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Abstract; In this study, to provide a basis for the controlling of citrus canker disease, endophytic fungi from different
citrus disease-resistant cultivars were isolated and identified by using a tissue culture method, and the method based on
morphology combined with molecular biology, respectively. Representative endophytic fungi were selected based on the
antagonism results in pre-experimental, to determine the antibacterial activity with their ethyl acetate extracts from the
fermented culture against pathogen Xanthomonas citri subsp. citri, using a toxic medium coating method. The results were
as follows: (1) A total of 72 endophytic fungi were obtained from different citrus cultivars and classified into 14
genera. Fungal isolates belong to phylum Ascomycota and Basidiomycota. The frequent genera were Colletotrichum,
Guignardia, Alternaria and Fusarium. (2) The diversity indices of endophytic fungi from different citrus as follow:
Citrus unshiu Marc. (Guilin) > C. reticulata Blanco cv. Shatangju ( Guilin) > C. reticulata Blanco cv. Shatangju
(Wuzhou). (3) The diversities indices of endophytic fungi were different, which were isolated from different tissues of
citrus associated with different geographical location. The similarity of endophytic fungi in the citrus samples collected
from Wuzhou and those from Guilin was low. (4) The antibacterial activity of ethyl acetate extracts from the fermented
culture of 30 endophytic fungi were determined against pathogen Xanthomonas citri subsp. citri in vitro assay. Most of
their extracts exhibited significant inhibition. Among them, the MIC values of dominant genera, specific genera and
shared genus were 0.312 5-10 mg - mL", 0.156—5 mg - mL" and 0.312 5-2.5 mg - mL", respectively. The results
indicate that the endophytic fungi in citrus disease-resistant cultivars are rich in diversity, and most of their extracts
exhibit inhibition against X. citri subsp. citri. The antibacterial activity of specific genera is generally better than the
dominant genera, and all of the strains in the shared genus Fusarium displayed significant inhibition against X. citri
subsp. ciiri.
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Table 1  Number of the endophytic fungi isolated from the leaves and twigs of different citrus cultivars
[R3 6

wE FAEH gé 25y Number of the isolates B
Host Collection place Longitude and Total

s ¢ © latitude Ly &S

Leaf Twig

i A PR L 2K 110°19'44" E 40 10 72
Citrus unshiu Marc. Qixing District, Guilin, Guangxi 25°16'13" N
U B PR AR L X 110°16'36" E 4 3
C. reticulata Blanco cv. Shatangju Xiangshan District, Guilin, Guangxi 25°11'5" N
TR PR AR R 111°1'18" E 2 13
C. reticulata Blanco cv. Shatangju Cangwu County, Wuzhou, Guangxi 23°29'46" N

22 HBNEEFENETE

G R E LA B K g
AR LT A K S A B BRI Sk 2 T (4
BHH TR (14 J8 (K 2) . HhHE 7w 1Y
TR R AR TR T, S 30 BRARER
FRRIEAT 2> T %52 B H: 1TS ¥4 4E GenBank Hpifk
T BLAST F X, 326 BURF AL e e 9 © 60 J b 119 )7
F1, R H MEGA X 3R A4:LA NJ 1A 2 R etk e it ([
1), Hr L EEE . K2 T ITS FE 4 A BLAST H X 45
5 RGN T, 45 68 A2 FRE, 30t
AR S TE 45 R K GenBank J¥51) 5 156 3 s, £
14 4 J&. 5 & # JR (Alternaria ) | %5 1 % )&

(Aureobasidium ) ¥ 1 J& ( Cladosporium ) . $| £ 1 J&
( Colletotrichum ) 1% ff J& ( Corynespora ) . 5 71 % J&
( Curvularia ) , [8] & 5¢ J& ( Diaporthe ) . fff BR 1 J&
( Epicoccum) . 9 7] W& J& ( Fusarium) | /) BR | T J&
( Leptosphaeria ) . 7% *# W J& ( Nemania ) . & 7 J&
( Nigrospora) FBRPEEW & [ Guignardia ( Phyllosticta) | |
UK T B ( Schizophyllum) .
FEEERGIEEEE A T, Hrp,
TEZR G BEAC W o, 2R KR LIZ-J-4 . WZMG-Y -24
il WZMG-Y-4 i R E B 45 X 1 & Guignardia
mangiferae (A YERY) B Phyllosticta capitalensis ( To ik
i) o X F KR LIZ-J-4 F1 WZMG-Y-24, ‘BI04



1200 P Y
£ 2 MM B AR AR

Table 2 Endophytic fungi isolated from different citrus cultivars and their relative frequency

41 %

b1 GBS TR RREH /R R (%)
Classificatory station Number of the isolates / Relative frequency (RF, %)
TR B CRERK) VRIS (R ) THHERE () Bt
7] | B & Citrus unshiu Citrus reticulata Blanco Citrus reticulata Blanco ‘”F‘)lal
Phylum Class Family Genus Marc. ( Guilin) cv. Shatangju ( Guilin) cv. Shatangju ( Wuzhou) ‘
R K Mt R K AT R ¥ S N
Leaf Twig  Subtotal Leaf Twig  Subtotal Leaf Twig Subtotal
THFE  EEEN  AEEE KRR 11/ 0 11/ 0 0 0 0 0 0 11/
Ascomycota Dothideo- Pleospo- Alternaria 15.28 15.28 15.28
mycetes raceae
R 0 0 0 0 0 0 0 1/ 1/ 1/
Curvularia 1.39 1.39 1.39
TR ek 0 0 0 0 0 0 0 3/ 3/ 3/
Didymellaceae  Epicoccum 4.17 4.17 4.17
INERIESRE /BRI AR 0 0 0 0 2/ 2/ 0 0 0 2/
Leptosphae-  Leptosphaeria 2.78 2.78 2.78
riaceae
Saccothe-  RIMHEJR 0 1/ 1/ 0 0 0 0 0 0 1/
claceae Aureobasidium 1.39 1.39 1.39
Hef Rt L E[ 0 1/ 1/ 0 0 0 0 0 0 1/
Cladosporiaceae Cladosporium 1.39 1.39 1.39
R e )m 0 0 0 0 0 0 0 1/ 1/ 1/
Corynespora-  Corynespora 1.39 1.39 1.39
scaceae
MoER B 8/ 2/ 10/ 1/ 1/ 2/ 0 0 0 12/
Phyllostic- Guignardia 11.11 2.78 13.89 1.39 1.39 2.78 16.67
taceae ( Phyllosticta )
THFEA  WEER SR 2/ 0 2/ 0 0 0 0 0 0 2/
Sordario-  Diaporthaceae  Diaporthe 2.78 2.78 2.78
mycetes
ANAZERE AR 18/ 2/ 20/ 0 0 0 2/ 0 2/ 22/
Glomere-  Colletotrichum ~ 25.00 2.78 27.78 2.78 2.78 30.56
ll‘d(',l‘!aﬁ
MofRzERt  HRTIEE 1/ 0 1/ 1/ 0 1/ 0 8/ 8/ 10/
Nectriaceae Fusarium 1.39 1.39 1.39 1.39 11.11 11.11 13.89
BB R 0 0 0 1/ 0 1/ 0 0 0 1/
Xylariaceae Nemania 1.39 1.39 1.39
BEreER B 0 0 0 1/ 0 1/ 0 0 0 1/
Trichosphae-  Nigrospora 1.39 1.39 1.39
riaceae
T G ARER SRR 0 4/ 4/ 0 0 0 0 0 0 4/
Basidiomycota ~ Agarico- Schizophy-  Schizophyllum 5.56 5.56 5.56
mycetes llaceae

HE: 11/15.28 FRiZ @ B bR S ECE D 11,1208 W AR ECRARXIR R 15.28% , HAb B AR TR 2878 T vk 7 305 e D

Note: 11/15.28 means the number of the isolates was 11 and relative frequency was 15.28% , the others are the same.
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Table 3 Molecular identification of endophytic fungi isolated from different tissues
of citrus cultivars based on ITS rDNA analysis
I o ARABL R b ( FEPR 51 ) B MR HEFR R AR (BRI RS
I3 7 T B HN X : K
Funeal isolate Tissue Closest species Query coverage Identity Proposed species
& ’ ( GenBank accession No.) (%) (%) ( GenBank accession No.)
WZMG-Y-1-1 I Leaf Alternaria alternata ( MH567106) 100 100 Alternaria sp. (MK351430)
Alternaria sp. (MH669498)
WZMG-Y-16-1 - Leaf Alternaria sp. (KJ935028) 100 100 Alternaria sp. (MK351432)
WZMG-YB-1-C I} Leaf Alternaria pharbitidis (JX418344) 99 99 Alternaria sp. (MK351434)
Alternaria sp. (KC147565)
WZMG-J-8-2 ¥ Twig Aureobasidium pullulans (JQ235065) 100 99 Aureobasidium pullulans (MK351435)
WZMG-J-1 i Twig Cladosporium tenuissimum (MK311278) 100 100 Cladosporium sp. (MK351436)
Cladosporium sp. (MK120861)
WZMG-Y-6 - Leaf Colletotrichum boninense ( KX343044) 99 100 Colletotrichum boninense ( MK351438)
STJ-Y-1-B M- Leaf Colletotrichum gloeosporioides ( MK311220) 100 100 Colletotrichum sp. (MK351439)
Colletotrichum sp. (MG800852)
Colletotrichum fructicola ( MK208463)
WZMG-Y-21 i Leaf Colletotrichum gloeosporioides (MK311220) 100 100 Colletotrichum sp. (MK351440)
Colletotrichum sp. (MG800852)
Colletotrichum fructicola ( MK208463)
WZMG-J-6 i Twig Colletotrichum gloeosporioides ( KM463758) 97 99 Colletotrichum sp. (MK351441)
WZMG-Y-35 it Leaf Colletotrichum gloeosporioides (KC172072) 99 99 Colletotrichum sp. (MK351442)
Colletotrichum sp. (KR822137)
WZMG-Y-2 I Leaf Colletotrichum plurivorum (MG748076) 100 100 Colletotrichum plurivorum (MK351443)
WZMG-J-5 /53 Twig Colletotrichum sp. (JX624305) 96 99 Colletotrichum sp. (MK351444)
STJ-J-1 i Twig Corynespora cassiicola ( MK139711) 100 100 Corynespora cassticola ( MK351445)
STJ-J-5 A Twig Curvularia eragrostidis ( KP698723) 99 100 Curvularia sp. (MK351446)
Curvularia sp. (KC113296)
WZMG-Y-12 M Leaf Diaporthe sp. (KX065032) 97 98 Diaporthe sp. (MK351437)
STJ-J-6-1 A Twig Epicoccum nigrum (HQ728258) 100 100 Epicoccum sp. (MK351447)
Epicoccum sp. (JQ388284) 100 99.62
STJ-J-6-2 A Twig Epicoccum nigrum (HQ728258) 99 99 Epicoccum sp. (MK351448)
Epicoccum sp. ( MK100174)
STJ-J-3-1 ¥ Twig Fusarium sp. (MH884137.1) 100 100 Fusarium sp. (MK351449)
Fusarium concentricum ( MH613764)
Fusarium proliferatum ( Gibberella
intermedia) ( MK007292)
STJ-J-3-6 53 Twig Fusarium concentricum ( MH613764) 99 100 Fusarium sp. (MK351450)
Fusarium proliferatum ( Gibberella
intermedia) (MH712163)
LJZ-Y-20 M- Leaf Fusarium sp. (KU377521) 99 100 Fusarium sp. (MK351451)
WZMG-Y-1-2 I Leaf Fusarium concentricum ( MH613762) 100 99 Fusarium sp. (MK351452)
Fusarium proliferatum ( Gibberella
intermedia) ( MH712162)
LJZ-)-2 i Twig Leptosphaeria sp. (MG732994) 97 99 Leptosphaeria sp. (MK351453)
LJZ-)-2-3 i Twig Leptosphaeria sp. (KX611651) 98 99 Leptosphaeria sp. (MK351454)
LJZ-Y-11 I Leaf Nemania diffusa (GU292817) 99 99 Nemania sp. ( MK351455)
Nemania sp. (KX611644)
LJZ-Y-7 M Leaf Nigrospora sp. (KF558877) 100 100 Nigrospora sp. ( MK351456)
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Funeal isolate Tissue Closest species Query coverage Identity Proposed species

& ( GenBank accession No.) (%) (%) ( GenBank accession No.)

LJZ-J-4 A Twig Phyllosticta  capitalensis ( Guignardia 99 100 Guignardia mangiferae (MK351457)
mangiferae) (KP998485)
Guignardia camelliae (FJ462743)
Guignardia sp. (GU066700)

WZMG-Y-24 I Leaf Phyllosticta capitalensis ( Guignardia 100 100 Guignardia mangiferae (MK351458)
mangiferae) (1LN828209)
Guignardia camelliae (FJ462743)
Guignardia sp. (GU066700)

WZMG-Y-4 M Leaf Phyllosticta capitalensis (EU677815) 99 99 Phyllosticta sp. ( MK351459)

WZMG-J]-8-1 A Twig Schizophyllum commune (FJ426395) 98 99 Schizophyllum commune (MK351460)

WZMG-J-9 ¥ Twig Schizophyllum commune (MG231814) 99 99 Schizophyllum commune (MK351461)

. LA WZMG \LJZ Rl STJ B 2% 2 5 09 B8 AR 0 3l 22 /s 40 88 B IR N B M (€. unshiu Mare. , BEAR) (VD BEAS (C. reticulata Blanco cv.
Shatangju , BEAK) FIVEHEAS ( C. reticulata Blanco cv. Shatangju , #5HM) . T,
Note ; Isolates with prefix WZMG, LJZ and STJ were isolated from C. unshiu Marc. (Guilin) , C. reticulata Blanco cv. Shatangju ( Guilin)

and C. reticulata Blanco cv. Shatangju ( Wuzhou) , respectively. The same below.

WS R RAEJE B TNk I B R Bk
J& BIFAXT A5 A 2.78% A, Ho Al 4% & B4 AR X 4 %
BIH1.39% , HEINREM VRS Pt 5 ANE,
PR A e T H R (11.11% ) MR (4.17%) |
I F AR (2.78%) ., #E A% f6L)E | [0) )32 7 @ | J A
J& KCALE | SR TR JE (53 AT AR R N N R AR
W RAL)E NERE R A5 A FEFEMOCR AR B 1D
WEAS ;S R N ER R R LR 5 A 7R R
MR AE A VDB

ANTRIAL SR A i A LR R R 25 SRR
AR S6LJE | TR | e H T T 56 )R AN A3 A A
M R A R R LR N ER I TR A
J& Bk pEm R AR R AU R T
23 REALFHNEEFN SHEESHEME

FETEECA A A b A b A LA 2 HEE R
TN > VO RERS (AR ST RS (BB . ATF]
HAUP N AE B Z RSB (H ) KN T,
TEIRNEE M 0 (1.20) >4%(0.62) ; 7E bRk R 4
PITPRERS o i (1.11) > (0.64) 5 ZEFE N R AE Y
YRR I (0.27) <k (1.02)

T BB A R A 5 o 4% L 40 0 B A N A T
A EFEECTE By 0~0.22(F 4), Hrp fERH
FE PR ) T M 45 A R VD AR AR b, 3 R b i AR A
PRI, FLUR R I N A R I SR T AR MR
AR VPRS0 it 5 R b P A T A AR AL R K
0, I HH 0 5EEMCR B WV BEAS 1 ik A, DL
A S MRV E A (0 A TN A R AR

PR AR R FE K02 0, W WA MR AE NG ST
fitn of 08 P A S R BROR B B A A B i Bl e

F8 PN A LR 2 R 22 S R
2.4 THAE R & B E A& B0 X A 4 5t 0 0 = 40
it

ST PO 25 5 M T 30 MR AR S
TR T 7 ) REL A 00 %o A A 15 92 9 AT 1) 410 1 1 4
AR 6 Fin . YN Az LA Kk TR B g Ak BV
10 mg « mL' B, BR N AE BB WZMG-Y-27 &b, H
AR 29 BRTA R H A7 15t 97 0 T X A AR .
— M E 29 PR A BB A AR 9 9 T R AR
MR (2 5), K 29 ¥R A ELTR 2 R Z TR AL
PE X HE A 15T 92 9 DA B0 A R R I AE D B
AN B (MIC) 4+ F 0.156~ 10 mg + mL™ Z Ja]
ARWHEICH 16 BRIR M M N AT E S, H 9tk
(56.25% ) B Bk X5 Hi 47 it 97 0 T B9 MIC /D T 1
mg - mL™ FEREIAY 7 AREERVDBEAS 9 A B
A5 PR (71.43% ) TR A AR 15t 02 00 TR 1Y MIC /)N
T 1 mg - le,Tj—:JiHXEI/‘J 7 1‘*@%*?5(%'}‘]‘[) N A
FUIE T, A 2 Bk (28.57% ) T Rk X R AR 15 92 95 11 B9
MIC /NF 1 mg - mL', S5 52 B R B AP AT
WEBTIG b B i 8 05 M TR AR 22 TR N 4 M A B
TR S

AN R R A B s o B b ) L A R SRR A T A
R X A A7 15t 92 9 TR X A AS [R) R BE Y 0 L
FE N M A8 R A R A 15 7 0 T
) MIC 43514 F 0.312 5~10 mg + mL"F10.156 ~
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te P4 BB 4R LM S 5
:I—Lf:’;jj;jwWmmwmm Table 4  Similarity indices (CS) of endophytic fungi isolated
: from the leaves and twigs of different citrus cultivars
HHRRE s WZMG LJZ STJ
Citrus 'l:i%;;\e
] sample I - 53 - 137
] Leaf Leaf Twig Leaf Twig
e emm—— wnx WZMG Tfﬁg 02 011 014 017 0
m:
] Leaf 0.22 0.14 0.17 0.11
};WM I
L)z 0.17 0 0.13
:]Mmm Lea
. L5
%MW Twig 0 0
Diaporthe . LI‘l_
Jammnen ST Leaf 0
1 kmmwmw N WZMG-J-9 (4R8I @ ) %o A AR 15t 92 9 T B A o
10 L Guignardia mangiterae (EV677815) i [ V5 1> . -1 = ==
o T T A, MIC i’{lj:l‘O.15r6% mg mL%, ﬁaﬁg J%;;
B i ] He B A2 AL A3 A TR N AN 8 | %8 R
- Bk WZMG-J-8-2 \ WZMG-J-1 *J 45 15t 47 s B 2 34
] ARG I S, MIC 43 5108 0.312 5,0.625
: mg - mL"; M E M A R OL R R A AR

} (27.78% ) k&R (15.28% ) Xt M7 5070 1 1Y

MIC 43314F 0.312 5~ 10 mg + mL™ 1 0.625 ~ 10
- mg + mL 2] 0T ORRR (R B ) R T
Bl AR HL— B (WZMG-Y-24) HEATIIE . R
FUREAR A VOIS A0 DL 35 S HC A A i e A7 151

: P95 TR UL AT AN [) 2 32 19 400 4, MIC 3 0 A T
LI WZMG | LJZ I STJ i 88 2 % B &K 20301 378 20 85 A i . -1 _ ] o
A (C. unshiu Marc. , B AR) Y BEHS (C. reticulata Blanco 0.3125~5 mg mL"H10.312 5~2.5 mg mL= 2
cv. Shatan%u},”ﬁé ) RV BE RS (C. re;iﬂczula;i;glanco cv. [&] s Hy /R EE B 2 Hi#E s WEHEE
Shatangju, #& M ) ., Bootstrap=1 000, 15 [A] £ 7 1C 2 Bootstra N e
e e e | R BN g g gl A R 1 A T 9 ) I

Isolates with prefix WZMG, LJZ and STJ were isolated from E/‘J%H% LIZ-Y-20 mxﬁ;ﬂ;ﬁ:% ﬁ_}%ﬁ%%@}ﬂ H ﬁ% i}

C. unshiu Marc. (Guilin), C. reticulata Blanco cv. Shatangju

(Guilin) and C. reticulata Blanco cv. Shatangju ( Wuzhou ), 45 0 , MIC ~0.3125 mg - mL™ o K H 8N
respectively. The numbers at the branches indicate the " e s s
S oot o VDRSPS R AT T AR 1505

percentages of trees from 1 000 bootstrap replication in which the

branch occurs. Scale bar represents genetic distance. 95 B 1Y MIC 394 TF0.312 5~5 mg - mlL™* > i ’ ,E;FP
1 6T 30 BRAHE N AEECA TS rDNA BRPER R B R LA I, o S LA T
FP NPT ARG R LA P A P A BT AR R TR LR 3 S

Fig. 1f Plrl}fltogentetict ltllreefof t-hf;‘ 30 eGndol[g)hylt(ic (fiuzgi izolated fi K o B TR RS £ T R fEA
rom citrus to other fungi from GenBank, deduce NN .
; “ONA s YRS 1Y 30 BRI A LB T, 16 BRAT B FIIE I 3
rom the ITS rDNA sequences
8 Bk (50% ) XA 5t 7 T 1 MIC<1 mg - mL™;
0.625 mg » mL' 2 [al, Foob, FAS AR b gk 14 PROTIE AUBOR, 8 R (57.14%) SRR 55 0 AT 1)
WZMG-Y-12( [ 5528 ) \WZMG-J-8-1( ZkE)E)  MIC<I mg - mL",
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Table 5 Inhibitory activities of the extracts of 30 endophytic

fungi isolated from citrus against Xanthomonas citri subsp. ciiri

il i T
itk & Inhibitory e
Fungal isolate Genus activity MIC
(10 mg - mL") (mg - mL")

WZMG-Y-12 i) JEE e - 0.156
Diaporthe

WZMG-J-8-1 ELT ) -— 0.156
Schizophyllum

WZMG-J-9 )R - 0.156
Schizophyllum

WZMG-Y-6 BN - 03125
Colletotrichum

WZMG-J-8-2 MR - 03125
Aureobasidium

STJ-J-5 HiER - 03125
Curvularia

STJ-J-3-6 R TI R - 03125
Fusarium

LJZ-J-4 BRI R - 03125
[ Guignardia ( Phyllosticta) ]

LIZ-Y-7 R - 03125
Nigrospora

LJZ-Y-11 HARJR - 03125
Nemania

LIZ-Y-20 B R -—= 0.3125
Fusarium

LIZ-J-2 INERIES ) - 0.625
Leptosphaeria

WZMG-Y-1-2 ] R - 0.625
Fusarium

WZMG-Y-16-1 SRR - 0.625
Alternaria

WZMG-Y-24 TR R - 0.625
[ Guignardia ( Phyllosticta) ]

WZMG-J-1 g - 0.625
Cladosporium

WZMG-Y-35 A - 1.25
Colletotrichum

STJ-Y-1-B LR - 1.25
Colletotrichum

WZMG-YB-1 HEAR T Im - 2.5
Alternaria

WZMG-Y-2 Tl %R S 25
Colletotrichum

WZMG-Y-21 PR - 25
Colletotrichum

LJZ-]-2-3 INER I T - 2.5
Leptosphaeria

STJ-J-1 =00 - 2.5
Corynespora

STJ-J-3-1 BRI -—- 2.5
Fusarium

STJ-J-6-1 WK 4 - 5
Epicoccum

STJ-J-6-2 BBk B - 5
Epicoccum

LJZ-Y-12 BRI R - 5
[ Guignardia ( Phyllosticta) ]

WZMG-J-5 PR OV - 10
Colletotrichum

WZMG-Y-1-1-2  Hiks1s - 10
Alternaria

WZMG-Y-27 PUESR0N ] et /
Colletotrichum

T —FRARKE; +FRR KB /SRR T,
Note: — indicates no bacteria; + indicates bacteria growing; /

indicates no antibacterial activities.

G 1 R R 1B AR 0 8B S o 0 7
B 2 T 0 AR LS o 4 2 06 o £
R4 471 o 0053 R0 A 8
B I 10 B BUAT I 9 14 2 20
AV A A A, EL R o A 0 7
ETI K

3 W54 #

AR YR A BT A e R 2 B S 3 72 RN
ARE,HRN 1448, FENREkEE R EDST
F AR (4 DA AR 40 88 100 P9 A L Bl (% Ok
224§ 2005a, b; Juybari et al., 2019; Nicoletti,
2019; Sadeghi et al., 2019) , 1] i 5 R4 (MG
it CRAEIT ] SR AR M i AEAS i Mo Bk FRE iy
HEEIEEZ MR R AL (P IK 24, 2005b;
FIIBFAIBH A, 2006 Juybari et al., 2019 ; Sadeghi
et al., 2019) . Petrini & Fisher(1986) B 32 H 1% I
T sl A A o ) A L ARE 3 5 R AR B Y R/ L E
Lo ASTRIRE i AN [) 20 238 067 31 75 15 0] 9 22 55
23 W 35 50 e PN A LRI 43 1 (R R B R A
2006) . PRI, S5 28 AT X AT AR A W] i R A ] 20 28
TR N A 1L BR 4y S 2l Ak 1 T B B 1R E AT R Gl
1, IR G IR AS & (LG KA AG m Fh g, B 2
P LUGRAL A3 A7 Hb i, AN R4 B 2299 4 ) R4
HITE

AN T SR A b (8 A A B0 i e D A B Y 43
MESBK, WIMEN N EREZ RS,
R AR B MR VD BEARS 102k A AR MV A
N A B E 2R R, I H R B EE AR A A A
FE SR N A LT 2R AR AR SR A RR N A
FIEARTR] FEARH A AL s 2 it e N A R 2
FEVE R T A%, AR MR A AR i e e g A2 |
WAL TR R, 5550, R B FE N B9 VR A
AN AR LR R R AR B VD AR A Y
A B AR IS B0 o o, iR P N AR L 5
AR A 0 M 2 A 2% v 18 1 2R L TR AR AL AR
BRI 0, AS[RIHEERE o b B DL 3R A I 25
T M B 0 I S D Ay ) A 7 i | B AK A0 B Bk
P& R FAESRBY YRS (O 358 S 3k i T g /)N
BRIETAJE , R AR N 0 V0B A 1 O 32 Sy ik 0 T
J& B ek R RS AN HGE Bk B AN [ A
R it B o8 AR LR L R AR TR — o 25 5,
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Juybari et al.(2019) 238 i M 4% ( Citrus sinensis) P
A TR DB O A L) B K 2245 (2005a) A
T A (HE28) (R (RE28) (SCELR (Rhi2E) h
OYEIEE R 24 A JE R AL AR | BE RS 16 R gk
T @ R E ; Durdn et al. (2005) 2 18 19 #7745
( Citrus limon ) W A= H. T/ B9 O # J&@ 0 i 2% 18 )& 5
Aratjo et al. (2001 ) 238 A9 A [F) FH A7 & Bl v 9 A2 B
PRI YD B2 A ) A8 L R A8 1 R A L s . LA
WP Y R N A R RIS S5 s e K
H A5 0 M PR B 520 ( Duran et al., 2005; %7K
2245, 2005b; &8, 2013; i, 2015; Sadeghi et
al., 2019) . Summerbell(2005) W %338 H A1 22 JL3F
T T oK B A R IXRIE AT RE 52 W AR T L T A 2
. BHK 224 (2005b ) WF5E K BT A P A LT A
T L I A 401 4% I B 45 8 ) I v TR AR, (HE:
AWFFEEE R IFAAE A L, 7T e 5 AEA & B
TR B A G, AT 2 A2 B K 55 A
RIZ W, Loro et al. (2012) & P2 N Fg v v b 5
AR PR B I FEAS A W 8 A LT B 2 AR A
T ARG R ARG T 5 E T 2B AT R K
R AR AT A WAL, ) 4h, Carroll et al.
(1978) WF5T A BRAL AL N AE B4 19 2 5 R 1T g 5 4F
Rk & UIE AR OC . e Ah A WF 5 K BLA A b 1 b
KRB A LB AF AR, 4 DU ARG b Ry o A LR D
e HALHE , iS22k A JE FEAEE (Nicoletti, 2019)
) A AR TR AT R IR T s A KR R A AN T DA
PRBE v AR R T AT P A TR A e B b 3 2%
PR M R AR 7 X0 S R ) | A 24 Y I it
ARk B it FH 45 R RE X N AR LT B 2H AN o A B
5 W ( Tian et al., 2004; Eschen et al., 2010;
Persoh, 2013; Sadeghi et al., 2019) , Ifij 4K /) 5
e AL 8 A R SR A RIBESE

AR ZH S i 9 A TR RE I 4 R 22 S OKR
i1 sk v S T = S SR A i O S < I = N U
AL VD BEAL 10 0 i Hb B Y A L ) 2 AR
TSR TR A R N B VDS A Sy it b i 24
PEAR TR 25 e B O 3 s o BE % f6L s | il 2
ol )& BRI R 8, B AP IR RE S SR T R R
s ek E . Hob Sk fm 18R 5T R | ok
G R FRAE A A e b AR B
B NEREEE SRR MREE R A
RO B AL o A AE RS D i 4 R 5 B 5 2
BEEK 25, W Sadeghi et al. (2019) BF 5% M 1%

( Citrus reticulata cv. Siyahoo) A [ ZH 2L (- Af, F
T R o A LT 2H O 2E S, R R EE A% AR WA
S AR T b AR R AR A T A
O3 A KRR S i T A A A A, BRAS B
SE(1981) TEMIAE T EERZ)ZE 1 3 3 /ML
B2 B G AR i R v 38 e S B R AL A
s M R A A T b, Bk
(2005a) BF5E A BREEAR I8 12 £ B2 Bk R
Bz AR A oA, LA B S [R5 4 2R g —
R, A ARG AR 2= AR R 5 A
[Fi) R A ALk, G P A T TR ) 90 A 1 B0 249 7 T REAS
] (% 7k 224 2005a, b; Sadeghi et al., 2019) ,
FH AR A B A N AR LT B B
R4 57 o T 16 e, D0 3 Jm BCRe AT T b A o T
PRXT A A 152 2 0 T 34 B A Bt g o i M.
1 30 BRINAE ELIE A 29 BREA BUNAE Bt e T
AOTEE, L0 14 AN e el WL ARG TP oRT
A GURTAR 507 5 BT PR AR P N AR R R
ZFE . MHREHUE & b YO0 B v B A [R] T AR HE
W5 15t 97 o T HL A A [m) AR A TR, MIC A T
0.312 5~10 mg - mL" Z [0] ; 554 B & X HH A7 15t 35
JE Y MIC A~ F 0.156~5 mg - mL™' Z 8], EARAL
TAAF YO & A L E . IF B AR RO IR M
I A A5 30 Y T 52 R A TR R WZMG-Y-12,
LK AL 43 25 75 3 1) 2408 T & 1Y TR ik WZMG-J-
8-1 Fl WZMG-J-9 & B BT 3 i e e E . Horh, i)
JAE e R L T B e M A S HEA A ) b ) I AR AR R Y
A EL R & (Huang et al., 2015; Cui et al., 2017;
Brissow et al., 2017) , [A] st 2 A A K HAbAE 4
I HEER R R F & (Gomes et al., 2013; I,
2015; 2%, 2017) , A REFFREHZEN
A B A W) EA T3 B S P ( Chepkirui &
Stadler, 2017) , A 8 3% B 2488 5 )8 N A= H
AL A B2 P T R A ) ((Vieira et
al., 2012; Z2J044, 2016) . LA FBF9% 3¢ B[] )3 7
J | B4R T T RO A S T N B AR A AR 15t
i i AT RE R A O AR T, AR A
J& 5 HAEHUR Y EAE G R A R ek — IR AWE
580 WEHM, R BIE 5T A A AR BT i i o v 249 25 A Bl
JIH R, oz s Bk 2 R B B RS, 5
ARTFA5(2020) BF5E K BT A N A Sk 00 T T T iR
( Fusarium avenaceum Gds-1) & 1% ;=) X #H 45 5 B
s ELA R AR E Y B A RICR s X B 43 45 (2008) A
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BRIl B2 AT B R PR it A BRI A LA
EWFTER B, T TR N A R A B A
XA A 977 A0 s T RE LA E AR T ) g
T

L LTI A AR DU ah b R S A R R N AR
LR TR, PN AR LT A R s T T T R R Y
oA AU B B, B AR
AR ZR G T R] — SR Bl AN R B0 il e oA 2R
FUTR AL B o A B FL 0 9 55 A AR B 1 1
KR F3o0, A R A A A T O A P P
BRI PR 5 T B T AT b, EL v R DAY SE M AG I
A U K T 7 0 A A A AR T8¢ 9 T 4 B T AR
Je S T IR AR AR AR B it o P P A R S
PO 5 e BP0 &R ok — 2042 A A
HA BRI P DN A U T S M T PR B4 9 R T
T LU S o R FH AL, S I 4l AR
F18 3% BT 70 77 ¥ R AR 15 9 3 LA SR A5 7 b F) T e
K R BATE LA,

SE .
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