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RMNBXAREE T BEE L HEMNEBRERIER
WES EAT RAED RUES RB IRET ATET

oM R ARl E B M SRFH 550025
2 SRRl R4 BE seM BeBH 550025
3 B 2ERE RN AR T 554300

B OE: [FF) RRAER—FEREGEERE, S L E2HAMFERFTANGE, B2EHF
R F ARt S P, [B6] HATRARBEEOMELSAR, KA B HHRIBIRRE
Foy A A QAR R B [k SE R AT &% . Htkik RNA (IRNA) AR 446K X ITS A 5lARHE
FiEE RSB A, B LR IHRITE ARRHURRLEAR, A TEFNZ B ARL RN
R HRAILF A LI RA. H e Ebe. B-F) 248 85(B-GC)An % K F FUAE BL B B (PG) & M 49 %
. (2R WA LA ST 9 BF5) 1L MAE, 28 T4 EAKRE (Trichoderma virens). %% A
& (Trichoderma harzianum). 44k K% (Trichoderma hamatum)#= #k7&. A & (Trichoder ma asperellum) 4 4~
. 11 MR EXRMIEFE IR — I EIE R, dph EiLk3) 00% ok LR AR LIE: SERE Tv-1
(92.68%). Tv-2(95.12%), "A% K% Thz-2(92.68%), 4K A% Tha-1(90.24%). VA 44k Z K E L
BR AR EHRBE TR 4 5d/E, BIERiT 8L AR —BAE R F M, 55155 1.20.1.48.
2.69 42 3.16 nmol/g, B3 & Fxt 42249 0.77 nmol/g; 5aFRRaAaML, B-GC. PG BE MR & T4,
MREART 12.28%64.91%. 7.2%155%; FIBT4F 44850 2 4%, 2244 2.647 UmL,
AAXTFALREAIE AT 0.831 UmL. (456 ] 4 B33 A R 24l R F A A K SRAAEHR, £
FiB AR O M) TEARER B T BRE ) Ao SR I R L BAC S 7 KA AR, T A AR R 49
& Wb AR L AR B A AR T FHF.
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Abstract: [Background] Phytophthora capsici is a devastating soil-borne disease. Currently, it is mainly
controlled by chemical fungicides, easily leading to environmental pollution and food contamination
problems. [Objective] The aim is to isolate effective strains that can antagonize Phytophthora capsici.
[Methods] Isolated strains were identified by the sequencing similarity of the internal transcribed spacer
regions of rDNA and morphological characteristics. The antagonistic activity of the isolated strains was
detected by the dual culture test. After treated with the extract from the isolated strains, malondialdehyde
concentration, cellulase, B-glucosidase, and the polygalacturonase activity in Phytophthora capsici were
analyzed by the colorimetric method. [Results] All 11 isolated strains inhibited Phytophthora capsici
growth. The isolated strains belonged to Trichoderma virens, Trichoderma harzianum, Trichoderma
hamatum and Trichoderma asperellum species. Four strains (T. virens, T. harzianum, T. hamatum and T.
virens) showed higher inhibition rates, which were 92.68%, 92.68%, 90.24% and 95.12%, respectively. After
treated with the extract from the four isolated strains, the MDA concentration and the cellulase activity in P.
capsici hyphae were significantly increased while the B-GC and PG activities were significantly decreased.
The highest activity of chitinase was up to 0.831 U/mL with 0.783 U/mL more than that in control group. On
the contrary, both of B-GC and PG activities were significantly decreased in the treated groups, in which the
reduction rates ranged from 12.28% to 64.91% and 7.2% to 15.5%. [Conclusion] Four isolated Trichoderma
spp. inhibited Phytophthora capsici growth by destroying its mycelial cytoderm structure, decreasing the
activity of pathogenic factors and increasing the lipid peroxidation. This study provided a theoretical and
technology support for resistant the Pepper Phytophthora blight.

Keywords: Trichoderma sp., Isolation and identification, Phytophthora capsici, Biological control
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FRBSURE I 2 FH R AR 25 (Phytophthora capsici)
RN —F RN E , HIR R, v 2R,
R S8R A, WK, L3 SREZH
WA, FESEERM, Tl A, NSRS
S, WRUWEYIM RrhhZE . RS . ZEFFIRAELL
MR IET- S LR, e ERIX, KT
HATIR 80%LA |, R4 DR BRARLE S a8 B ek 18
20%6-30%, JUEET4 Il BHEERRB G
FEERWECAEEA: | i, GREM . WK, 4T
AL R AE A R R AE, REEMARAS I
BRI BTG MR | LR i R AN
SARIBPHATENE, (232 T R L ke

K2 H (Trichoderma pers) @ T2 21 & W ] A
61 H MR, BT iz ER, FEAK

TERRAR . Bl . FIR . BOhAERNR A RA I AR
R ORME . AR LU B Ttk BT AR
CHFBHAEY K B9 (Botrytis) . Th & T
(Fusariumsolani) ., {HFLHLE (Fusarium oxysporum) .

JRZEAGZE9% (Cucurbits fusarium wilt) . 7570 K 596
(Botrytis cinerea). 4L 2% (Verticillium dahliae
Kleb) . #i%475%%(Plasmopara viticola) 2 #1031

HMEALR RS FE . bid . BE. B5h
PEFIPREFE SR, AR AN [R5 S5 iR AL
FIRE, SO AR, PRk, A
% (Trichoderma asperellum) & [ ik RE R AR 75 hn -2
o DA T S A 97 A Il ) 3 T, A I DR A il R
A P APRAS B TETEAR B B R BR RS
ks g8 KR K% (Trichoderma longibrachiatum) fig
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7 T SR AR S R R N A A, S5 i A TR 22 A
PREETNACH, HAUSEERA B 4540, R iior
o D5 R 22 2 I v A P 22 ) R T
2] P AR EUE AR 22 L, i A ML
TR . ARFOGHBERE RS, WL e AN
JBEtS | REIR T LI Z R E A, ok
HHE, WEHEMPERS, REHLEEE™,
ABIFEAL M S 1 DX 53 B AR BE TR PR , e s A
BDAtK, TRIT B ARG HUE R A AR AR AL

1 MRETE

1.1 R

111 #&

B Phytophthora capsici (ACCC 36278)
WA [ Ml S A P PR R RS B P
112 ExRE

A R A R ARG SR L (PDB) . A fif Hh 4%
FRz, VIRREE, FREC 200.0 g finAE B K2
30 min), FEAMVARRRFEYS I 8 JRLb M uk, Wk
W, IMAEZEWE 2009, ZEWAKHNE 1L, 1x10° Pa
K& 30 min.PDB /il A35ifii 20.0 g, ¥2 41 % 50-55 °C
BHIA 196555 2k 3 mL, BV 8, 0 4% 4 25 M 1
AREEFEHL(PDA)

G F (/L) NaNO; 2.0, K,HPO, 1.0,
KCl 0.5, MgSO, 0.5, FeSO, 0.01, J##% 30.0, By
fi§ 20.0, 1x10° Pa K& 30 min.

1.1.3 FERFIFNLEE

LR FURE RS RN & N TSR
WA G, p- A BT BE M A AT . JL TR
il s PRI AR, Jb s &3 5 (Solarbio) BHE A7 R
] ; DNARBUGR £ . 2xTaq PCR MasterMix , DL2000
DNA marker . ZEHHEE R DNARIGRF &, KA
R L) AR AR EAMHLET, JUe
(B ERABRA 3 PCRIY, Bio-Rad/A+].

12 SEHNSE
121 BAEBESS

W BTN M ZEART SRAE 8 AN AKE S i
FRIZM L, DI/ INVRE, A 1:50 HR RN
WHIRML 5 s, JomZKIEDE 31K, A PDA Kigilit

T, BAFMARL 3-4 e 28 °C KiFk, FRmE
K, SR E R PDA £33 I, EH 56 Ik,
BN, 4 °CIRIEE.
122 TERRZRBESS

W BB BN IER AR R 3 SN
EL BRI S BB 2R 39 . SN R B
GBS - we SN N o A Uy L B
RGP R 3L 12 RS, SRR
2, B10g HREIA 90 mL JCE K, IR FE 4y
P, WL mL ZFFET 9 mL JCREKH, A
109%fH -+ JEEF R, FKBEKFRRR 107°, 1077,
10°° 10 BB VIR, YA T PDA B 975 |, F- 28 °C
BB, 2dEPIRAE LGN, [F 1.3.11%
PN, 4°CIRIER.
13 NESHEESFEE

TR KN IETE , A PR S 22 T
AP B, IMAJUBICHEK, 35 E g3 A sk
R, TRME TUWREZIIES . e
OYREEERE . R B RIEZS, PR RI TR L
B SR RITEAR . Bl AR TRER/N, 4R
W 2ZIREIE . TR =gt KA Torsim s
FRE AT I A s g P2
14 PBEBETTEPFELE
141 HEEEEZRERESR

ST ESTEIRTE PDA 53R5E I 28 °C1iF%, Al
PR22)5, PREUR 22 EFp T84 100 mL PDB X537
LAY 300 mL =i, 28°C. 180 r/min ¥k {71555
6 d ZIFEW P KR ERIRB 220K, JEAUhIES 25
24k, BTRFEM 55 °C #t T4 .
142 HBEEHEERELZ DNA 2

SRR R A Y DNA JE R 41 A 204 E
WA G S, JRIUF PR DNA LR, —20 °C
(=5
143 HEEHE ITSXIEFES PCR i 1&

FKABEFEEEEHASY ITSL (5-TCCGTAGG
TGAACCTGCGG-3)#1ITS4 (5-TCCTCCGCTTATT
GATATGC-3)® | 71 1Bt 4y 600 bp. PCR S iifA
Z(20uL): DNA itz 1L, F. FiF5149(10 pmol/L)
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% 1L, 2xPCR Taq MasterMix 10 pL, RUZEKAM 2
#| 20 uL . PCR [ £&1F: 95 °C 3 min; 95 °C 1 min,
55°C 1 min, 72°C 1 min, 35 fE¥; 72°C5min,
PCR /14 1.2%BfebEERec vk, KIS H E
T L L5 5 A PR R SE s, A NCBI
(https://blast.nchi.nim.nih.gov/Blast.cgi) 1 ISTH (http:/
www.isth.info/tools/molkey/index.php) #E4 7 75 £k e %f
4381 WA MEGA 7.0 31, R Neighbor-Joining
HERFREW .
15 SN ESEXERRSEHIHIZERNE

£ El-Tarabily 2271 . BUB LG AL
0.5 cm WHHUE R R YHER 2 PDA 557 E,
BERE RS R LGy Lem-2 em, 28°C 557 36 h, 1F
PEBUE B R DF 3.5 om A il B AR B8 o TR AR T
BE, H 2 NBUHER IR NS, DIAR R
xR, AP 3IRES, S AR A
B0 3. 5. 7 dEFRYINEIR . 4B B B
TR A 1) 238 (Vo) = (% REVTRT 5% 1) 1 428 — X IRy 355 5% A
JEERE R TR (1) 2148 ) 6] BE B 75 117212428 x 100,
16 NEEEABAERERYEHEMESEKN
Rgry 20
1.6.1 ABEHGHIEIE

VEHUN 2 e = 1 4 BRAREE Tv-1, Tv-2, Thz-2
I Thae1 16 {b 15 5% 48 h, #:Fh#]F 100 mL PDB %
FEHEM) 300 mL =i, T 28°C. 180 r/min #&IK
REOCE SR 7d, BUXKEEK 12 000 r/min &.0> 5 min,
Wtk B, KRB (EAS 0.22 um)id JERRFE RIS L
I,
162 AEERARYINESRNE

25 LR EAEAI , BB AR 2900 0.5 cm BN
JEE R PR P HURCE T PDA Pl g, 28 °CHigR 2 d
J5 , TEREBARRE BRI 24 2.5 em Ab i B K BERR
WAL, FANUEACR BN 20 pb JoRE I,
28 °C 117 5 d J il sk BB E 2 I 1B I
163 HRINREEZLIE

A BB B o AR 70 T B TR MR F 100 mL
PDB 155511 300 mL =i+, 28°C. 180 r/min
WEOEREFR 5 d, A L7 14U A R & R 500 pL

A SRR TC K AE I 2s IR IR, 28 °C fiE i
7% 5d, &H.
1.64 AZEEESERN 3 MHESEMENE

SRR T 1, A BRI [ Ab B0 G B 24
K19, KWAMNE, A 9FHARTHNSK PBS 2%
PR A5 TR AR 25138, 4 °C 12 000 r/min 5.0
15 min; B VRO EEBOR, %8N —#E(MDA) &
. FYEREE . B-H AN TR (B-GO) R 2 B F LN
TR 1% Tl (PG ) 1R e P 3 A TS I, B Ak
FIEA 3K,

2 HGRE4H
21 NEBREESFERE

SYEASE] 11 MREETA, TRRRITE S FHES A
F(#% 1, K1), M50 H3ERe 0 B8 2 e,
TESFHERPIMG ZARTE; 6 DMEAFEM 231
TEANSREARTE . WRAREE . SIRAREE | BRIARES 41>
B, FEARFEM AR AR SR & F 3
22 REENTFEMFELE

L 11 BREE B A FE D 2H DNA Jgfsibi , R i 1TS1,
ITSA J5 | P B8 TS KBTS T PCR ¥
B SRR/ 600 bp (9 F By, A HERRE D
HR B 2). PR R 11 BRI B9 HE A By
%k 575, 588, 601, 603, 603, 603, 615, 623,
686. 695, 733 bp, H 11 1~ A Bt iymsdE ¢ 417 L
XF, SRR AU R T 94%.
£1 PEBEHSHIE

Tablel Morphological characteristics of isolated strains
B2 2 i R S5 2 X e A

itk BEAURN !
Strains Species CO'.OT €] .S|.ze e
conidium  conidium (wm)

Thz-1 Trichoderma harzianum Green 3.0-55
Tv-1  Trichoderma virens Green 3.0-55
Thz-2 Trichoderma harzianum Green 3.0-45
Tha1l Trichoderma hamatum  Reseda 4.0-45
Tv-2  Trichoderma virens Transparent 5.0-7.0
Tha-3 Trichoderma hamatum  Green 3.0-55
Tha-2 Trichoderma hamatum  Green 2.0-35
Tal  Trichoderma asperellum Green 3.0-4.8
Thz-4 Trichoderma harzianum Green 3.0-55
Thz-3 Trichoderma harzianum Green 2.0-45
Tha4 Trichoderma hamatum  Green 3.5-55
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1 D EEFRNSHE

Figurel Morphological characteristicsof isolated strains

H: AL B: 28°CHigR 7T IWEVEIEA(A: PDA; B: BIKEFRKE); C: M EWFHEAMME; D: A4EHT. #R=20 pm.
Note: A, B: Cultures at 28 °C after 7 d (A: PDA; B: Charles’s medium); C: Conidiophores and phialides; D: Conidia Bars=20 pm.

bp M 1 2 3 4 5 6 7 8 9 10 11

2 AEWITSXE PCR ¥ 1

Figure2 ThePCR amplification of I TS fragments from the genome of Trichoderma
7¥: M: DL2000 DNA marker; 1-11: 11 ¥RAE: ITSJEHIP 3 5 BL.

Note: M: DL2000 DNA marker; 1-11: ITS amplified fragment of 11 strains of Trichoderma.

PIZEAUATEA Bacillus (KF986320.1) M4t E:  4H%; T. asperellum 4) 76 4% Tal fil Tad, M5
RERBTHR, T 4433 T hardanum 4y ASSCHIE 4 SGHE R BT (E 3).
Y AIFE Thzl, Thz2. Thz3. Thz4; T.virens 441 BTN RAE ) 12 A+ HERE AT 8 ANEA
5 Tvl, Tv2; T. hamatum 43371 Thal, Tha2, Tha3  FES S EE] 11 BRKREE R, 28R ITS 751
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93

100

0.05
3 ETITSHFIMEBENABRERS A FHHUK

Trichoderma harcianum Thzl (MH749454)

Trichoderme harziantm Thzd (MH843615)
001l Trichoderma har=ianum (AF057606.1)*

76 Trichoderma harzianum Thz3 (MI11843564)
Trichoderme harzigmmim The2 (MH781012)
Trichoderma harzianum (U78881.1)*
Trichodermea virens (KX343100,1)*

Trichoderma virens Tvl (MH781003)

Trichodermea virens Tv2 (MII7810006)

601 Trichoderma virens (K¥739790.1)*

Trichoderma hamaiion Tha2 (MH781011)

Ton| Trichoderma hamatum Thal (MEHT81010}

Trichoderma hamatum Tha3 (MH781007)
81V Trichoderma hamarum (748816.1)%
| Trichoderma asperelfum Tad (MH781009)
TO0 L{' Trichoderma asperellum Tal (MH781008)
Y Trichoderma aspereffum (KM456214.1)*
Bacillus sicmensis (KIF986320,1)

harzianum clade

virens clade

hamarun clade

asperelluwm clade

Figure3 Phylogenetic tree of I TS sequences from Trichoderma strain

TE: *: #EsUEkk, Bacillus (KF986320.1) 4MRAT: T mi A5 MY EMELRFE T4R 4515 1 000 W I BURE 4R 42 11 Bootstrap 37454
(>60%); LLHIR 0.05 7R 100 MEHF IR 5 A ; 55 WHYT SN AHNTSI7E GenBank )8 3% 5.

Note: *: The reference strains, the ITS of Bacillus (KF986320.1) was taken as outer group. The values on the left side of the node were

Bootstrap support rates (>60%) based on the neighboring method by 1 000 repeated sampling. The scale bar, 0.05, represented five out of 1
000 nucleotides were replaced, Numbers in the parentheses indicated GenBank accession number of the sequence.

ARLL A 11 #R % E N 4P : Thzl . Thz2 . Thz3,
Thzd J& TH R A& Tvl 5 Tv2 A ARER
Thal, Tha2, Thad J& THPIRAZF; Tal Fl Tad Wik
FAREERN, H, WRAREERC LRGN, e
i 36.36%; HUCHEPRAER, /sl 27.28%;
SRR AT, 732yl 18.19%.,

(Tha-4)-P (Tv-2)-P
B 4 AEESHMEEXTIEFSLE

(Thz-2)-P

2.3 ABREMHMEESNERIER

W 4 FiR, MBS 2 d s, WEEIRER
(A A R I R R PR RS s 3 d e, RETTIR
SRR ETE; 5d )5, SREAKRE Tv-1, Tv-2
ES B R A, AR R I R AE R, 1T Tv-1
5 Tv-2 k&b A K, TR E i R v 2 Ih s

(Thz-4)-P

a-2)-P (Thz-3)-P

(Th

Figure4 Themorphological features of the Trichoderma antagonism to Phytophthora capsaici in dual culture

{E: CZJy PDA KRk 7d MBS ; PAFRMIUEE.

Note: CZ was the Phytophthora capsici on PDA medium at 7 d; P represented Phytophthora capsici.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



748 TEY 8

Microbiol. China

A, AR, R R
AFERAN TR E . BAARE Tal AEPIRATE Tha3 5
BUE R B ATIRPRAS, TEACHALIE Y, 0.5 cm-0.8 cm
NG, AR AR, FRE N YR AR
HARHPRARE Tha2, BfIARE Tad, HRAR
Thz-1. Thz-2, Thz-3, Thz-4 5 HHUETH5E Fab
W22 HPRAE

XTIRFI T S5 R (R )R], 11 BRoAREZ R XS
PR R I AE A TRIVE ], AR AR 22 5
fRK . 3d i, Sl S R Tha3 (32.14%),
HHAR 10 BRORES RIbK R) 22 5 8 2 (P<0.05), HAH
PR 0] JCH] 5 25 5:(P<0.05); 5d i}, IMihIR s 1
FRSE Tha2 Al Tv-2, #10h 72.22%, FkkEIZFA
2(P<0.05), 7 d il = RS Tv-2 (95.12%),
PA PRI TG B i 22 57+ (P<0.05) .
24 AREREABGXHRMZESNHIIHIER

AREEH Tv-1 1 Tv-2, Thz-2. Tha-l i & BEK
R ] BAUSE B Y B B A AR, Horp Tv-2
(1) R EERCAHL AR ) B4 BT RICR W =1 (41 5)
25 AEEALABRMARYINHRMESAI_BES
=850

RGO IR Y A BE, B R T P
MDA i3 .2 5 T X I 2H (P<0.05) (14 6), 51k
1.48.2.69.1.20.2.16 nmol/g, ¥} i&ZH 1k 0.77 nmol/g.

B 5 ABRAERAERMNHRNESHNENIER

R 2 U HRASEIFIBREEHREIER HE, %)NE
Table 2 Antagonism effect (Inhibition rate (%)) against
Phytophthora capsici of Trichoderma strains

Vb4 S R I ] Time (d)

Strains  GenBank accession No. 3 5 7

Thz-1 MH749454 357 4444 87.80
Thz-2 MH781012 714 6389 90.24
Thz-3 MH845564 25.00 7222 89.24
Thz-4 MHB845615 17.86 50.00 85.37
Tha-1 MH781010 10.71 5556 92.68
Tha-2 MH781011 2857 58.33 8293
Tha-3 MH781007 3214 50.00 68.29
Ta4 MH781009 2500 6111 7317
Tal MH781008 1429 63.89 78.05
Tv-1 MH781005 17.86 69.44 92.68
Tv-2 MH781006 2143 7222 9512

26 ABELAEGARYHRNES 3 MEshs
EMERSZR

ARG WK R IR AL P, B RS R 22
B-GC 5 PG itk i % FF(P<0.05) (K17, 8), &tk
AR Thz-2-P (f#E 4 0.196 U/mL ,0.122 U/mL),
TG MR R & Thar1 (0.497 U/mL ., 0.388 U/mL), Tfij
X BEZH S o 0.567 U/mL . 0.459 U/mL., 214k 2 i
2R T B (P<0.05) (151 9), Hi A% Thz-2 Y
Vs, WG N 2.647 UimL, BE&ET Tv-1,
Tv-2 il Thz-2 AbFE2H .

Figure5 Antagonism to Phytophthora capsici by the crude extracts of Trichoderma strains
TE: CKAXIHE; Thal, Tv-1. Tv-2 # Thz-2 4331120 & BEBR AR Y A0 3.
Note: CK indicated as control, Tha-1, Tv-1, Tv-2 and Thz-2 indicated the supernatants of fermentation from four strains against

Phytophthora capsici.
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1

NN W W
S s
T

— —
[==TV ]

Concentration of MDA
(nmol/g)

[=1
wn

OJII[

Tv-1-P Thz-2-P  Tv-2-P  Tha-1-P
6 Ké@l“&ﬁ%ﬁ*ﬂa‘m%ﬁﬁﬁr BRZA MBS0
Figure6 Effect of crude antagonistic extract of Trichoderma
on the concentration of MDA in Phytophthora capsici hyphae
TE: ARVNGFRHUFR2EFAE P<0.05 41 T 2. TR
Note: Different lowercase letters represent significant difference at
P<0.05. The same below.

070 1

L
<
=
=

0.50 1
0.40 +
0.30 +
0.20
0.10
0.00

Concentration of
B-glucosidase (U/mL)

b
I c
I i
CK l Tv-1-p I Tv-2-p 'Thz2p‘Tha 1-p
E7 AREELBRHERIXEHRNES p-GC BN

Figure 7 Effect of crude antagonistic extract of Trichoderma
on the B-glucosidase activities of Phytophthora capsici

b
c
i I
CK  Twv-lP Tv-2P Tha-I-P Thz2-P
B 8 ABEABGHERYINHRNES SR AR
AR

Figure 8 Effect of crude antagonistic extract of Trichoderma
on the polygalacturonase activities of Phytophthora capsici

3.0 -

331"'[

Tv-1-P Tv-2-P Tha-1-P Thz-2-P

9 KE%EE%&#H&%X#%WT EAYREEEMRIF
Figure9 Effect of crude antagonistic extract of Trichoderma
on the cellucase activities of Phytophthora capsici

Concentration of

e
= W

—_—
=T}

cellulase (U/mL)

Concentration of

3 WikE4®

AR SCNJEE AR AR S P Ay B AR ] 11 BRR
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