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Abstract: To explore the defense response of Carya illinoinensis (Wangenh.) K. Koch to Colletotrichum
spp- and screen control agents, the pathogen of C. illinoinensis anthracnose in Dingyuan County of Anhui
Province was isolated, purified, and identified, the variations in reactive oxygen species contents,
antioxidant enzyme activities, and expressions of defense-related genes in C. illinoinensis after infection by
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this pathogen were analyzed, the resistance of eight C. illinoinensis cultivars to the pathogen was
compared , and the toxicity of different fungicides against the pathogen was analyzed. The results show that
based on morphology and molecular biology, the CZ102 strain isolated from the diseased leaf of C.
illinoinensis anthracnose in Dingyuan County of Anhui Province is identified as Colletotrichum fructicola.
After infection by CZ102, the contents of H,0, and O, and the activities of superoxide dismutase,
peroxidase, catalase, and ascorbate peroxidase in C. illinoinensis leaves significantly ( P<0.05) increase
in general. The relative expressions of defense-related genes RBOHD, LRR-RLK, PTI6, and GPX
continue to significantly increase from O to 24 h after infection by CZ102 and significantly decrease at
36 h after infection, while the relative expression of PR-10 continues to significantly increase from O to
36 h after infection. After infection by CZ102, ‘Yizheng No. 10’ and ‘ Shoshoni’ are highly resistant,
‘Stuart’ , ‘Shawnee’, and ‘ Mahan’ are moderately susceptible, and ‘ Pawnee’, ‘Nacono’, and
‘ Forkert’ are highly susceptible. Carbendazim has the best inhibitory effect on CZ102, while prochloraz,
tebuconazole, thiophanate-methyl, and pyraclostrobin show good inhibitory effects. In conclusion,
different C. illinoinensis cultivars have different resistances to C. fructicola, and large-scale planting of
highly susceptible cultivars should be avoided in orchard cultivation management. Moreover,
carbendazim, prochloraz, tebuconazole, thiophanate-methyl, and pyraclostrobin can be used to control C.
illinotnensis anthracnose caused by C. fructicola.

Key words; Carya illinoinensis ( Wangenh.) K. Koch; anthracnose;
antioxidant enzyme; defense-related gene; control agent

Colletotrichum  fructicola ;

i 5¢ 1L Bk [ Carya illinoinensis ( Wangenh.) K.
Koch) 4 % #k Bl ( Juglandaceae ) 1L # Bk J& ( Carya
Nutt. ) BY7& IR A, J5 77 T 56 [ F0 A8 75 BF LS, R
SR AN W IR S A FER
TMIREEE IR LY, B W RAS DR Bl H AR 56
P2 ARSE B ARMS R A), i 2N R A e ARk Ak i
PR AR S P E T 19 R RS I Rh R R e
Bk, HRTCTE LB =/ VL8 LA 14 4 (H
DK BT ) HESAE 2 RS LA ) B
FREZBEPER R MAET R ARRR A4
PR AT 5 T

Bt S LLAZ AR AR B o ) H 25
B, C R E G A H Ak RE, EdkaE, B ATE NSk
WoT Il B Bk e E AR 22 BT s
( Colletotrichum spp.) & H i & 3 B P9 # 72 1L Ak
U B IR B R, BN R D5 LA PR Y 2R JH B
FEAE2E S, 5 DRI BRER WA S AH R, #1410 : Zhang
5 U VT AT s 2 B 0 5 LA Bk R TR
B M BESE B I T (C. nymphaeae) , RAF T % H IR
HERN AL (C. fructicola ) F15) %4 5 JH & ( C. wviniferum)
JE VLT b DCUHE 5 1L A% Bk PR B 0 B0 T, X R R
S5O S SR ) L 2 R PR 2 5 YL )
5 b DX U5 LU A% b BRSPS BT o B
S SR 182 AORR M T VAR VTV 9 A L o
LLRZ G SR IRES (405 J5 TR A T 4 | R B 22 b i I T ]

SRR BN . R SIS [ b X 5
LB ) A s B S AR ], Bl . Oh 251
B | A ] Y L A M SR S e S 1 0 i TR A
WIRIH T (C. siamense) ; Poletto 603 3F 1 PG 1 T A
LLIAZ R & A I B R SR 267 7 D T 4, A
i L L TR Ay B S A T T

HAR B FEITE 2 B0 R 1R et 25 5 3 B B
ARG AEHILR , an9 PR 48 (ROS) 488 & | B i AH e JE 4 1
Rk B R A 56 3 IR S s T sk, o
T ROS 2336 41 il 45 4 it ™ #5551 PR, A
YA B FATETEBR ROS MR R, 46 8 S 1L ) 152 AL iy
(SOD) L% k¥ (POD) it A fL SV ( CAT) Fildi
YRR i< S Ak 9 B ( APX) 25, DA T 5 AL 42 44K 1Y 1)
ROS KBS FA 070 PR & S A it ) VR 2K
D(RBOHD) \LRR ZZ4FE4E H I ( LRR-RLK) |\ E0U%
PRI PRI S 8% [ F (PTI6 ) 48 e H K Ak
fit} (GPX) LA KO B AH OG5 1 (PR) 402 4 ) 5 2 1Y
I A DG 5 P 2B 1 2 11, 3K 262 L FE RSO R ) 1=
et RAERETAER Y BTSSRk e
WEFE Y, T2 LA e 0 i T A S o i o A ) A R
DL K B B i R 3, TS LI o3 Jir TR =2 4 1)
7480 52 10 6 45 #2 7 . Chang %5 Fe 8¢ 1 58 1L A% Bk
UG i B FTESR i N TE LR C. fioriniae J5 AN SOD
F1POD {52253 ; Chen 2517 R FH G S 4L 1) 7 s
s T 5 1L Ak BT /N1 45 22 B 1 ( Pestalotiopsis
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S | EPUR AN SE A, X A R 25 5 B
FEf it TR B v, AT E SR T2
el A, Hoh B2 (¢ Pawnee” ) J& E AR
Fh, ¢ B2 (“Shawnee’ ) . F’ (“Mahan’ ) . #i&
JRRET (¢ Stuart” ) S S FRVE R B RS TR, R4S
C A8 Z R IE B AT LA R 5e LMk s |, (H 2
H OG5 LLAZ B AS [R] 5 A o) 7 9 B ) 0 v 25
HIPAHBEIE, AL Chang 557 SR FH4: L4128 7 vk UK
T 2 AR FT C. fioriniae WPTIMEZE S, TG
AU R R SR AL TE A BRI R

VEZFERBA T 2021 4F 10 H X% gloe e 21
5T LA A DL TR A 7R BRI R
2\ W) YT LLAZ B A AR el v SR B2 3 B AT BB 5
FEARY e iR SR TSI IR W J5L T e 2
S HCXT S LAZ AR BT A S0z () 2], I I B A [ i e
LLIAZA ot b X 32 S TR ) 2, DT 7 328 114 7 36 24
F)  ASBIFFERT R A (8 5T L AR I s P24 9
RS E 0 e LLAZ R A2 I v 42 U I 1) )7 A0 AH
SCTRAR, RIS [F] 35S LLAZ A ot Al X 12230 Jir B 9 B
PEZE S IR A T 8 A 24 30 X 320 I T 1Y 3 Y
BIARCR , LU R B -5 5S¢ LLAZ Ak Y BAEHL ] AF
G Lo LR S EL R A P27 B 16 e Ak B 18 Sl A
RIS

| R Ll I

1.1 ##

ST LAk I i R A B i B
A S AT BR 2 B HEFE LLAZ kAR Bel P 1Y) % e Al
P R 3 88 e’ e AR AR K T UL IR T E R
FREEPI I TR E . 8 A 3 AR AR AT LA Bk L
e ANE 10 5 ( *Yizheng No. 10”) . ¢ ERZNEN
(“Shoshoni” ), “HF Kl /K47, “H B . L F",
‘ Nacono” Fll“ ## 3e. 4% (“ Forkert” ) B2 H AR i L Al
A ) VR LA K ST 9 5 b (i o T S DX M A T
Je REAE XL ERAL ) | T [Rl—Hh [l 5422 B AR ¥ R 2 4F
A S LIAZAR Al R 4324 (¢ Shaoxing” ) SEA Al £

AR RR AR K AT KA,

1.2 FHik

1.2.1 FREGHBAA BERER IR Tk
FIE T KA, T A AR BT HUART A 3 mmx3 mm
HOZHZE AR 80 75% £ B8 1M B 30 s, IR FR 40 %k
1.5%NaClO7H B 90 s, o K IEVE 3 K H K 4R
W 2K L AK Sy, BT PDA Bigedk b, F 25 C I
iR 5 &R TR IR B — VIO 25811 PDA F
M I, B2 PDA AR b HAER 1 FPETE

122 RHREGBAEADN  H5EH PDA 4
F A9 D A R 22 KB AR 0 R YD AR 1 mmx
1 mm B/NEE 228 (FEIEZ 1 sz) , Bl R 30 mL
AR SE 4 15 32 3 (complete medium, CM) H7, 78 {H i
(25 C)$R LA 200 r - min™ 553355529 20 h, 155
9 DL TR TR YR S T TG IO R IR U 3k , T
FHMLER B A PR B R 1x10° mL™' | e
W 20 WL SR R AT A DI HE RN 2 3 AR A e 1Y
AR BRI R ZE A 3 A% e A R A
M, AR 20 WL JCRR KR X IR K e it g 4
I 3 W A S 7 5 R , B (0 5 PR 0y 1 A AR AR
18, B8 THRE 25 C 2 SAHXNRE 80% il &=
BIREER S B B TR AR EEFD 3 MR &, A Ak
3M R, BERR T d SRR BB R R AER . EEUE
I I e PR A 790 i B 4 B RN B % |l B A 2 RN
T AW 2 e IR A

123 BREGHEFER JRIEFEE PDA #5373
125 CHEEFE 7 d J5 , WSS liAb T V& 1 S T A o i
W TR IEA T 7E ML31 J62% B A8 (1N B & i
HEARABRAT) FWEE A FIRA, BN & IF i
SR 50 AT KN B2 H i D A A 2

124 mREGS>TAEAMFEL KM CTAB k#
B B B 19 . DNA |, R FH B389 FH 1 7% 9 1 2 58
f) ITS ACT .CHS—1 .CAL .GAPDH . TUB2 %& X ¥ -1k
51478 433 E4T PCR 9748, PCR 7= 928 Jii i R FY
O3 1% By NG W B M FhL KA I D10 e [l 72 T 23K
1K S R IGHFFH RS2 4 DHSa 5, 8 PHVE 4L 1%
EAETAY TR L) By A BRA R, K RE
75 6 NCBI A% R % 4fs I #F 47 6] 8 b X, £
MEGA 7.0 IS TR AUSR I ( maximum likelihood
ML) #4722 H PR G dAv, oa J R A R 2

1.2.5 REMEERFERASTNE WK HE
WIS N GFTIEAR 5 mm B YE, AT 3 454 ¢ %
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e M b, KA ELSE E TR 25 C A
XU RE 80% il 3 iR . REANALIH 3 AR REPR
2R 12 B, S NTERERP 0,24 A1 T2 h R4
5, o e BB FLA R AT B ) AR 7 Y A
YyE AL G (SOD ) A6 57 & ( PMHA4 -M96 ) ik 48
AP (POD) A6 3 577 & ( PMHA1-M96) il 72 SOD
F1 POD {5k s il A 5023k R AT PR /A 72 1Y)
i AL A (APX) Kz ) & (BC020) | i S AL &
(H,0,) #3474 ( BC3590) A A B E 1 (0,) ¥
MHAF) & (BC1290) i %E APX §i5¥E & H,0,.0; &,
RS A E 3 A E S, HEEE 3 1K,

1.2.6 Bt A Rzt REETae R 1.2.5
W AR R ol TR S 0.6.24 .36 h
SREEM R, FREL 100 mg B A, i ] SteadyPure %)
RNA $& B0 & (B R A=) TREA BR A A ) 42

F1 HRLZRBEEBXERNSIMEF

HUH 5 RNA #0548 5 F)FH HiScript IT® All-in-
one RT SuperMix Perfect for qPCR J % 5% 50 & (B
U ERE AR IR B A R FD ) B RNA 8654 5y
cDNA, 7 # 72 1 &% ok 5 K4 (& 5 GCF _
018687715.1) Hife it 5 > 5¢ 1L AZ A By 10 AH 5C ik A
FRIR% R FE 31, 48 ] SIGMA 16 48 %k #F (hitp: // www.
oligoarchitect.com/LoginServlet ) % 11458 5 PE 51 ¥ (5=
1) Lh cDNA FHIMR Actin'™ Ky P9 5 3L 18 3847 52
Pt E i PCR, VAR % :2xChamQ SYBR qPCR
Master Mix 10.0 pL, I FiiE5[4#145 0.4 pL,cDNA 2.0
pL, ddH,0 #b5F 20.0 pL, SN J¥:95 °C i 48 1
30 5395 CAEME 10 .60 °CiE k 30 5,72 °C #Eff1 30 s,
40 MES, AR E 3 MY ESE HE
BE 3K, LIERR 0 h Xt HE SRH 274 gk
I A ik

Table 1 Primer sequences of defense-related genes in Carya illinoinensis ( Wangenh.) K. Koch

K4 = 5¥F%)  Primer sequence (5'—3")
Gene name Accession number IE1 5% Forward primer JZ 15154 Reverse primer
RBOHD CiPaw.06G111600.1 ACCAGCGTGTACGAAGAAGG CAGTTGGGTTTGGCGAAGTG
LRR-RLK CiPaw.10G093700.1 AGCACTGTGTACAAGGGTCG CTTTCCACTCTCCCACGCAT
PR-10 CiPaw.01G143200.1 GACGCGATTGACGAAGCAAA CTTGATCTCGTGGTCGCCTT
PTI6 CiPaw.14G049500.1 AGTTCAGAGGTGTTCGGCAG TTAGGGAAGTTCGTGACGGC
GPX CiPaw.11G136300.1 GGAGCCCCAATCGATCTACG AATGCCAGTACCTCCAAGCC
Actin CiPaw.03G 124400 CAACAGGGAGAAGATGAC AGCACAATACCAGTCGTA
1.2.7 RE &Ltk SO B e Stk 2 EPONIE Bk 8 RN IR A Y EE T 4 RS

o TE 8 ST ILAZBE D 3 AR AR Ll AR A
253 IHERR EAR 5 mm A5 J DR R D, I 7 A 4%
Filt PDA 25 G FREAE AT R, A il PRl 3 Bk 4)
B AR 3 MO, RN T d SRS R RBYE T
B0, 25 B AR A IR TE SR

128 BRAEABEHAFL 500 g - L7 0w
ik A P A T 0 L AR B AR A BR A W) B AR
IR 309 AR R BEE TR R T B WL EUR A AL T A R
o], AR AR 50% £ B R B TER T A LR
RN B R, 500 g - L7 H 4% B R B 77 5
77 AR R E D R A BR 2 ] 5 R B 43 4
409 IiE R VR 7 7 B VLR As R A T A BR A )L 450
g« LTUBREERE K FLA ™ [ F R A W 250 A A
FRAT],430 g« L7 SCme BT 500 7 [ i i B AE
25V AR AT BRZS 7] M2 500 g - L7 S IR E I F = A
WL R FAYPEARA A, RITE 24 KR

IS5 RS 8 P2 I HEAT ik BE R EE AR BE (3R 2) L L
Hil 25/ PDA Bige 5k, W EAR 5 mm (Y TE YRR S
T2 PDA B3RS o DU R DRI AN 5 245 PDA 85
FRE X IR B TR SR . BRI A A B
5ANKEFRIL, Fpk) BEPE V5 K A 5 35 LA,
A SN % 2 ) A BT 0 D A 1 TR VR AR (d)
XTIRBA T BAR (d,) IR 3 (R) IR A
R=((d,~d,)/d,)x100%
1.3 Sito#n

i EXCEL 2010 #4508 47 580 F 43 47,
fdiFH DPS 15.10 B4 J5E T4 12 3 44 2 45 245 70 1) 2
1A 8 I B B 8RR B (ECy,) , LABEA]
W S TR 0T 25 39 R SRR s EC o (AR T 5 mg + LK
U EC fEAE[5,20] mg - L7 g b B fURK
EC,fH T 20 mg - L™ AR | fdi ] SPSS 24.0
A, BT B 2 U7 22 40 BT (one-way ANOVA ) Fl
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Table 2 Mass concentrations of test fungicides

AR BE ) e B/ (mg - L71)

2 Mass concentration of different gradients

Fungicide
I I | v \

N ik B IS Pyraclostrobin 0.10  1.50 22.36 334.37 5 000.00

A4 SF Mancozeb 100.00 168.18 282.84 475.68  800.00
LR Carbendazim 0.05 0.15 045 134 4.00
FH L TR R 0.50 133 354 941 25.00
Thiophanate-methyl

Ji& Mk Myclobutanil 4.00 10.64 28.28 7520  200.00
k&L Prochloraz 0.02 0.09 045 2.12 10.00
TR Tebuconazole 0.10 0.71 5.00 35.34 250.00
SEHNR Iprodione 0.25 236 22.36 211.47 2 000.00

Duncan’s i 5 % 2235 50 A7 7] — 16 b £ A [R] 45 B i 1]
(] S A [ it o )2 75 477 2 22 5

2 HERFMN

21 FRUEMKERBEREENSBEE

2.1.1 F LR amaE RS RRA S WK
LRk < e Je s FH [B) A& e R F H T iR &
95, DI AN H DU 1) 7K S5 bR A € /INBRE 5 v 39 B T
K BE IR, 2 R B G s A, TE A
BE; J5 I K 11 58 s (L B, % 9 41 4 S
Mo, SEERAL AR, AU e HIE
Bt B B3 23 BRECE , Hob 15 BRIE S MR
HLITS J7 31— 3500 B AR S o I T TR LB (4 B RNy
65%) , L 1 BRAEARE IR (L5 CZ102)
2.1.2 JmRE KB PSR C2102 F
5~7 d 5, o B AR R i RS AR 2 R

RIS BE , 16 B A7 JE B S B (R 1), iR bk
5 A SRIBIRREIR R — B, XF A 0 I B RS A T
TR HE B, A8 5 CZ102 B S AL A T kR, B
ITS MFLE 5 C2102 —%0, F L 1% JR B 2
T LA 1 R0 1 S50 T

TR 220 R 2 B AL T A5 I R AN B2 R X B The left side of the leaves was
inoculated with fungus, and the right side was the control uninoculated with
fungus.

B 1 CZ102 EHEXTET LZBkE M (A) FiE M (B) it F B R
PUEES

Fig. 1 Test results of pathogenicity of strain CZ102 on ir vitro (A)
and in vivo (B) leaves of Carya illinoinensis ( Wangenh.) K. Koch

2.1.3 mREBEFEL CZ102 WHIRLE PDA K5
HE 3SR 3 d W I IE T A R K AN OR L, T
LZARBRS BEIR, BROE R ERIR K A% K, B
5 dJRRVEEEAA TR, IE AR K6 (B 2-A) ,
FRRE (K 2-B) s TR NG 8 4 53 A il LA
KA R E 33 B 60 PR o i B, K/l (12,4 ~
15.8) wmx(4.4~6.0) pm( &l 2-C), BEEFIERG
AT S A i A gt s 0

2.1.4 JmRBRHES>TEE X CZ102 BFER ITS ACT,
CHS-1 .CAL .GAPDH F1 TUB2 3:[H #£47 PCR ¥ 4% Al

D
=
0 AN N
R o e
\\ S e
VD
bl
50 um N Q c

A 5355 d e W% IE B A Front colony morphology after 5 d of incubation; B: Hig% 5 d JF R VK R IEZS Reverse colony morphology after 5 d of

incubation; C: I RLFIES Conidial morphology.

B2 CZ102 EHREIFESEHE
Fig. 2 Morphological characteristics of strain CZ102
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W, #id BLAST [R) P HL X, i3 6 35 K 371 5 250905
JA T SR A A R U e . S L S
(1 3) iR CZ102 Fbk S SR A J S 7E 7] — 43 3
b, B FRN 96%, HIL, 45 G E My T LY
SRR ZER HE CZ102 BRR A SR A 454
22 E#MCZI2 AMEEELZMMHFREES
SEMIELEFEETK

5 (3R 3) o RN CZ102 WARIE Y 0~
72 h, WS IR H,0, FI O, SR Rsi e 1
72 h 439048 0 h #2795 92.2% 1 75.0% , 5T ILAZRkH:
A SOD . POD ,CAT Fll APX iG ¥ T4 5 24 h &
F(P<0.05) THi, 20 315 0 h 4215 98.2% .201.7% .
106.2% 1 137.5% ; TE41# J5 72 h, 5 IRkt v
SOD Fl CAT 1 PE#4 24 h 475 55, POD {1 PR HEA
PREERRE, T APX 15 B EFRMIF S 0 h L ¥
#5,
2.3 B CZ102 Bk EHE R Lk A B EIHE X
ERMHENRIEETN

SRR (K 4) BoR R CZ102 HRR)E , WSt %
Bkt B RBOHD LRR-RLK . PTI6 .GPX 3N I7E 6 h
Yeifs FRIR AR FRIB I AE 24 h ik BEAE (539
0 h 14 846.08 .21.70 .5.94 F1 7.25 £%) , Wi J5 ¥ 7
36 hi 3% (P<0.05) F R, HEER KSR & T 0 h, 10
PR-10 JEHAEXT R ETE 6 h B3 L J+, HAFE 24
136 h #7280 E T
24 AEFHZELZEGIIT CZ102 EHERIHE

8 AN L AZ Bk Al AP CZ102 TR 7 d
S B TEBLULIEL 5 Z5 R BN . ANAE 10 5 A B
He B R CZ102 J5ILFAS &9, W BE EA% (4
514 0.10 F10.12 mm) 5 %F 18 (0.08 mm) JC i 3% 22
S, R YO I EUREE CH e e B
M Ee Rl CZ102 J5 /NI BE 5 BE ELAZ (43 501

0.35.0.38 1 0.45 mm) 5Xf MAEME R EE R (P<
0.05) , L F R R ; < e . ¢ Nacono’ Hl ¢ 4 7d,
5 MR AP CZ102 J5 R BE R E T, T A KR
BE R BEE AR (405120 0.88,0.93 Fi1 0.93 mm) 5 H &
B AP AR B 25 e R = B IE . D gk
SRVEIIAN TR S AN HESE LLAZ R CZ102 TR R AR 7E W i

oCZ102
107 E‘ollemtrichum fructicola ITCMP 18727
69 | ~Colletotrichum fructicola ICMP 18581
Colletotrichum nupharicola ICMP 18187x
00' Colletotrichum nupharicola TCMP 17938
Colletotrichum alienum TCMP 12071
93 Colletotrichum alienum 1CMP 18691
E Colletotrichum siamense ICMP 18578+
Colletotrichum siamense ICMP 12567
67 Colletotrichum aeschynomenes ICMP 17673
‘@blletotrichum tropicale CBS 124949%
6'— Colletotrichum tropicale ICMP 18672
Colletotrichum musae ICMP 17817

53
1—_(21]]et01richum queenslandicum ICMP 1778
70 Colletotrichum salsolae TCMP 19051%

r,ollelolrichum asianum ICMP 18696
100\ Colferotrichum asiamum TCMP 18580+

Colletotrichum aenigma ICMP 18608

Colletotrichum gloeosporioides TM1 356878+
100 [Colletotrichum gloeosporioides CAUG2
Colletotrichum alatae ICMP 17919+
Colletotrichum horii NBRC 7478+
Colletotrichum cordylinicola ICMP 18579+
Colletotrichum xanthorrhoeae BRIP 45094

50

Colletotrichum theobromicola CBS 124945+
Colletotrichum boninense ML521

0.02

AR Genetic distance

PILT 45 09 FBE BT N R MR 95 The letters and numbers after the
Latin names are the strain numbers. * ; B R Ex-type strain. 5% [
BYECHE 4 B 52 35 % The values on the branches are the bootstrap
values (%) .

B3 ETFITS.ACT.CHS-1,CAL.GAPDH #1 TUB2 EEF 5 &
HRERRGXBHLR

Fig. 3 Phylogenetic tree of Colletotrichum spp. based on ITS, ACT,
CHS-1, CAL, GAPDH, and TUB2 gene sequences

®3 B CZ102 HHREHET LR FEEE 2N RS UEFETN (X25D) Y

Table 3 Changes of reactive oxygen species contents and antioxidant enzyme activities in leaves of Carya illinoinensis ( Wangenh.) K. Koch after

inoculation with strain CZ102 (X+SD)"

BRI ]/ h RS R/ (pmol + g~ ) Reactive oxygen species content B b E (U-g ) Antioxidant enzyme activity
Inoculation time H,0, 0; SOD POD CAT APX
0 92.48+6.81c 0.077+0.001b 445.49+21.92b  84.53+5.47b 36.16+4.72¢ 0.08+0.02b
24 121.44+12.99b 0.093+0.005b 882.82+23.35a 255.06+26.41a  74.58+10.42h 0.19+0.01a
72 177.76+2.64a 0.144+0.003a 933.90+25.30a 255.39+9.33a  105.09+3.44a 0.11£0.01b

DSOD; ALY {b#E Superoxide dismutase; POD; i1 /L Y Peroxidase; CAT. i EALE M Catalase; APX: PLIRILER T E ALY Ascorbate
peroxidase. [F] 2 F AN [R] /NG B 36 7R TE AN [R] 352 B it [|] (8] 22 5% 2 3% ( P<0.05) Different lowercases in the same column indicate the significant

differences ( P<0.05) between different inoculation times.
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0.05) between different inoculation times.

4 Cz102 Bk EE R LZN R EAXEENENREE

Fig. 4 Relative expressions of defense-related genes in leaves of Carya illinoinensis ( Wangenh.) K. Koch after inoculation with strain CZ102

“%fE105>“Yizheng No. 10 l | “H H 2> Shoshoni’ | \Eﬁ@]d\ﬂ’sman “He> Shawnee?

(M\! 9999941

JJe’ Pawnee’ “Nacono’ “HRids Forkert’
R ZE M R 2 T AL BE A DA AN 42 B 4 IR The left side of the leaves was inoculated with fungus, and the right side was the control uninoculaed with fungus.

B 5 AEEELZkRFZEMN CZ102 BikEHRRER

Fig. 5 Disease susceptibility of different Carya illinoinensis ( Wangenh.) K. Koch cultivars after inoculation with strain CZ102

HPiE 2R,
2.5 FREZFIX CZ102 EHkEISH

P 5% 7 52 1T L s Pk T i ST CZ2 102 B A 1 477 ) 2 2
B, EC, {H 4 %) M 0.394, 1.527 ., 1.965 F1 1.990

Hti 8 M2y FAIX; CZ102 HHRAMBIBER WL 4, mg - L', DL ESSRIEHT CZ102 BERERT ik 5 APz
BERWR  Z R R X CZ102 WHRA MG SCR B A B R, I B B X CZ102 T Bk 10 300 441 2ok SR —

WOPHRIZ(ECs,) 79 0.071 mg - L7 BKEE I SRR B EC, (6 N9.442 mg - L7, KW CZ102 BkRX %24

F4 TEGF CZ102 EHRHEF N
Table 4 Toxicity of different fungicides against strain CZ102

25 @riig Slope FHRTHE/ (mg - L7Y) 95% BfFMR/ (mg - L") LB X2(df=3)
Fungicide (X+SE) Medium effective concentration 95% confidence interval ~ Correlation coefficient

WL A TGk BTG Pyraclostrobin 0.241+0.041 1.990 0.392-10.097 0.9719 1.350
FRAREEE Mancozeb 2.920+0.211 280.106 251.890-311.483 0.992 3 3.881
£ R Carbendazim 0.695+0.045 0.071 0.051-0.100 0.995 9 0.207
FBLH% 5 R Thiophanate-methyl 1.964+0.066 1.965 1.828-2.113 0.998 9 0.348
fiFE B Myclobutanil 1.076+0.084 9.442 7.179-12.418 0.991 1 1.786
Bk ff 1% Prochloraz 0.939+0.146 0.394 0.201-0.770 0.965 6 2.305
JMEEE Tebuconazole 0.992+0.127 1.527 0.880-2.650 0.984 0 3.101
SR Iprodione 0.311+0.028 35.816 22.665-56.600 0.992 0 0.467
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