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HEBESEMRARENSHF/RERENEHRR
FRAL, BEA, F OB, ' ®, B OH, BLE, BREW, /R
(HIVTARMRR 2 IRBE 5 0 IR A B WV LA AR 28 R GERRAE BR -5 [R5 HE 580 %, #ivT Bl 311300)

WE: (B8] RKE 8 E2HLERFN 2HRAETHBRILKE Trichoderma asperellum QZ2 5 38 # & Penicillium oxalicum
QZS8 *FF 4% % R KH Ralstonia solanacearum( AR FRAE) 9 AR R, [ F&k ] AFRHEEARFE, B FHRFH
B AKRWEENT 2 RAGRALLLBER FAHAERGIHIER; B2 ATHERFENT A ALEL
BEharFAEA R AR, (B8R ] PR RRBLIN, BERE Q22 XM FE QZS X HA R A L Feyirh1F
A (P<<0.05), F74)F 5 51k 80.9% F» 45.9%; MIAAE QL2 EX B A E Q8 AH B S B R AL BT FHREFFA
B, RAHZEEpsER (P<0.05), #7HFE 5334 33.3% A= 34.8%, LW IEBAIZMA RS BRE 2 A H A BRY
FRERIZEREREYN . 3 D600) 235 TR FHm AT # A B R 5T D(600)(P<0.05), H#kiaF % QZ8 47 R4
FTERAEQZ, tBBEFALREIT: 2HAG AR RO LB P AR AN EAR TR TR TARMAGH W
3B (P<0.05)., [#£#] IR E QR YR ETE QS FRH B H L E W IH 2R, TH A% Lycopersicon
esculentum HFARFRIHEAGH, BS £2 432
KR MIAARE; EREFE; ARHTRRE; A8R; WHMLR
FENHES: 5432 NHRFRER: A NERS: 2095-0756(2022)04-0852-08

Biocontrol effect of Penicillium oxalicum and Trichoderma asperellum on
Ralstonia solanacearum

FANG Qihang, YAN Guzhe, FANG Wei, GAO Jing, ZHAO Kai, JIANG Rengiang, ZHAO Mengli, XU Qiufang

( Zhejiang Provincial Key Laboratory of Carbon Cycling in Forest Ecosystems and Carbon Sequestration, College of

Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study aims to investigate the effect of two biocontrol strains Trichoderma
asperellum QZ2 and Penicillium oxalicum QZ8 on Ralstonia solanacearum (bacterial blight for short) With the
help of T. asperellum QZ2 and P. oxalicum QZS8 screened by our laboratory, the effect of two biocontrol strains
on R. solanacearum was investigated. Hereinafter referred to as the biocontrol effect of bacterial blight.
[Method] Using bacterial blight as the target, The the inhibition effect of biocontrol bacteria and their
fermentation broth on the growth of bacterial bacterial blight was determined by plate culture method and
growth curve method. Soil culture test and dilution coating method were used to determine the inhibitory effect
of biocontrol bacteria on bacterial blight in soil. [Result] In plate confrontation culture experiment, test showed
that QZ2 and QZ8 had significant inhibitory effects on bacterial blight (P<<0.05), with inhibition rates of 80.9%
and 45.9%, respectively. The plate culture with high temperature sterilized fermentation broth of QZ2 and QZS8

two biocontrol strains also showed significant inhibition effect on bacterial blight in plate culture (P<<0.05), and
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the inhibition rates of QZ2 and QZ8 on bacterial blight reached were 33.3% and 34.8%, respectively. The
fermentation broth on the growth of bacterial blight results showed that the D(600) value of the treatment was
significantly lower than that of the control (P<<0.05), and the inhibition effect of QZ2 was better than that of
QZ38. Soil culture test results showed that the number of viable bacteria of R solanacearum in soil treated by
with two biocontrol strains was significantly lower than that of ck (P<<0.05). [Conclusion] The biocontrol
strains of QZ2 and QZS8, which were extracted independently, had have significant inhibitory effects on
bacterial blight wilt, and could can be positioned identified as potential biocontrol bacteria of tomato bacterial
wilt. [Ch, 5 fig. 2 tab. 32 ref.]

Key words: Trichoderma asperellum; Penicillium oxalicum; Ralstonia solanacearum; fermentation broth;

antibacterial effect

& i Lycopersicon esculentum 5 Ak 42 HH IR T8 & A 5% /R EQ T Ralstonia solanacearum (15 75 7 R 1)
SIERERE, ZE AN R AR YRR B A 2 RYYE SRR R g%, ™
HE FEEYAGZEIC T PRAE, B A I B AR £ BF B R A 30 J3 00 hm ™, I AR, FrEE .
. . =/ L SEA R F R AR A E R X P, BT, X T E T AR R B R A . BT
S AR E , 40 BHN466 Al FL7514% ), (H H IR 285 Lo b 5 R S0/h, B Homs an b B R
3T, BRI PURRE ST, BT RANECR, Bl E R R AT EOR LA 2
2%\ AR I, Zy A SR IR R A U PR R TS T R AT B — I R B VR T VA e
S84 AT RCHAM i 7 i 7 AR

AT, OCT I A b7 B 3E 47 A= 4 B v F 53 4R v 78 DUAR B A A= T8 4R 8 45 B G026 9 97 36 o D58 78 4=
Yol T ZEFRAT I Bacillus . 5 %5 W Penicillium . RBEW Trichoderma %575 AR kA Bl v N FH FAE 4
W EBHAM R T . SR KT R AR DE R ZERAT IS B. amyloliquefaciens Am1 FlAl B ZEHIFF 1R B.
subtilis PTS-394 Xt 25 i1 5 i 410 1l 232433 ik 88.98%!" 1 80.00%"7 . AR i 2@ it e F1EH . 5218
Fhotk . EAFEEM . BUATEHSEOLEI G B dnie R iR K8, HA iR e T asperellum 52 H
A i 2 R R Z — o SPARGTIR RS A I BRA R ES By o 25 (A6 A B e sa A Aol =1
Panax notoginseng JK #5355 1 Botrytis cinerea, AR & ik 90%!"; I AT GDFS1009 X % FF i £
Joa O 0 1 2638 609% T 5 TR N AT 9 9a D B 1) 100 A ORI Y L R B /D, KOMAL 45U )75 85 14 P
simplicissimum TFM53375 H1 4345 Penicillide(1-4) 25L& 9 M A AE 9y . W04 16 ME 48 (45 BB P EL NG
PEAER s BIGESE BIIREM T E P. lilacinus 77 MDA K A PRGHR R FE | LY EKE
M IREWT HRETER A Musa nana BRBRFRUE E 5, WMEEMEZRARBOBGERR . HRETE P
oxalicum 3B F FETE g . HAF AT 2T MDA T Fusarium oxysporum K KT, XL
Malus pumila JEAE 38 i UL 4 FPoA F Sk A 0 4E I

KRB ME GRS A B, BAE R AT 0926 B o B e WL AR T8 . AR5 R I 2 AR5 1
AR QZ2 MR 7 QZ8 %5 2 MRA: W BRI M B B 1A 354

1 MoK E 7%

1.1 HiXEKRGERE

111 X E# HHi97/KIEHE QL-RS 1115, GenBank: GU390462 (AR H) H1 R st 4l KAFHE I 5
IBE2 B it DA ™ H 5 A (1 B AR PR 435, Sl BB (Koch” spostulates)™™ TE S H A7 3
BURTE . BRIAREE QZ2 FIRIIRTE B QZ8 HIHTTLAAMR I A Wi VLA BRARA: 25 R GEORAG ER -5 11 Bk D A1F 8 i 5
50 % AT PR A A R S 0 X - S b B 3R AT &k ITS FR ol se el iy . & I ZAEYE Bl
(NCBI) %l LEXT 42, R PRAF15-80 C PRAF.

112 #AA ff. ODREWEMLEFIL (PDA); QNA HFRHL. #WEH 10g, EAMS g, WL
05g, LB 3g, 1 LZEMK; GONBH;FEM . NBRFEILRS M 20 g Bils; @SMSA #5353, 1L
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NA FFREEP A BT 3% 2853 3 mL, JUmiRE 3% MR 3 mL, Bz 1% &#& %R 450 uL,
FTRWREE N 1% T 85 % 450 L, JFUit ik BE R 1% 45 /% 450 uL, BTN 1% TTC 4.5 mL, JBuitikE
M 1% AR K 225 mL, FEPERATINAZ] =AY, OF SR RInPia (Ra) ik,
OARBFERBFRFE: BHAEMPL BRA)FHREPMAAETEER 025 g, TEEKEN 1%9HER
9mL, FHEIPFHRETINAR =M,

1.2 Ak

1.2.1  FARFRE S HICHEER ik, AR T AR RS, DAASEE R A B o ) R
AN PRVEE 3AEE . KRR R QZ2 TR IR T PDA AR FREL T, (28+1) C MRS
FEad )5, IR LPRBUIMIARE QZ2 FIE RIS, AT 100 mL 1) PDA WiAIE =AY, 28 C,
170 r-min™' 2 E SR 14 h, MBUHMAATR QZ2 SHEME AT, HL 100 pL 71T PDA [ (K557
B, (28+1) C BEGRFE 4d, FFERKE, R 9 mm BFTFLA ARG MG B A0 RO, BeRh T A
g, FIRFET A B R R QZ2 WYFHEERN G AL R 2247 MIEE 40 mm (78 . DL AE o S 30 75 44l 0 1
WAEJxt IR, AL E 3 AT, AR E T (28+1) C B PSS, 0T H:FR 4, 6. 8, 10d
N 2 R R R 7 LA . THIRIRE Dy i AT REIR T % QZ8 P U PR IRF U o 7 Al T AE D T 38 =Chf R
PRI 74 ELAR A B G TV 540 IR TR 7 ELAR X 100% .

122 ABHRE LR R R AR ZOR EBTER BRI &S BRSS9k, BNl
FIBCE S IR 1.2.1, KT AR E00 3% MR R RN 2 500 mL (1) PDA WA 7360, 28 |
170 r-min' B 3E5% 48 h, 1H2IPHAT: QZ2 FIE R 5 QZ8 M AMAK . Lh 6 000 r*min™' &0 5 min &
FEW e, WE B, 23005 PDA MURRE SR P R 101 BRI AR A, IR AR E N 20% 1Y
Bk, 115 °C fmH K 30 min, 1A PDA 5 AT QZ2 AWM IR &3R5 . HER 9 mm 1T
FLESIRBCT M A B DF, HeFh 2 MRS QZ2 ME T % QZ8 MR G E LM h e, HICR KR & B2
WY PDA B5 I VARAE T IR, BRI 3 AR . TR 4. 6. 8. 10 d B2 75 At 1R 7R VK
B EAE, MERITAEALRE 1.2.1,

1.2.3  AB5 il &R BRI R A KAk BOR 6 RIS AR A B R BRI R S — SR T T o T R
SO, I R B A R — 2D AR A B B I R AL . RS S IR AR Ok, i
KB QZ2 MR T % QZ8 MWK K BE I &2 8 1.2.1, K5 S SO eI %, 439 B 100 mL k4
KB QZ2 M5 QZ8 W KW, 5 NA MRS SR I I 1 L R FL IR A 3957, R & A i A%
QZ2 S HRTTH QZ8 KR NA AR SR . B AR RAN U & . ISR S PRI A TR B TRV, 42
FhZESA 20 mL A NA AR = A, 28 °C. 170 r-min™' KSR 120, SRR TR, B 6mL
PR 2R DT R NA TR G553 d, 28 €. 170 r-min ' #EPRR; 9% 60 ho JH KK PDA U & BEH
5 NA WS R A AE X R, G0 3AEE . MR 6 h BURE, I 4% 55 % i 8] & & 1)
D(600), FEIT 10 W lit D600) LB FIPREE i i Al T8 1) & 2, T2l T A TR 1 A R 28

124 ABHSEBAHZRG 232X KT HEPHMAEYERSZH, AR E 50 8R4
B TR O AE B AR o T A TR PR R A5 S IRAE DU (1 vk, AR PR dl s 2 ] 1.2.1, T2 mL &
MR T 200 mL NB W57 3E, 28 °C, 170 r-min' $2PK3E 5% 36 h HIVETS AN B MO TR, Bl 44 75 4
PR 5% T 50 mL TR .08 ™, 6000 r-min' &0 Smin, K LIEWR, INEHEAK, EE 2K, &5
TCRK R PR i, B AR BE T D(600), LS ik 10" CFU-L™. 2 BRAE B T il 4 7
ESEICHE [26], B0 2 R A B R ERD T PDA BRRE R, 1F 28+1) C. BIEA TR R
TR, B S mL K ES AR L, FRAAERE TR TR K T, H 4200
IR AT R, &R RE 10 CFU-L™,

KAETLH MG Y AR L, 1 pH 6.0~7.0, BEEFHHEHBR AR (QZ2), HA W+ EH
(QZR). HHE+ICHZK (X H)3 Nab3, FAH oANERE, HIHHEEH 100 g +. QZ2 F1 QZ8 kb3 53j
VTR TR TR S PR R QZ2 MR T 8% QZ8 Ml TR ARILL 1: 1 IREF AL, %100 g+ 13 mL
REW, BT Q8+1) C WM FEMRGFE. 20AE 3. 7. 14, 20, 28d, F SMSA iz, RAM R
VRAT AR B A P A R VE S RSN, A R TR B T B B
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], PIUEMARFE 7 d FRUG FH S NP 2r (FRAT) B R M AR e S 3R 2L, RN BEIR A ART, RA
fIRTE QZ2 MHE R 7 QZ8 KA .
1.3 HiEsbiE

FH Excel 2010 Ziit4idl , 453U EAbRE2E R s H SPSS 22.0 Ab3 TAEF- G #7725 53
Mr, WEMEKFEEC0.05; A Origin Pro 2019b 2 4] .
2 ZEREp
2.1 AERENEHEIDHEIZER

SRR AT IREZE S (B 1 RN 1) KB BT QZ2 X AN A 2 0 AR (P<<0.05), BAIAR
QZ2 (TR 224K B I AR A s A RO B, S R EE P A TR A0 AR K B B 2 BB AR QZz2
il xRS IR 4 d BT R QZ2 B ZLAR T T AN FR I, AUl T AN TR, HIEN 45.5%, Z 5T
BFIEY K, XTRRE A NRRLL AR, 10 d X IR R AT RS, AR 2 QZ2 X 75 4k A1 A 41 il
Rk 80.9%, HIRTE R QZ8 X E MiF LA WAE I HISCR, X% FR 4 d IR R QZ8 X #i i 11l i %
H30.5%, ZIRHIRER QZ8 4L K, 10 d W HIRE R QZ8 51 M i vk ELAR A YK, L &
T8 QZ8 XA A A= KM il ik 5 45.9%
22 AR RE LRSS E IR

P L 2 R 2 AT O s 2 A B T oS ) K TRT & T AR X 0T 8 A T 7 A 8 2 A A TR, (P<<0.05). AL
KB QZ2 TKBA Sz T WM HH 118 75 A TR PRV A 1 B T ol L o RS 3 AN A B T A TR R VR S 7ERE 3% 10 d
BHEE YK, BRA 10 d AR A5 SR A STt () o 2 Bk AR 9 B A TRV 19 00 61 23R B 2 355 3 IF i) F0 386 i 33
T, 4 d BB AR B QZ2 K I WO T Al I AN 9.6%, 10 d B di KPPl 3k 33.3%. HIRTE
QZ8 K BERORT T A M HIVE A 5 AR QZ2 AHML, 10 d AR KA 2 h 34.8%, il Zam & T A

7 QZ2 KWW, ZESARE.

QZ2.... [

EREES o e s A2 AU RAXARBERFHIERER

Figure 2 Inhibitory effect of supernatant of sterilized fermentation

Figure 1 Result of plate confrontation experiment
broth incubated for 10 days

2.3 EREEEEBRSHEOMEISR

P PED 3 W0 : 2 A= B P L AP T 1 i IR R 0% 7 TR AT S R BCR: (P<<0.05). X HEEESR 6~18 h
BFE AR R AR A, 18~24 h itk , HAE KA 5K MwtH Rl (HflARE QZ2 43
16 30 1 36 h B A4 D(600) TR, TiHHR T %5 QZ8 ALFEINITE 24 h FHALH D(600) 35 FIE(EH 5 R 2518 T
M, AR EIEAET Y., 2S00 RE . 24 h LU, 2 ¥k 5766 T & B AL B A 35 R
D(600) ¥4 FALT X5 i (P<<0.05), HrpHiRE % QZ8 ALHLHY D(600) Ik Tl A%E QZ2; 60 h I, =3
Z Il D(600) 2 573 i 3% (P<<0.05).
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F1 FHRMEPRAARAE QRLMERSTSE K2 MAAE QL2 MEMREE QZ8 RE KB

QZ8 Xt EFE I FI & Bt B E A EF R
Table 1 Inhibition rate of T. asperellum QZ2 and P. oxalicum QZ8 Table 2 Inhibition effect of sterilized fermentation supernatant of
against R. solanacearum in plate confrontation biocontrol broth on the growth of R. solanacearum
N payiist QZ2 QZ8 . QZ2 QZ38
Hrigrnd S — — S PR — —
g EEEE B EEE A0 fem  EEHWE EVEE MW
42
t2/em Helem %% Felem /% Helem /% Felem /%
4 4.15£0.07a 2.10£0.04b 45.5 2.88+0.83b 30.5 4 4.15+0.07a 3.840.10b 9.6 340+0.02b 18.1
5.50+0.00a 2.30+0.00b 80.8 3.35+£1.00b 39.1 6 5.50+0.00a 4.6+0.60b 164  4.50+0.00b 29.1
8 6.70£0.00a 2.50£0.11b 79.7 3.62£1.15b 46.0 8 6.70+0.00a 4.6+0.60b 313  4.50£0.01b 32.8
10 6.90+0.14a 2.50£0.04b 80.9 3.73£1.26b 45.9 10 6.90+0.14a 4.6+0.60b 333  4.50£0.01b 348
B BTV ME 2, RATEdE R/ NE FRFROR Uil BRI, FATEdE R/ NG FREFOR A
A [ 4k BRI 22 7 B35 (P<<0.05) [ b R ] 22 57 {35 (P << 0.05)

2.4 AEREETERHIIERR

241 FRAARIZEFRHAOKZT LA B4RV BAKRE QZ2 5HRE R QZ8 7 LIy pesHl
e 00T AN PR Y AR A, LAE 4 TN B TR A T RS TR SR /N TN R s RSO R AP R R 7 d,
QZ2 5 QZ8 Ab B A+ HE v 75 M W B 3 B E LT IR (P<<0.05), 5 R T 51.3% 1 64.7%; 28d, QZ2
55 Qz8 Ab FRTE AL BB H X IR 2 R R T 38.9% F1 34.1%(P<<0.05); [ 20 d 41, QZ8 Kb i 75 4 H %L
HBEMT X (P<0.05); Fil (7. 14 d) B9MHIRCRE QZ8 47T QZ2, Ti/mi (20, 28 d) WIAHR .

—a— XTR —e— QZ2 —a— QZ8 e 0 QZ2 W QZ8
2.5
120
2.0 o0 100
E 80
é\ 1.5 S)
g = 60
T 10 <
IE 40
0.5 ﬁ
-~ 20
izl
O L L L L L L L L 1 0
6 12 18 24 30 36 42 48 54 60 7 14 20 28
t/h id
B3 ABRERABRTEFHARE TG0 AN 7 BER I A — I YA R AR B ) 22 57 B2 2 (P<<0.05)
Figure 3 Effect of efermination broth on number of soil R. @ 4 Tﬂﬁtiﬂii%;?,‘éﬁjii%m"fﬁ
N |2 Fl 5 =

solanacearum . L .
Figure 4 Number of R. solanacearum in soil under different treatments

242 IEFHIKRE QL2 FEBMEE QZS AT A K 5KW . MAAE Qz2 it EAFE 7 d i
AEFARDE, 14 d KU, BEEBHTTTFGE TR, SRR QZ8 BUEEALH 14 d Ff ik BIE(E, HM B LT
BEATRE QZ2, HZFARI T, 20d SRS QZ2 Mir, 28 d if i/ T AR QZ2.

3 WikEE®

AREERATETOIL RIS TR e . EHA . WA T Y . B S18 THEYHTIESR,
A PR IR AR A B BRI QZ2 AR K EW R T A, 8 d A F A EALE, 10 d bt
A AFZS AV SR 25 18], X7 R B A6 R 55 80.9% . wamit %P8 WFY & B A6 AR B R Bk GX004 X
IRALGR T AR L B F 0K 85.2% 5 SRR AER S BUBRA A S A 11 di ) JC BB WRORH A RS AR AEL
W Collectotrichum gloeosporioides HIN |1k 85.3%. W] WA TSR R i PARXTIR S 72 f
R A QZ8 WA K HE 5 MBS A — 2, WA A BB WA, T DLHEI RIS 5 QZ8 REy
SRR IRIA Y T AR K 5% 10 d IR QZS AP AFHE TG 45.9%, IVHIACR
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BF . BTN RS R BT AR AL XL HR o 9 Qz2 M Q78
TITEMRIZ Ny 47.1%, HERRT T Al 5990518 ~ a 7
WIS AL S G . R R P 0 )

B DR 5 5l b
KBRS RFEY . 2 R R R 2 N
RITCH o Uk R BRI XT A A BB mEEr, & 207 b

R KT R RERCE AR R B A Qz2 im0 | 7
5 QZ8 IR 3L F1ISE 10 d BHR AT 24 &
5 33.3% 1 34.8%. T4 o U e WV K 0 9 T e

H, FRT AR QZ8 X T Al T A TR ROCR 1 2 4 T i/d
AR QZ2, AIAMIFR L. KEMEEBHRE~ 4 AN[F) BRI [F] — A 3AN [ ) A 2 0] 22 7 R 35 (P<<0.05)
FEORE Y, RhREAMREEROARIR. Bs5 rgdmaid Qe #YmEE Q8 8
And . WS RIFNTEG . AF4EREEALT S HEEAM
% Ei—[n—sz]o ﬁ%@?k%? sz 15 g A%s% ng BE 7/{@? Figure 5 Quanfitatifze changes of T asperellum QZ2 and P. oxalicum
WO TR B IR CR 22 MR K, B A7 et sl
BB, R K & BERGT 5 QZS Wk /E I i TR QZ2, MR % QZ8 KMeih i
BRI = R T A AR e . BRSSP R
TR EE QZ2 MR % QZ8 76 R I PR 3, 7EAbPE 28 d B A TR A0 W 2 T RE, X
HE e rh B A RO IR T 2 MRAE BT AR FEAY b A R AU . RRTE R QZS MEALFE 7. 14 d R
MEIROR L TR AR R Qz2, JFMIMIARR ,, X5+ Fik & % QZ8 MM A% QZ2 Fum sh A48k
A —2, ULARIR T QZ8 AT QZ2 RE Pt /e R h i & . @l , I RIEANITEM.
ARTIRGE 4 2 AL B B X T A B A B A R S IMLE B IR RS () 3E 4 . or e TE PR
PR, AR QZ2 LIRS e A /E I 3, i RERR T A QZ8 W AR = i i 4 A
Fo PEBEBIAT T WOR S LEEB B, E AT IE LR e R PN I L i — Y
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