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Screening and identification of antagonistic fungi to Diplodia sapinea,
the pathogen of Pinus massoniana shoot blight

Liu Duanchong' Li Xiaofei'” Wang Tiantian' Wang Huimin' Liu Huixiang® Lii Quan'
(1. Ecology and Nature Conservation Institute, Chinese Academy of Forestry, Key Laboratory of Forest Protection of National
Forestry and Grassland Administration, Beijing 100091, China;
2. College of Plant Protection of Shandong Agricultural University, Taian 271018, Shandong, China)

Abstract: [Objective] This study aimed to screen and identify the antagonistic fungi with strong inhibitory
effects against Diplodia sapinea, the pathogen of Pinus massoniana shoot blight, to provide a theoretical
basis for the biocontrol of P. massoniana shoot blight. [Method] Strains of D. sapinea isolated and purified
from the phloem of diseased trunks and shoots of P. massoniana in Chongqing of southwestern China and
the four fungal antagonistic strains were used as materials. The plate confrontation culture and mycelial
growth rate methods were employed to screen for antagonistic fungi against D. sapinea. The antagonistic

fungi were identified based on morphology and phylogenetic analysis, and the biocontrol mechanism was
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preliminarily explored by microscopic observation of hyphal interactions between D. sapinea and the
antagonistic fungi. [Result] The results of preliminary screening showed that all four fungal antagonistic
strains inhibited the growth of D. sapinea, among which strains CXY4103 (Lasiodiplodia sp.) and CGMCC
41126 (Trichoderma sp.) were the most effective one. The results of re-screening revealed that the strain
CGMCC 41126 had the best inhibitory effect on D. sapinea, with its fermentation filtrate achieving an
inhibition rate of 45.17% against the pathogen. Through morphological observation and phylogenetic
analysis of fefl and rpb2 gene sequences, the strain CGMCC 41126 was identified as Trichoderma
paraviridescens. According to the microscopic observation, T. paraviridescens could contact and coil around
the mycelia of D. spinea. The antifungal spectrum result indicated that 7. paraviridescens had antagonistic
effect on Ophiostoma bicolor, O. pseudobicolor, Endoconidiophora fujiensis, E. polonica, Gnomoniopsis
daii and G. chinensis. [Conclusion] A strain of antagonistic fungus with strong inhibitory effect against D.
sapinea, the pathogen of P. massoniana shoot blight was screened and identified as 7. paraviridescens. Its
antifungal spectrum is extensive. This study provides a potential antagonistic fungal resource and a
theoretical basis for the biocontrol of P. massoniana shoot blight.

Key words: Pinus massoniana; shoot blight; Diplodia sapinea; antagonistic fungi; screening; identification;
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Trichoderma paraviridescens

Ly FEKn (Pinus massoniana) 7&—FhAN AT 8GR 1) T
MEAH FRE B AR EE A o, S T, T 40 A0
T E AT X, HOE R AR e
M BA WS ESMAETNME, % H @R K
PA BB A 5 ARAR 5 9ok (0 A2 =270 A Al A 9 2 T
Gk R EH 22—, FEEEIR), AiEA 2
(Abies spp.) &M ¥4 (Larix spp. ) Fl 2 42 (Picea spp.)
£ 60 Z MR, kAR S 4 R E g, avE 2
XA X PR BT AR B T 7™ B 2 DR RAA
14 97 B —*F4 t8 — 4 (Diplodia sapinea)T 1823 5
R R I, Fries ¥4 Hooiy %4 Sphaeria sapinea, 1t )5
BE) 43 KR5TSN
4, 2013 4, Phillips 555 T 2 B X i Boor fhr B A&
SHETT, MR T RARS RS B o R B Al 5
JUIRFRAR B2 URIE 25 o, o [ 52 A 998 52 i 1) AR AR
T AIE B 65 /7 hm?, oA By B AL 2 3 A2 E W
RO, o T CORE B A 7 b K R TR 1™ B 24

H AT, S RAARH B E 2 LML= Pia . A
WEEEAMAEYIPIE A E . RREEE 2 — X RK
Bt R, 35 & N, BAEERE K. 4B va WL,
{ERA RS 6 & — PP 27 32 . SR, BT E AR g
RIEWERA IR 24710, EYBTE O B F B
) e A SR 22—, O LA F 43 Bl AR B i6 M g
FHHRWEE MG T &Y 2 28 Em
A BT AP, R T AR B H B K B 8 (Trichoderma)
M TR R, R 2 0 KBS AR AR B LB, BT
FARERS R I AT 16 77 TH S — RVt ek e . 25
F UM XA T Fa (Pinus sylvestris var. mongolica)
T A 0 5 0 5L B IR AE IS, ISR AR B (T, viride) R

il B 95 AT ) 400 T AR e 2 U i B AU O
He b o B H AR 5 KB (T songyD B IR 75 K4 (Pinus
densiflora) Fi A5 9 5 &% % % 25 VR BB IR K 5 (T
hamatum) Xt V& WA KSR B (Neofusicoccum laricinum)
HABRMEIBOER . 2R, KT 5 B D
B V6 A DS S0 B A R0 o DRI, %o 1 T R A il A
TRAETUMAE YD 238 BAT S SE = .

NFEIR A B — AR FE 5T H R R SR 5
FA R AR 93 B A BT 400 1 ROR BIS ST BT 5T A
385 R E PR R A PR JER TR TR AR AR T S0 0 e 1)
FEPURE MR ORA R RO Rp 385 7R R T 22 4 G
HARVETIRTEPIE I, JER AT E, AL RS
R ) AR 07 P S AR A A HE A ) S

1 857

1.1 iRIewr A
111 BXmit

2019 4F, FEH KT /T B ZTF X AT X R4 &
B RAS R By EEAA AR R AR A AR .
1.1.2 BXA#

A i TR 23 B8 B PR A A 8 SR A
T F0BRA $0 B A A PR R € 0 TR R (CXY4100)
4 BRI TLE B 008 1 BRAAKREE Trichoderma
sp. 1 ¥k (NCBI #2225 : CXY4102; H [E B 2 4 i ff
TR B 25 51 2 3@ A AR P O CGMCC 41126),
F Ly B A R RS 3 A R 4 B A0 3R 1 1 AR R R )R
Cladosporium sp. & (CXY4101), 1L &G B #r
L1 ) 75 K8 (Pinus densiflora) &5y B A4S 1 BN
E 4 )8 Lasiodiplodia sp. 1 & (CXY4103), HiiH



53

K g o A8 I ARG R S 0 B 0 e 5 4 55

KV F R (Cinnamomum camphora) &5 44k,
ARG 1R Ik 208G 7 B (Clonostachys rosea) itk
(CXY4104), H AR A KA MR R 5 25 £ 1
HARSES =R, o S Al 5 LR B R 8UR
(3SR (Malus pumila) R T 6 B o] AR 55 1
B T4 0 B 0 S I s LK R
(Ophiostoma pseudobicolor) (CFCC 52683) fil & 1K
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2 H I RS )\ U5 /N B (ps subelongatus) N\ 12 3118 ;
MEAK 5T (O. bicolor)(CFCC 57789)F1 E. polonica
(CFCC 53552)70 # H = &2 )\ /M@ N R BT il
Gnomoniopsis daii B (CFCC 55517) | H [E AR fk
AEORE O (CFCO) FAIL, 7 B34tk B AR Quercus
aliena)™ 3 (57 M 51 BH )5 G. chinensis % # (CFCC
52286)4r & H b & B B 1 AR R W (Castanea
mollissima)
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121 RRAWH &

K A 203 B R0 B89 T FE A B A AR A
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RANIH LB, ] 1.5% B NaClO # i kAT 2 1V
BRALFE 1 min, JCE/KIMEE 3 K, A G B IR LR T
W ERIKSY, 15 2% PIKE R 7R L TR
70 88 o A W 88 A 28 B 22 10 AR KA DL O It
ST R, SR 2 Rumai ik aifh CR1E R
W, 2040 G BT 2% MEA $i 9758, 25 C 1ER 5
FEAE RIS IR, R RRT 4 °C UKAH A e T
T R85 .

122 HRAEF

R SRR URg 355 323 910 i e A B o ik
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TR BT E B IE R 1.1.2) .
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B AT 6 mm K /)N TR TR RS B R B U, a4
FTE PDA 55772 2 A (D = 9 em), 2 AR BFZ
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1) £ B TR U, T8 W 5 55 0 B TR R B R VONT A

0 R RO AT Z 7 . ¥ B CGMCC 41126
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=AM, FEERPRK (26 °C, 180 r/min) I 7 % Ks
F£ 7 d, SR IRE KR TR BEJE, W KB IR LA
8 000 r/min &0 15 min, Y& HIEHIFMH A 0.22 um
AL IR AR BR T, R I8 5 1 R BEIER T 4 °C UKAE
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HIEL 25 C RS SR N AEK 5~ 7 d VR L E AL
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1.3 HESZIT5HH

{8 F Excel 2010 4 x5 % 45 2 47 % 22, 5] A
SPSS 27.0(IBM, USA) ¥ Ao} # 45 1 47 #2807 22
437 (One-Way ANOVA)

2 HEREN

2.1 HRBZREREENR

BT RE 78 L 0R e 3815 4 BRFEPU A . AERE %
4d Ja, XTI A RA B VR B AR (B 1A), F
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H R R A, AEXTIE RS 9% 2 d B, DR
A BB RS BURCR (1B, 55 3% 4 d B R ik
70.25%(F% 1. B 10), H K2 H tk CGMCC 41126,
FERTIRE B 97 4 d i, b € A AR W B I RS P
B, PIE RIE 63.33%(FK 1. K 1D). Hik CXY4101
A IR % 4 d B, IR RN 47.50%CF 1.
Kl 1E). BEPE CXY4104 595 J5 18 X ke 3% 7% 4 d B,
BRI, N 33.50% (3 1. B 1F), Bl i 38,

BIR CXY4104 (118 7% 3% 0 N BIRA 0 R B V&
(B 1G ~ H), H At K A8k 55, #0758 2R A
Wi g, SFIRERE 9% 8 d I, CXY4104 XAt —f 0
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(E 1H).,
22 EMEERER

FIEATI G b, S b € A B ROR A 2 A
Pk CGMCC 41126 F1 CXY4103 #ATHEPIEH N E
i, BIma Rk 2. ¥ 2 fros. WPk CGMCC 41126
(140 R TR 0 KT s 8 — R4 TR 8RS U, R R
45.17% (3 2. B 2C) . Htk CXY4103 XAt )
IR 13.14% (3 2. ] 2B) . A4h, Hikk CGMCC
41126 K EEFER AN A (0 AR 72 5 A K TH
i, AN T AR AR 2 AR, KT IR
CGMCC 41126 K EEJET I3 77 5 B RIRA (8 — 1S,
A B 22 3 T W R /N T R AR (B 2A. 20D . [Rltki%
FHHE#k CGMCC 41126 I T 5 801 5% o
2.3 FEHIEBE CGMCC 41126 X2 LT

¥ B #k CGMCC 41126 #: 7 3 PDA k5773 L,
4dJE, BKEGEFRILRE (E 3A). ZE K E 2
SREGPRAEK, WL EIEYIIRM BN A, &R
T ) ZE K 32 T AR R B 8 (1 3B, A B FIR A& S
B o o AR R /N, 22 R IR /NG S 30,
BAREGR B A f T, AR sk, o
BB S, U SR SR AE o AR T R I T, K/ R
(2.56 ~4.29)um x (1.64 ~2.07)um( & 3D). 4 LA
RS EKRE, SRCEH S E T, HHY)
WU e NI 2 K 5 (Trichoderma paraviridescens) o
2.4 FEHRERE CGMCC 41126 Y FEE

B ¥k CGMCC 41126 2 5 FT 3513 1) tef1 F
rpb2 DNA [FHIK 5 5104 1284, 1 037 bp. K3k

A FMA T CXY4100 (35374 d) 5 B. ZEMHFAME —H0 CXY4100, 45012k CXY4103 ( XHIREFE2 d) 5 C. ZEMAFAE 1 CXY410
0, £k CXY4103 (XFIfREFR4 d) 5 D. ZEMRFAE 1 CXY4100, 45125 CGMCC 41126 ( XHIR¥E3R4 d) ;3 E. &M G =0
CXY4100, AWK CXY4101 (XFlER;FR4 d) 5 F 220096 — 1 CXY4100, A IIH CXY4104 (XfURERGFR4A d) 5 G. 2N ARG —
il CXY4100, £k CXY4104 (XFIREREFRS d) 5 H. ZEMIAFA 4 CXY4100, FH CXY4104 (XHIEREFR10d)

BT 4 BRAE TR SR (8 X IR R AR ]

Fig. 1 Effect diagram of 4 antagonistic strains cultured in confrontation with D. sapinea
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Tab. 1 Inhibition rates of antagonistic fungi against to Diplodia sapinea for 4 d

gl Wik 5 o HE TR 75 2 4% /em AV 42 /em MHEZ/%
¥ )& Cladosporium sp. CXY4101 4.50+0.25 2.32+0.05b 47.50
K& Trichoderma sp. CGMCC 41126 4.50+0.25 1.63 +0.43¢ 63.33
E0 1B Lasiodiplodia sp. CXY4103 4.50£0.25 1.32+0.12d 70.25
LKW B Clonostachys rosea CXY4104 4.50 £0.25 2.97 +0.09a 33.50

T BRI E + AR AH A AR E T BMRR A BB ER(P<0.05). FH.
*2 ERERABRRANREZHEAIMNEE
Tab. 2 Inhibition rates of fermentation filtrates of antagonistic fungi against to D. sapinea

A WG 5 X IR B4 /em b FR T4 B A% /em T /%
KEJ&E Trichoderma sp. CGMCC 41126 7.15+0.24 3.92 +0.30b 45.17
F 1)@ Lasiodiplodia sp. CXY4103 7.15+0.24 6.21+0.26a 13.14

A ETRINJCHI/KE PDA BEFRIE IR 4 5 B. ZESINERE CXY4103 EZFEIEM LY PDA R 3R5E FESFRINE 415 C. TSI

R CGMCC 41126 K BEIETT) PDA B53RdE B FRIAM — A0,

2 TP CGMCC 41126 Fll CXY4103 HYRFEIEMBN A B —IHEHUER 53834 /)
Fig. 2 Inhibitory effects of fermentation filtrates of strains CGMCC 41126 and CXY4103 on D. sapinea (after 3 d of incubation)
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B B EE
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2.6 FEMEE CGMCC 41126 MEILNE
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Fon WM EKE T, & LK%, E. polonica- G. daii.
G. chinensis) [ HN T R R . 25 K, Bk CGMCC
41126 XF 6 PR AT J5 B 398 B 4 I 4 ) 25 8, 40

PR IITE 55% LL (36 30 B 6), Horp, XK MGE
FKEB MK, P KEE, &L KK
E. polonica WP BE B L5, TR ZHEALE 70% LA s
ST AR B 107 97 5 SR 1 (G, chinensis) )3 1 3R AH X 4%
fiX, (HHIX 56.62% . SAEKFE, CGMCC 41126 Pk
BB AT EE T o
2.7 FEHREER CGMCC 41126 3FFEMLEHENK
A M 10 d J5, WE D RN AR ALK
B, R E AR CGMCC 41126 1 5 Fa oA 77 £ 1]
PP B CIEL 7AD, T HEE 2 22 o o v A € — 1) 15 8
FABEFP AL =4 B R BE (] 7B o 45 R, Wk
CGMCC 41126 X} 5y 2 fa t AN BABURNE, 19t
PR — g2 e,
39 b
3.1 SEMHEREAE CHEERERENIFE
AT ST 43 B8 0 HE 1 BRI B AA RS RS 95 B R €
Z A RIFHRETUSCR I H B E R (CGMCC 41126),
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Fig.3 Morphological characteristics of strain CGMCC 41126
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Fig. 4 Phylogenetic tree constructed based on tef1 and rpb2 gene sequences of strain CGMCC 41126

R TIZ 53 AT B AR B B seopp o0 5T R 0,
T T 2R AR 85 X5 SF (Paeonia delavayi)3 #1399
J FIAR J 75 (Phytophthora cinnamomi) A6 %5 5% 1 41l
R R0, = A (4 1 AN |4 R 1 ) I R R
J% %5 W (P. nicotianae) AN Z53 771iE 3 61.719%
100%, Ft B A 2 00 5 b 1 7 R AR & A8 K AR
I N 7 e S R E 5 NS A SNt (VR TR0
IR 3% R B I B 22 63.33%, LR TRV A 2, 7

IR 3N 45.17%, BA R LM E T, JAT1HE
DT e AR HU AR B TR R vh A T A I ROR
AR AR . AR B 7> W IR AR i HoAE o
B B RS 2, EEAIEPIRSE, BT
B RN R AN VR R TR E s
W B IRIEANAEDHE A2 AW T, i
W e AR AR AR AR PRSI, I6 TG B
—BEE.



%38

K g o A8 I ARG R S 0 B 0 e 5 4 59

K=
Ji v

4

5 TR CGMCC 41126 X FA 0 — f IR R (K B o 22
Fig. 5 Microscopic observation of strain CGMCC 41126 against D. sapinea
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Tab. 3 Inhibitory rates of strain CGMCC 41126
against 6 forest pathogens

CGMCC 41126
3SR R ELEEEE
WkEEem  MEE %
O. bicolor CFCC 57789 0.94+0.33 ¢ 78.88
O. pseudobicolor ~ CFCC 52683 0.61+£0.10d 86.24
E. fujiensis CFCC 53580 0.59+0.09d 86.75
E. polonica CFCC 53552 1.10+£0.10 ¢ 75.40
G. daii CFCC 55517 1.50+£0.08 b 66.66
G. chinensis CFCC 52286 1.87+0.10a 56.62
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Fig. 6 Effect diagram of strain CGMCC 41126 cultured in confrontation with other 6 forest pathogens for 4 d
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