT RE$E & T 36.04% ,46.65% Fl
76.27% ; RALH AL (F. oxysporum ) 12 G%  FL oy’
FTAG #5520 d B, 2051 U REBS & T 23.57%
M1 5.77% ; TSR (F. solani) 12Y%55 20 d Bif, ¢ &
S L ERHE 1) B i 43l EE X IR TR T 50.83% Al
80.65% , ‘T FLfar A AR R (P<0.05),
ST EELT R R R TN S AR, o
XS BRI TN T 17.65% 34.64% 1 22.86% , 2 Fil
PR YL 20 d 5 T RE A R R IR N
SRR S KM > BELL > FL > AE R

3 itig

2 R W, R R ML E (F. oxyspo-
rum) (RYL S L A ) B R AN, B RS S
RIS E I K, T AL R | e
fit; . PAL | £ 1 . DNAase | fifi 1ot il caspase-3 55 I
YA, SEANMIET T BGS BUR  E
A AEERA AR AR, BIF TR 20 % b bl 44 1 BO
Pk XS YU A R X,

3.1 RAEXMMHEFIA_BRIENTIN

T e T WO B 2R P IR e A S e A
F B0 N, L R e A S R TR

1 SE AR 2 405 AR ) Y 4 52 315 i
B AR e 15 P R & S OIS B K, 40 N
FEANG BRI, e A FEA Y IE T A
FEHV R DA A Y M B 45 55 20 d B, JB S D ¢ B2
Bk e TN SRR, B
B TN e, U A B R A PR A
LA MR TS A AR TR S A, R
P A A A R A R PR A, R
Z2p F R YA 2 R AR AR A
SN T T RS, K BRIRG h h TT TURE  A
i, S AR B L R G
3.2 SFEEHEEN SR SRR
Ui STER N i 7/ N I aala o i
(ROS) , 1fii ROS it Z ANRE KB 1E BR 2 5| i A P 5E
TP ARG R A S R R R
JOERIG JB% 45 b7 480 490 T, POD | PAL 45 J2 1% it ¢ 4
M HUEALRY (40 SOD . POD 45) 2 1 T /&
L —H) ROS W Bk R 48, MUK IR R G
B AL A L IR AR K TEAR Y R R
T P AL TR sh A A op R T ha A
PRI AR T S A A 1 ARG 36 5 3 A
ARERZ— ) R R Y B4 )5, AR
L AL (SOD) i3 ALY (POD ) T 1 fifi 5
R YeBF 1] (R 38 e TH 5 e, AR Ma %5 i st ) 22



66 T B2 4R 51 %

G FEYIATAE— AN 2 0 e R S £ 1 4= e
WA B 2 SOD \POD gy M T , (ELBif 2 9 175
FIRE T W a B E , BEE TETT LG TR R E A
5520 d B0 L RR < AR PR R LA T 1
e R RIS | RS0 A I I
BABA" 1 I i1 4 4 BDO-17 1 175 5 Rk 84 i
SOD ,POD 4 i 17 M , $1& 1= A7 40 %) Aili 25 5 () B
W PHE BRI, b 2 3 2o 334 06 il 16 4 ok 22 s
E WA B AR, S AR BT PEARSE . Duan %Y
Zhao %' Zhang %" Yang %2 DA kA W I
i Z W fa YA L (POD ,SOD ) i YRS i, 5 HAt
e IEAH G, AR 25 R — 2L,

ISR ( Pro) Je HE 0 78 13 355 oy 380 vh 48 15 1R DY
IKAT B (35 B T, 3 1 35 05 VR T % A AN i 2 Y
ZHE™ ) Liang 5" I ARG 2P0 10 B
U AN Pro &4 B, ASIRGE o T 1R e o 9t 44 )5
o AT BT A B A PR FLAT Pro 1% R B
R B AR < K e BE2T° Pro 2 m AR XA HL
T HCRTGE R AP R A DY 4 R A
P25 Pro B X 4B B AT IR Y, ASR = T
FHZEE P
33 FREXNMBEFMHEE. TAEESSEN

=]

PRI TR 1R S oW I, AR AR I A A B
ZH IR AR R i S AR ST RS R
X TR T R A M S AR, AR g 7K S A
YL R, TS 5 38 1 N B B ALY, 7 A=
R AR A B A ST LTS < A ] >
Fir it S 2 L TR A BBl EL R
o IR i T R B A XN, 1 Bao 451 F
FEPUTAGZE AR R M 20 K L R — B, A
W IR QeI L A I IR 3R 5 i T e AR PR
I 295 T b 3E e I 2 R S R AR
EAOIVRY SR EN i e R gt O | R A ki
B, aR 2 A sz B, S AR, RIS 20 d
I, HO Bl < AF R PR R I SR R R E T
JE R ¢ e 3 3R W] M Bl A B e AR R
ARG E 0, AT DA 3 AR 22 AP A
HEBIEIRZ —

AL YEER B BURARY) A o S I E Y, =
SRR N 2 il 9 AR5 Han ™ Liu™ A

AR R B3 0 AR 8 T 2R 1
S TIAF . ARDFE EF F4
AT PERR B A B R T IR I 0, R4 51
P L 24 G 45 8 11 7 RS 30 11 B0
B TUBLAR AR T8 52 5 B 2 ) 3
I M T B P A SR o T
F1 8 R TSP 28 11 TS 25 A T
B A% PRI 27 2 T 7 PR I A A
T 20 d J5 HO SR 0 < 83 1) e 2L
T AT LA 1 P ik TS T IR R S0
5 A T 2 i 5 L TEAR G,
3.4 W SMEAESEL T

ZE LR R R AR G 5 A AL R gt 2 )5
A AR A AR O AN [R] A SE 45 G SR R eR O
PR Y M 28 5 A [F) AR BEAR B EAT T 255 1F M, 5
o b 9l 25 X R BRI (F. oxysporum) FIHTE A
SREI G AE R IE > FLar > K0 >« el
> B KSR R (F. solani) WIPTHPE N 5R
BRI E R IR > FLAfr” > BELL > KHE T >
SRR PR, AER IR RN FL AT XA 2R 0 BO
PR, RIS B (F. oxysporum ) i H 16
W (F. solani) FBTTERBEE  ZP0 AP TR &
SRR Rl R TE A AR VR AR T i E Y AR
77 b P 2 100 77 32 R e i 1) 7 B e it , P
AR oAl 22 00 < (i is) e 2L A8k — 20
Rl 1 B W S YRl i 07 N 8 U = i I A I
f P A TR R Y H A A AT, T R U 2
B S rFFric, o] B A bt R Hiwk 2 .

BN SR R e B R R R 1 T
s B, 5% W PAL | 4R 14 i . DNAase | fif 5t i 3
(caspase-3) 25 M, SR AL T 0% L BFSEAEY)
HURPEDLEI R BT, AR (JA) I LI i AR 7E D ik
LA A8 A M T R BN EAE Y ARG
T I35 P A gt 7 W TR T R S A A SR A
AT PR A SR A A ek S AL i e 5 P PR
T 227 Hb B 44 PRI AEAE R R I 25 5, AT LA
AHRY 1 22 R e TR 7K A A A 301 ER B R A 2 |
ekt y A SFEOR KRGV R DAL 20N
M2 R AR PR R FL AT X SR AR L TR (F
oxysporum) FIFTHERLE , A F) TP | v 2O T
MR T HURS 2 A



1 T 1, A5 DY A DT SR A TR 1R G B T B 25 R R R SR B 1T 67
[10] Shi YR, Xu W H, Lu Z H, er al. Inhibiting effects of

Bigt

X R TR T (F. oxysporum ) Fe 56 J& kT8
A (F. solani) % d 7% Rk X 5 3 1A% 77k
KA IR T RZ T8 FURIRAE A5 LR,

(1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

Dugan F M , Hellier B C , Lupien S L. First report of
Fusarium proliferatum causing rot of garlic bulbs in North
America[ J]. Plant Pathology, 2003, 52(3) : 426-426.
Cao Y F, Shen Z Z, Liu S S, et al. Evaluation of
effect of Trichoderma controlling Fusarium wilt disease
and its influencing factors with meta-analysis in China
(in Chinese) [ J].Acta Pedologica Sinica( 8244 ,
2019, 56(3) :716-727.

Brian C K, Katrina D W, Nicholas V N, et al. Arsenal
of plant cell wall degrading enzymes reflects host pre-
ference among plant pathogenic fungi[ J]. Biotechnolo-
gy for Biofuels, 2011, 4(1) . 4-28.

Liu X Y, Li F, Chen H R, ef al. Advances in biocon-
trol of pathogenic Fusarium oxysporum ( in Chinese )
[J]. Journal of Yunnan University ( Natural Sciences
Edition) [z M K222 4l ( AR BL22 0 ], 2008,
(S1) .:89-93.

Ma L J, Geiser D M, Proctor R H, et al. Fusarium
pathogenomics [ J|. Annual Review of Microbiology,
2013, 67.399-416.

Hano C, Addi M, Fliniaux O, et al. Molecular charac-
terization of cell death induced by a compatible interac-
tion between Fusarium oxysporum f. sp. linii and flax
( Linum usitatissimum) cells[ J]. Plant Physiology and
Biochemistry, 2008, 46(5-6) :590-600.

Cox K L, Babilonia K, Wheeler T, et al. Return of
old foes-recurrence of bacterial blight and Fusarium
wilt of cotton[ J]. Current Opinion in Plant Biology,
2019, 50(1): 95-103.

Mohammed B L, Hussein R A, Toama F N. Biologi-
cal control of Fusarium wilt in tomato by endophytic
rhizobactria[ J]. Energy Procedia,2019,157.:171-179.
Yan W X, Shi Y X, Li P L, et al. Preliminary study
on Fusarium species causing Chinese cabbage wilt (in
Chinese) [J]. Acta Phytopathologica Sinica (44 #JJ%
2R ), 2018, 48(5) :587-593.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Bacillus amyloliquefaciens LZNO1 on Fusarium oxys-
porum f. sp. Niveum (in Chinese) [ J].Jiangsu Agri-
cultural Sciences (VI.75 &L FL2%),2019,47 (12) .
141-145.

XuY G, He Z, Li R, et al. Research progress of cu-
cumber Fusarium wilt (in Chinese) [J]. China Cucur-
bits and Vegetables ( 1 [EJ3Z) ,2018,31(6) :1-6.
Zvirin T, Herman R, Brotman Y, et al. Differential
colonization and defence responses of resistant and sus-
ceptible melon lines infected by Fusarium oxysporum
race 1-2 [J]. Plant Pathology, 2010,59(3) :576-585.
Sun J, Zeng J, Wang Y J, et al. Evaluation and
screening of drought stress tolerance in 20 cut Chrysan-
themum varieties (in Chinese) [J].Journal of Nanjing
Agricultural University (5 A&\ KZFEZFH) , 2013,
36(1) :24-28.

Zhang Z M, Wan S B, Dai L X, et al. Estimating and
screening of drought resistance indexes of peanut (in
Chinese) [J].Chinese Journal of Plant Ecology (fH4/
AR, 2011,35(1) :100-109.

Zhang L, Zhang Q X, Gao Y K, et al. Study on phy-
siological traits of drought resistance for transgenic
Chrysanthemum varieties Wanfen (in Chinese) [J].
Acta Agriculturae Boreali-Sinica ( ¢ dt & 2% # ) ,
2011,26(5) :181-185.

Chen Y L. Economic value of Chrysanthemum. Border-
land economy and culture (in Chinese) [J]. The Bor-
der Economy and Culture (i1 & & ¥ 5 Cfk),
2007(7) :32-33.

Lei Y. Study on shade tolerance of ground-cover
Chrysanthemum (in Chinese) [ D ]. Beijing: Beijing
Forestry University (A& Jb 5 MOl K2) ,2015.
XuZ R, MaJ, Hou J, et al . Comparison on the re-
generation system and genetic transformation condition
in 4 ground -cover Chrysanthemum cultivars (in Chi-
nese) [J].Chinese Agricultural Science Bulletin ( H[#
Ae2EIR) ,2014,30(7) :130-137.

Minuto A, Gullino LM, Garibaldi A. Susceptibility of
Gerbera and Chrysanthemum varieties ( Gerbera jame-
soni and Chrysanthemum morifolium) to Fusarium

oxysporum f.sp. chrysanthemi[ J]. Communications in



68

L PHLF 4

51 4

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Agricultural and Applied Biological Sciences, 2007,72
(4).715-721.

Chen H J, Zhao S, Zhang K K, et al. Isolation and
identification of Fusarium oxysporum from Chrysanthe-
mum and the effects of crude toxin on growth of cut
Chrysanthemum ‘ Jimba“ seedlings (in Chinese) [J].
Journal of Nanjing Agricultural University ( B 5 4%l
K22 ) |, 2018,41(4) :662-669.

Aiping S , Shuang Z , Sisi C , et al. The abundance
and diversity of Soil fungi in continuously mono-
cropped Chrysanthemum[J]. Scientific World Journal
2013.1-8.

Cao J Y, Shen Tu X P, et al. Identification of the
pathogens causing Fusarium wilt disease in Chrysanthe-
mum morifolium ramat and control effect of Streptomy-
ces diastatochramogenes (in Chinese) [ J]. Chinese
Journal of Biological Control ( i E AE W) IR AR
2019, 35(2) :265-271.

Johnson A W, Littrell R H. Effect of Meloidogyne in-
cognita, M. hapla, and M. javanica on the Severity of
Fusarium wilt of Chrysanthemum/[ J]. Journal of nema-
tology, 1969, 1(2) :122.

LU HH, Fang Z Y, Yang L M, et al. Research on
screening of resistant resources to Fusarium Wilt and
inheritance of the resistant gene in cabbage ( in Chi-
nese) [J]. Acta Horticulturae Sinica ( il Z; %44k ),
2011, 38(5) :875-885.

Sarijeva G, Knapp M, Lichtenthaler H K. Differences
in photosynthetic activity, chlorophyll and carotenoid
levels and in chlorophyll fluorescence parameters in
green sun and shade leaves of Ginkgo and Fagus[J].
Journal of Plant Physiology,2007,164(7) :950-955.

Li H S. Principle and technology of plant physiological
and biochemical experiments (in Chinese). [ M ].Bei-
jing: Higher Education Press (JbL&l: & # & H R
1), 2000.

Lu W J. Plant physiology experiment course (in Chi-
nese) [ M ]. Beijing ; China Forestry Press ( 4t 5 #1[E
Molk i prt) | 2012.

Singh V K, Singh H B, Upadhyay R S. Role of fusaric
acid in the development of ‘ Fusarium Wilt’ symptoms

in tomato: Physiological, biochemical and proteomic

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[38]

perspectives [ J |. Plant Physiology and Biochemistry,
2017,118:320-332.

Ren L, Zhao X L, Xu J L, et al. Varied morphologi-
cal and physiological responses to drought stress among
four tea Chrysanthemum cultivars (in Chinese) [J].
Acta Ecologica Sinica (A& 2%4), 2015,35(15):
5131-5139.

Trunova T I, Zvereva G H. Effect of protein synthesis
inhibitors of winter wheat[ J]. Plant Physiology, 1997,
4.39-40.

Guan X C. Changes of MDA content with Fusarium
Wilt infection in seedling stage of different cucumber
varieties (in Chinese) [J]. Horticulture & Seed( [&7Z;
S5FH), 2017(5) :8-9.

Song F M, Ge X C, Zheng Z. The roles of active oxy-
gen species and lipid peroxidation in the resistance of
cotton seedlings to Fusarium Wilt (in Chinese) [J].
Acta Phytopathologica Sinica (1 45% BE2£4 ) , 2001,
31(2) :110-116.

Duan Y J, Zhang X Y, Huang M J. The effect of bean
Pulp fermentation broth on control banana Wilt patho-
genicity (in Chinese) [J].Chinese Agricultural Science
Bulletin ( F1EIRA=5#E ) , 2011,27(25) :215-218.
Lang H Y. Study on the response of chl APX-overex-
pressed populus tomenentosa to stress (in Chinese )
[D]. Jinan;Shandong Normal University (%5 : L4
I RA) | 2014

Zhao J. Study on the physiolgial response mechanism
of pear callus to pathogenic fungi infection (in Chi-
nese) [ D].Yangling:Northwest University of Agricul-
ture and Forestry Science and Technology (%% : P4t
RMBHLR) , 2012

Wen X. Study on resistance of vegetation on municipal
solid (in Chinese) [ D].
University (J65T: JEITM0EKA%) , 2011.

Ma Z R, Liu R T. Basic principles of drought resis-

Beijing; Beijing Forestry

tance physiology of herbage (in Chinese) [ M ].
Lanzhou: Lanzhou University Press ( =% JH . 2 M K 2%
HiRAL) | 1993.

Xu Q,Li H X, Xian X L, et al. Effects of BABA on
photosynthetic characteristics and antioxidative system

in rhododendron under NaHCO, stress (in Chinese )



5K LT, 26 M A o OO SR AR TR (52 e B I O 22 5 BT PR ZR A 69

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[J] .Forest Research (MulkFl2=AF57) ,2018,31(2) .
133-140.

Shi Y X, Zhang X H, Xu Y F, ef al. A pyrimidine
derivative confers cucumber induced resistance to Fu-
sarium Wilt(in Chinese) [ J].Acta Horticulturae Sinica
( FEZAR) ,2019,46(5) :877-890.

Zhao X J, Tang X, Cheng Ji W, er al. The relation-
ship between malonaldehyde content, enzymatic chan-
ges and the resistance of bitter gourd to Fusarium Wilt
(in Chinese) [J]. Journal of South China Agricultural
University (25 4Rl K224 4 ), 2013,4(3) : 372-
377.

Zhang Y N, Wang X X, Li X G, et al. Effects of con-
tinuous cropping on physiological and biochemical re-
sistance of cotton to Fusarium wilt (in Chinese) [ J].
Acta Ecologica Sinica (ZE#&2%2), 2016,36 (14) .
4456-4464.

Yang Z A, Zhou L Y, Fu Z, et al. Response of three
cultivated varieties of Cucurbita ficifotia to Fusarium
Wilt(in Chinese) [ J]. Chinese Journal of Tropical
Crops ( BVIF/EMIZEIR) |, 2017,38(1) :144-149.

Zhu H,Zu Y G, Wang W ], et al. Effect of proline on
plant growth under different stress conditions (in Chi-
nese) [ J].Journal of Northeast Forestry University ( <
JEMAlr K752 417) ,2009,37(4) :86-89.

Liang J G, Wang J M. Studies on the pathogen causing
Capsicum Wilt in Shanxi (in Chinese) [ J]. Journal of
Shanxi Agricultural University ( Natural Science Edi-
tion) [ PG R A4 ( ASRFHERR) 1, 2002, 22
(1) .:29-31,45.

Chen C Q, Bélanger R R, Benhamou N, et al. De-
fense enzymes induced in cucumber roots by treatment
with plant growth-promoting rhizobacteria ( PGPR)

and Pythium aphanidermatum [ J]. Physiological and

[46]

[47]

[49]

[51]

[53]

Molecular Plant Pathology, 2000,56(1) ; 13-23.

Bao W X, Zhong C, Zhao W Z, et al. Comprehensive
resistance evaluation of grafting watermelon seedlings
on different bottle gourd stocks to watermel on Fusari-
um wilt (in Chinese) [ J]. Journal of Southern Agricul-
ture (FE AV EAIR) |, 2017,48(3) :441-447.

Ding D, Lu C P, Liu F, er al. Research progress on
Lily Fusarium Wilt (in Chinese) [ J].Jiangsu Agricul-
tural Sciences (VLI EL) | 2009, (3) :128-130.
LvJH, Li YF, Wang X, ef al. Impact of shading on
growth, development and physiological characteristics
of Trollius chinensis Bunge (in Chinese) [ J]. Scientia
Agricultura Sinica ( 77 B A\ BF2), 2013,46(9)
1772-1780.

Han S Q. Mechanism of phenolics on resisting Fusari-
um Wilt of banana (in Chinese ) [ D ]. Wuhan:
Huazhong Agricultural University (27 4 H &k K
%) 2014.

Liu F M. analysis of protein and amino acid contents in
the seedlings of cotton varieties as related to their
resistance to Fusarium wilt (in Chinese) [ J].Journal
of Southwest Agricultural ( P§ 7 4% Mk K222 4)
1997(2) :161-164.

Xu Z G. General plant pathology (in Chinese) [ M].
Beijing : China Agricultural Press (dtET: H [E 4l
fAt) | 1997.

Zhang Y S. Pathological physiology of plant diseases
(in Chinese) [ M]. Nanjing; Jiangsu Science and Tech-
nology Publishing House (B &t YL73Bk2# 4 A AR
#1), 1995.

Zhang C L, Xu D C, Jiang X L, et al. Molecular
breeding to enhance disease resistance in sugarbeet (in
Chinese) [ J].China Beet & Sugar ( 17 [E & 324l ) ,
2008(2) :23-26.

TG B RR



