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Isolation, identification, and fermentation condition optimization of
two marine Trichoderma strains antagonizing Phytophthora parasitica

CHEN Xi', HU Fengxiao*!?

1 State Key Laboratory of Mariculture Breeding, Key Laboratory of Marine Biotechnology of Fujian Province,
Institute of Oceanology, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China

2 Technology Innovation Center for Monitoring and Restoration Engineering of Ecological Fragile Zone in
Southeast China, Ministry of Natural Resources, Fuzhou 350001, Fujian, China

Abstract: [Background] A mangrove forest is a special plant community distributed in the
intertidal zone of tropical and sub-tropical regions, where a large number of microorganisms
exist in the sediments, serving as potential sources for screening agents for the control of plant
diseases. [Objective] To screen fungal strains antagonizing Phytophthora parasitica from the
microorganisms isolated from mangrove sediments. [Methods] Fungal strains were isolated
from the sediments of Xiamen Wuyuan Bay mangrove wetland and then identified based on the
similarity of ITS sequences. The dual culture method was employed to select the Trichoderma
strains with high activities of inhibiting P. parasitica. The effects of different fermentation
conditions on the sporulation of selected strains were examined. [Results] The fungi isolated
from the sediments of Xiamen Wuyuan Bay mangrove wetland belonged to 15 genera of
2 phyla. The inhibitory activities of Trichoderma harzianum M312 and Trichoderma virens
MS552 against P. parasitica were higher than those of other Trichoderma strains. The two strains
(M312 and M552) should be cultured at 25 °C and 31 °C, respectively, pH 7.0, and low salinity
for high sporulation. [Conclusion] T. harzianum M312 and T. virens M552 screened from the
sediments of Xiamen Wuyuan Bay mangrove wetland could be used as candidate fungi for the
biocontrol against tobacco black shank, while the fermentation conditions need to be optimized
before commercial application.

Keywords: Phytophthora parasitica; mangrove sediment; fungal diversity; Trichoderma;
fermentation conditions

Hy 5 %592 25 (Phytophthora parasitica)5|ie kiRl

[ 0 B R 1299 (tobacco black shank) SUFRAH HE L@EE, i 396 o AL 405 DA TR EL AT L G
W . SRR, LR BT BN R P WY TCRE &*ﬁ%ﬂ@ﬂ]““?ﬁi%Eﬁiﬂvﬁﬂﬁﬁﬁ%ﬁi[ﬁi“‘“ﬂ@m
5, MJE At RE R AR RN, hEE [10-14] Eﬁuﬁfﬁiﬁcgﬂﬁﬁz[ﬂ?l}_%ﬁ@%*ﬁ}%

B B 60 AP AR (R YA E v, N (Tnchoderma) I\ ZF AT R s (Bacillus)'Y) | BERE
RfEERNCENREZ —, BEGRNAY  EJESreptomyces)! R HLH A & (Pseudomonas)!'!
PR E Ao, EPY B, MR EMNR & B, SRS AREE (potato dextrose
BEERELWEIREY, 2Rl A Y agar, PDA)ISFRAE FXHIRE IR 4 d G RPL, M
Biialen, Hidr, FITER . MEARLERZSA K& (Trichoderma harzianum) TH-1 % 4 %5 55
AT AR BT iR R H AT BT IIEI R 45%M DUR SR AR AR AR Rl -8
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A3 B Y 4 (6 K %5 (Trichoderma viride) M3, 4
AR%: Tv04-2 FING XK AK%E ThB X4 R 7 Y
AR EARHPUER, MEEYIE 65%LL EPY,
74895 % (Penicillium purpurogenum) Q2 k5
R 3 25 RN Hf #R 25 (Thiddlaviopsis basicola) X IR
BEFRBIIMTIR T B0 R 63%H1 59%2, Hh, A%
AR HE . B PER, PR SRS e
Bi 36 7 TR 2R B O S A AR 220 SR, T
IR A R T8 9 35 T TR 1) 7 3 22 D T R A R
S, AW RRE PR R A7 v Rk 3 R A
{8, JFRE AR By 5 o 0 3 00 R IR SR AT 2 A 2K
2. LM R AE S RS, ERKTE
il b 5V Y 58 25 A TR e B Ay 24l T Ak
MRS RETR , 2B MR M O R ) v ) TR R R
HEE R0, Wk, i B £ Rk
DU h ) LR 2R, RS s 1A
b E I SOR ISR R, AT R SR IR e 1
A B i PR AR B BT B I

A 5 o X S ] LGRS LU AR R Y R
IT BRI R AT AR W 2 S N 2 AR, T
B XT AR R g A A TRV PR P LA AR, IR
AR TR TR A5, DT Sy 0 A P18 Y W
A B T B A2 4 5 I B A

1 MR5r%

1.1 #&H

N AR s =y N v L TR SEFAN i N
RF H IR XA I VSR Hb > Pel (E118°10725",
N24°3120" P, 4k 100 m REHIERZLT
5-10 cm AYHEIX 3524 45 g REN T 0 50 mL
BT, HEREE 6 MARINLT, 4 CIRAFAE L

HH 8 Ry A S I 5 i 3 DA R R Tl
A PR TTAT 2 A Fp s 08 oA 3 1 A B 1
HERE A oy B S e

1.2 EHFRE

PDA % 7% J Fl B 8 254 %5 1% A 1 (potato
dextrose broth, PDB)}5 %352 X e flL 4280
DL, 5 AT GE T A RSP ARG RE 8
FE. MEALREFRIL. M 30.0 g sk 1000 mL 7
B 20 min, BUZDMSIEMEEZ TR, EXE
1 000 mL, 435 H 250 mL #EF I TEA 4 ¢
B # ) 500 mL — A, 121 °CK A 20 min,
o T P82 3 B i TR 0 5 9 R I 1 4 e 22 [ AR R
&, FH T4 B 9% B (Phytophthor a parasitica) i i
fEIEF%
1.3 FERFIANEE

SRR, RS RAEE AR R AR TG
KT, PEBERL2E R BR 2 |l ; DNA i it
M, A& R AR H AR B R A

s TAES, M LRSI ARARAFA;
ARG TR, R s BT A i A R F
TR KIS, AR LR ARAHE; ik
YRR, BB R RAERAEIRA R KEH,
PRSI RIE R B, SORTER D 2
wl; PCRAY, NMAAEMRG AT,
14 HEEHNTES5RE

KPR RN 1 g ZIRARTTRY
YIkES 5 10 mL AR AGR A, RS2 513K,
FEEERRE, 2345 1071, 1072, 103 F 10741y
i RV o T FH TR B8 WG A5 B 0.1 mL AN [ 7 B
R B 2 PDA ¥53R3E I, JFRC IR AR
PR T TR SI IR AT AR A AR L, 28 °CHE 3R
3-7d, HEWKEKH, 4itk 3%k, B8R4 E
7% o MHEAE 0.5 cm 4T LA VIR 7% i 2 0 TH
E, BCABEA 0.9 mL PEFPFR(30% H i) B TG
EP &, —80 °CIRAF
1.5 K& DNA BI3EEL

S 2T UR F CTAB AR EUE R DNA.
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PRI TR 7% 2= EP 4 h, 65 °CIKifF 45-60 min,
JinA DNA #2250 12 000 r/min &.0> 30 min, B F
JZKABIIASE IR , 4 °CH#HE: 30 min J& 12 000 r/min
B0 15 min, 25 B3, 70%2 BEPE IR UTHEHHE,
TCR KB i
1.6 ITS FHI3 8 KN F

KFE 514 1TSS (5'-GGAAGTAAAAGT
CGTAACAAGG-3")H1 ITS4 (5'-TCCTCCGCTTA
TTGATATGC-3") ¥4 FLE 1) ITS F1 5.8S rDNA
X8, , PCR W 1K £ (50 pL): ddH,0 20 pL, Taq
Plus Master Mix II 25 pLL, ITS5 (1 umol/L) 2 pL,
ITS4 (1 pmol/L) 2 pL, DNA #i#z(500 ng/uL)
1 uLo PCR XM 25F: 95°C 3 min; 95°C 15's,
55°C 20,72 °C 1 min, 36 ME¥F; 72 °C 10 min;
4 °CRAF. PCR =¥y fdi W Bt At: =Caatm] & i 47
alifh, 2 A TAY TR A BR A it
AT .
1.7 EREHAS TFENFEELERE

W5 A5 EL TR A9 TTS P51 E GenBank (4%
PErh kAT BLAST Z3#fr, JF 5 2 4l i B T bk
W) ITS FEAHEA T IR R g, X gk T HE
W€ 5T B AR AR o
1.8 SR ERINEIEMNE

S 2 g 52 P 5 iR AT A o TR R
P 53 A AR FHBHE Y ook PR XTIRE 2 , 7E PDA
A R R A O, VRN TR N . B
CIRARUTAR ) 43 B A4S B 1) 7 R B B bR 1 B
HA AR R G, [ B3 B R AR T DF
BB A g B X IR, 28 °CHE . TN BEE 55
AR, AR 100 TR 5 0 O P TR RO -

P (%) =[(d—b)—(t—b)]/(d—b)x 100
Krf: d AXTIREEVR BAR (em), t AL FRTA 7 H
Z(cm), b HEPEEE(cm),
1.9 EEVREFEN

W R MR R B PDA 55 5P AR |,

28 °CHEFFEHKWISE, M 5 mm EAMIT
FLARVIHL 2 BRBE Uit A264 100 mL PDB K55
=M, 28 °C. 180 r/min R1%5 5555 .
1.10 ZEHEFFHFMRL

VBRSO B U Y 2 MRS 25 TR AR AR S
T () R 2B B DA bR, PEAS pHLL IR EEAIER
JE 3 PR30 L e G % 7 b R AR

BEE pHAE N 5.0, 6.0, 7.0, 8.0, WHEIRE
22,25, 28 131 °C, @it ¥ NaCl B8 £
FEREE N 1% . 2% 3%, K 250 mL I M3
100 mL, ZEFVEAZ 5 mm B EDES 2 e, FRIH
K 180 r/min, B THIEEKPEFE 3 d, £
P 1 d BERr T EOR &G MR L, ER 3 IR
TR .
1.1 BREGITSSH

K H Excel 2021 #4785 Ab B AN R Hil 1
i /1 GraphPad Prism #X{47E 0.05 /K Fifbfr2
S EPERTS, R ] MEGA X B¢ 14812
B bootstrap {4 1 000, HHE ARG KT WM.

2 HZRE50M

2.1 AWMTRIN BRI SN
M T T HGIE LM ARG b e By 75 Bk
FLIA o il i BLAST 6 AR 7 51 %) 3 15 i i
PP AT HE R, S 32 MREW, RET
15 J& (3R 1 M3 2) 2L AR TR W) FL iR 32 281 s
T ](Ascomycota) FFH [ ] (Basidiomycota) .
NSRS AR iy SR ALY/ NENCSY 3 N ) e
FLikE] 94%; TG & N 6% XFHAH) 7 N KEH
PR, ARHEH ITS 751 K HAR B B e i A =X T
WIFAEN. RERBEWIE 1), RERB R
WoRYEG R EE R, A5 ST {E B
KT 95%. Hrr, Hk M310. M312 HIG KK
%% (Trichoderma harzianum), M552 NZE K%
(Trichoderma virens), M025, M151 #1 M617 4
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Table 1 Identification of fungi isolated from mangrove sediments
L3 TG (F515) FAALLEE J& H I
Strain Closest relatives (serial number) Similarity (%) Genera Order Phyla
MO066 Acremonium sp. (OM899878) 99 Acremonium Hypocreales Ascomycota
M412 Aspergillus sp. (MK453215) 99 Aspergillus Eurotiales Ascomycota
M112 Aspergillus sp. (0Q652080) 98 Aspergillus Eurotiales Ascomycota
MO17 Aspergillus sp. (0Q652079) 95 Aspergillus Eurotiales Ascomycota
M214 Aspergillus terreus (MT141149) 97 Aspergillus Eurotiales Ascomycota
MO065 Aspergillus niger (MT430878) 98 Aspergillus Eurotiales Ascomycota
M325 Cladosporium sp. (JN207317) 99 Cladosporium  Capnodiales Ascomycota
M613 Cystobasidium sp. (LC272869) 92 Cystobasidium Cystobasidiales  Basidiomycota
M320 Candida thaimueangensis (K'Y 102439) 92 Candida Saccharomycetales Ascomycota
M322 Cladosporium sp. (FJ196618) 97 Cladosporium  Capnodiales Ascomycota
M324 Fusarium solani (MT447548) 98 Fusarium Hypocreales Ascomycota
M321 Gibellulopsis nigrescens (KM268699) 97 Verticillium Glomerellales Ascomycota
MO041 Gliomastix roseogrisea (MK336455) 98 Gliomastix Hypocreales Ascomycota
M313 Myrothecium inundatum (MK336519) 97 Myrothecium  Hypocreales Ascomycota
M615 Microascus trigonosporus (LM652444) 94 Microascus Microascales Ascomycota
MO049 Phoma sp. (KY484799) 98 Phoma Pleosporales Ascomycota
M331 Phoma sp. (MT251173) 98 Phoma Pleosporales Ascomycota
M120 Phomopsis sp. (MZ423032) 96 Phoma Pleosporales Ascomycota
M110 Penicillium citrinum (KY921947) 97 Penicillium Eurotiales Ascomycota
MO021 Penicillium sp. (MZ568256) 97 Penicillium Eurotiales Ascomycota
MO55 Penicillium sclerotigenum (MZ227345) 100 Penicillium Eurotiales Ascomycota
M326 Porostereum spadiceum (MN294792) 98 Porostereum Polyporales Basidiomycotina
M044 Talaromyces trachyspermus (OW982804) 98 Talaromyces Eurotiales Ascomycota
MO047 Talaromyces helicus (MH856373) 98 Talaromyces Eurotiales Ascomycota
MO15 Talaromyces oumae-annae (MT530020) 97 Talaromyces Eurotiales Ascomycota
M310 Trichoderma harzianum (KR868283) 97 Trichoderma  Hypocreales Ascomycota
M312 Trichoderma harzianum (MF109019) 96 Trichoderma Hypocreales Ascomycota
MO025 Trichoderma atroviride (MH862501) 99 Trichoderma  Hypocreales Ascomycota
M617 Trichoderma atroviride (OR939722) 97 Trichoderma Hypocreales Ascomycota
M151 Trichoderma atroviride (MK120297) 98 Trichoderma Hypocreales Ascomycota
M552 Trichoderma virens (KP056781) 97 Trichoderma Hypocreales Ascomycota
MO057 Trichoderma sp. (MK870957) 98 Trichoderma  Hypocreales Ascomycota
R2 ANKATRMERES BEKRNMEAENR
Table 2 Species composition of fungi isolated from mangrove sediments
&% T B B il R T PR B i 15 EL B
Genera Number of fungal Proportion | Genera Number of fungal Proportion
strains (%) strains (%)
i Thi7 )& Acremonium 1 3.12 BB )& Myrothecium 1 3.12
7R Aspergillus 5 15.62 #H %8 Penicillium 3 9.37
% £ B+ @ Candida 1 3.12 25 %58 Phoma 3 6.25
#iff1J& Cladosporium 2 6.25 #4514 J& Porostereum 1 3.12
FHH B Cystobasidium 1 3.12 IR 158 Talaromyces 3 9.37
K4 Jm Gliomastix 1 3.12 A% J& Trichoderma 7 21.87
il J® Fusarium 1 3.12 iR Verticillium 1 3.12
/INEETE J& Microascus 1 3.12
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00 | Trichoderma harzianum (MF109019)

M312 (MF109019)
1
M210 (KRRAKIR

M617 (MK 120297)

=
0.01

1 ETITS FHHE 7T HMABNRELER

100 | Trichoderma atroviride (MK120297)
M151 (OR939722)
Trichoderma atroviride (OR939722)

GenBank %58 S 7EZH PO a5 AR L E

AT A (A1 SARERDT 43R 0.01 0% 1% 7 91

Figure 1

Construction of phylogenetic tree based on ITS sequences of seven Trichoderma strains. The

GenBank accession number is indicated in parentheses after the reference sequence, and the reliability value
of the evolutionary tree is indicated at each node. The ruler 0.01 represents 1% sequence divergence.

RSk AF (Trichoderma atroviride), 1 M057 5
K AR EE B I Trichoderma sp. (MK870957)
el —Fh
22 AREHNEYX

FERFIRNY 7 RARZE T, IREREE M025 Fl
M617. A% (Trichodermasp.) M057, Mk K%
M310 Fil M312 ., £ (Trichoderma virens) M552
Xof A R B A 22 1) AR R A AR — 1 1 R
(AMTE ZH>50%) , MHI 250518 57% . 55% . 51% .
53%. 62% . 60% (& 2A). HHr, B AEE M312
FERAREE M552 WML 25 s 0 28 0 25 5 T
Hofls A 85 Ak (P<0.05) (K] 2B).
23 AREEFEHXNAREFBAENFD
231 EENAKEFHEENFMN

TE 25 CCHy RS M3 12 Pt K, &
FHALTF 25 CEIARIFr=fl; MsARE MS5S52

Bl T, e R KB, F 31 °Cy
Tt (B 3),
232 pH XM AB~RENFIN

MR AR B M312 FISR AR % M552 111 pH
5.0-7.0 BFAT A A7, fefdEr=f pH {HM 7.0, 4
pH 8.0 B, fFHd 2RI FFE(E 4),
233 HENAESHENFMN

wmE s iR, BEEEREE R, WHIRRE
M312 ML AREE M552 197 = e JIFRAIC, 7
=R
3 Wik

SRR A 2w, A
PR 58 A & R KSR 5203 . A 20 28 g

LIRS MRDTR D) BR R B BIE T A Uk, 12 X Sl
AP Z PR Z SR fldn, 2
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c v

JH

M025 MO057 MlSi M310 M312 MS552 M617

2 HAKREEKRNEERSHNERBANRQ)MINEERB)  Al: FITEXE; A2-A8: A[FEIAE
X AHE SR A HUBCR . B ARIREX R R M E R . A R/NG F RN & 4 0] 22 57 8.3

Figure 2 The plate antagonistic effect (A) and antibacterial rate (B) of Trichoderma strains against
Phytophthora parasitica. Al: Negative control; A2—A8: Antagonistic effects of different Trichoderma strains

against Phytophthora parasitica. B: Antibacterial rate of Trichoderma strains against Phytophthora
parasitica. Different lowercase letters indicate significant differences between different groups.

RS B i £ LR AR o g A 3 o s ik ftl e (Fusarium, 13 #F) . H )&
T8 KR, Z4d ITS P81, %t 45 1k, (13 ¥k)F1Hh 25 )& (Aspergillus, 10 #%), K758
Gy 18 J8 38 A, HihHIE A FEE 4 Pk ARIEENE ] LSRR
(Penicillium, 7 #R)FIARZEIE (5 k). FIEEE DY Shloe i 75 MR, HARRJE W AREIE (T )
I AR ZE U I 2R ) AU AR b 3 s R R R (5 ). KE MBI B, ZRARTTR
135 164 PRITI, %M 106 ¥k, 40 43 )8, Py A AR T 1 S5 R R A EL B A B A S
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Figure 3 The effect of different fermentation temperatures on the spore production of Trichoderma strains.
A: The spore production of Trichoderma strain M312 under different fermentation temperatures. B: The
spore production of Trichoderma strain M552 under different fermentation temperatures.
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Figure 4 The effect of different pH on the spore production of Trichoderma strains. A: The spore
production of Trichoderma strain M312 under different pH values. B: The spore production of Trichoderma

strain M552 under different pH values.
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Figure 5 The effect of different NaCl concentrations on the spore production of Trichoderma strains. A:
The spore production of Trichoderma strain M312 under different salinities. B: The spore production of

Trichoderma strain M552 under different salinities.
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AW L, MR ARE BWT1.221 F1
LK% HZ-L9 77 i e B2 430 25 °CHil
30 °Co A FE G AR EE M312 54K % M552
() i P R IR BE 430 Ry 25 °CFi 31 °C, 5 |F
W E T T 45 AT . BRI Bk A R A
FARBMTF W4, 24 pH (EHFFILE 5.0-7.0 ]
A DR AR B e A O SERR DL B
K% ACCC 30371 fizidi =46l pH {EL /2 5.79; da 3C
AR R SRR M21 FI s 18 pH
1 5.0-7.00 AWFTE PR BRI EE R, wh K
AREE M312 FI&: AR EE M552 p= e i pH EH 14
M T7.00 BEAN, R R M ACH P A )
PIZE . B G S DB ) — A VI 43 5
f) 6 MR A EEAE Z I 0 5% 100 mmol/L NaCl f PDA
BRI Bl AR KR, TAE 2 500 mmol/L
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NaCl Ry 5538 Fref i B 2 TG . RS R Rk
JERTE, AWML, RERIAEEE T X
AREE M312 FIZEAREE M552 K=l

4 Zi

A G N FL GV LU AR UTRR ) Hh 43 2 %
HH R R g LA BT RS PRI B K
M312 R K% M552, FEO4b T H R s =
M, B R R R R B AE I B R R
B 36 HF A R R AL T BRIS AR H ,  XkI VU
T I T 2 sk . IR B R A A 2
HABFEESZME, SR, BRI M312 Fil M552
PRIk R BRI P FR AT SR AN i, SR k] i
o F A A R U B R T B R R AR
FEAE R B AT PR b AT 2 8 Ak IR U
W JE BRI 7 M AR N FH B8 S
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