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BRESENMER YR-THSPBELEELEREYIK
fEH RE% Ei%)f\z ’%rﬁél D X EFE
(NEEE AN R b WEEE FFRNERE  010018)

>

B E (8] AEFMANRELE T 5B IFARRBRETORME, LTHFAH®R, 20
H KB bR R BT DA IR A R eI RI OR, A E MR o B S B A G A R A
ARG AL LR Aek, [FE] RARESFESBREMK, TPtk ipigsd H4E
WG R AR A5 A R 69 kb dm i, BT ASAFAE. A TR A AUAFAEVA R 16S rRNA A B 7 5 ATt 8
MRBATE R, RASFREEN T AMRAE KRG L, @i-Fmkn 2 HHRRRE A KN L B EF RS
TR B L KA o R R L IR AL, B i BAAE B KT B OR AR YE A B LR
%&ﬁﬁﬁaﬁ% SF Rk, WA AR DA EE R RER. [4R] Mg P L
GBI THAEME, AF AMBRBREE, BRBCRRZEGH YR-7T AH, B L694 K04
£ 5 96%, ZRAMKEL A Myxococcus xanthus. 3237 d /&, BAMREBE L F BRI RIEFE 637
BIEMMTRE., RERME EFRZ 30-50 °C /EE, TR ABRATHLGAEKIFH FTE
50.90%, & T 50 °C BF47H & HiREr T, 90 °C 435 B 4094 Kiph| RART A 25.45%. KR4
KB EARAE pH 4.0-9.0 4 T HAAE T, RIF 4021%04 EH a9 4 Kiph|F, 4 pH<4.0 X
pH>9.0 B, MEFH R EBEAK. FHMWR TR EOBESER, LRATHEIZEINE. aRK
B4R, st LAE B IR B A A B RRAM A, YR-7 69K & B bR a 34t B ARzt
FRBEEAULA 0.35%, STRBLAGARAT SR BEEm AR 53K 68.19%. (458 ] ¥eaif Atk YR-7 sTVA 54
?/u LA 0I5 R A G R AR Z 4, WA E BT A BRI AL, T AR R H KRR FR
FLhZet i, BA LRI 0 IE R A MR 0 B AL
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Isolation and identification of the strain YR-7 against Phytophthora
infestans and study on its antibiotic substances

REN Xing-Bo WU Zhi-Hua CUI Hai-Chen GAO Xiang-Hong FENG Fu-Ying
LIU Hui-Rong"

(College of Life Sciences, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010018, China)

Abstract: [Objective] The purpose of this study is to isolate and identify antagonistic myxobacteria
against Phytophthora infestans from soil samples collected from a farmland near the Yellow River and
analyze the stability of the fermentation supernatant of the antagonistic strain and the inhibition effect
on the pathogen of potato late blight preliminarily. These findings may lay a foundation for the
isolation and identification of the antibiotic substances and the development of new biological
pesticides resistant to potato late blight. [Methods] The strain was isolated by the rabbit dung baiting
method. The antagonistic strains were screened by plate confrontation assay and identified by its
morphological, physiological, and biochemical characteristics, and its 16S rRNA gene sequence. The
growth curve of strain YR-7 was tested by a weighing method. Inhibitory rate of the fermented
supernatant at different stages on the mycelial growth of P. infestans and stability of the fermented
supernatant was tested by a plating method. Effect of the fermented supernatant of strain YR-7 on
disease prevention for detached potato leaves was evaluated by spraying concentrated fermentation
supernatant on the detached potato leaves. [Results] Seven strains of myxobacteria were isolated and
four of them presented antagonistic activity against P. infestans. The strain YR-7 with the strongest
antagonistic activity showed an inhibition rate of 96% to P. infestans and was identified as Myxococcus
xanthus. After the strain YR-7 was cultured for 7 days, inhibitory effect of its fermented supernatant on
the mycelial growth of P. infestans tended to be stable. Its activity could be maintained from 30 °C to
50 °C (inhibition rate of 50.90%) and decreased when the temperature exceeded 50 °C. Its activity still
remained an inhibition rate of 25.45% after treated at 90 °C for 1 h. The concentrated fermentation
supernatant was stable from pH 4.0 to 9.0 and its inhibition rate was more than 40.21%. Its activity
significantly decreased when the pH value was less than 4.0 or greater than 9.0. The active substances
could not be degraded by protease and their activity was not affected by UV and natural light exposure.
The relative lesion area of potato leaves declined from 68.19% to 0.35% when the concentrated
fermentation supernatant was sprayed on the leaves before the spore suspension of P. infestans was
inoculated. [Conclusion] The strain YR-7 can produce secondary metabolites against the pathogen of
potato late blight. The antibiotic substances have good stability and could effectively inhibit P.
infestans from infecting potato leaves, which have the potential value for developing biological
pesticides resistant to potato late blight.

Keywords: Phytophthora infestans, Antagonistic strain, Isolation and identification, Myxococcus
xanthus, Antibiotic substance
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LS TG IENT XFRIENT , S foe ™ 1) 8 BN
¥ —, HR IR EURIEEE (Phytophthora infestans)™"!
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KAEMBAT, — BAE Oy Al & S 8 B
10%-20% , FATAEBIT 50%-70%", JiH 2012 4E,
WEPEIL . RICSBE = XK, Fl T 5585
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F, M ARG AMUBIA IR GE, I HRE R 2K
R, SRR R . B &
e TG I 7 S T G s 1 24 ) T e AR
JEBE.

A 2 TRl (Mlyxobacteria) A2 1R 4 [ K 8K 24 1) i &
TR, C— IS BA WD AT A v T
A B RGN Y AR A B B K
50%—100% [ K 40 B8 AT 45 1A i e ) AE R
BAEYY, O RIAEYIEIEY B ECRE, AR
AHEE I R N ZF AT IR 25, T H ™ SRS P
PHPERE R Tk B TR R G R =
ZERET . FhRZ | AW R . EHKF R IR
Z | VEFINUT Z RS54 0, A OGRS A TR B9 A
Higszalma®, Har, WHAE e &KL
600 ZFPAEYTEEYI BT, 29 5 AR YRR B AL 5%,
HAHanmE®, Pretet ., vors! . voml s
PEo PRI 2R S HOR, 20 B S LA G =
O AE R, TR AN R 1L DB e A= P B
J7 TR Y T

AT FE R B N 5T S R LA B 3 1
o K b SRR S b 40 B B — AR AT D v s ] S
RPN W R AR (58 YR-7), il B ASHE
A BRAARRFAE B 16S tRNA K P81 447 512 B ik
AT RS, TEXT T S48 S 5 TR e M)
FHE AT THILASE, TSP 53 B 5 Kbt 48
B GEIR A A 2 I R S AR
U R
11w
L1l #FmReE: BEFERmRETHSY ARIXE
EE IR B SRR LU AT BT ) Kb, R A
FARJE RN AR, TR RO
112 EEMNERETE: &WOMaRE
(Staphylococcus aureus) . i ¥ 25 96 ¥F 18 (Bacillus
subtilis) . BB (Saccharomyces cerevisiae) . K
AT B (Escherichia coli) ARSI 2 ARAT o BURIETS
(Phytophthora infestans)H P 5% iy £ b K2R 22 B

SRR B . AT
1.1.3  EFRE: KBURRFEIL(WCX)S Ok 13],
EBS }iFidk. HiARIRAW AB-1. PUERIERAW
AB-2 ¥Z HRSCHR[14], 2B RENES R LS BOCHR 4],
U0 R T U0 T 35 P R AR B AR AR R AR B R R S
% WAE RGeS T 1

VY2 WARK: 5 (glL) : ZHWELE 5.0,
CaCl,2H,0 1.0, pH 7.2, 1x10° Pa K& 20 min J5 /i1
A VB, ZO9RFEN 0.5 mg/L, VY/2 [ERE: A A
hnzE 15.0 g/Lo
1.2 EHBNES. 98, gk
1.2.1 FEMATALIER: FREL 20 g W B HIERER A
TCHEREFRIL, JInALEHE R 100 mg/L 2R B i ) G
WK, RUREAL 12 h,
122 HEETREBESD: EREAET, &
(U s = o e iy SR 1 o G A st £ = T
WA 3 WCH ek, 30 °C fHIRKEFR, 48 h JFi6
U 2SRy T A RO K N
123 HMEMSE. gt e,
PR PR IR T TR, REFGETHEEVY2
BB IR [, 30 °ClEIRIGF:, HELIM, vt
Faife™ . TSk, A0.9 mLEYEBSE; ##
FA0.1 mLpiERIREGWAB-1, 30 °C, 150 r/min
PF %, 12 WE AR E N E 4l , 6 000 r/min.Ly
10 min, & 3%, FOUEFHICR/K shy3im , WA T
VY 2[R SR, 30 cCHEIRIESR . A4l
FHbiAERIRATRAB-2, HEE.
1.3 HEmBURRSHEE R TFIE

RIS 373 0 20 A R SO
BIFEPER- . HFTILER A BIFTIERAN 1 em 4
T AL AN B B DO R W UE, TG 4%
SO R DHEFP BRI AR R 9 om (5 e A TR
WEREFRFOE IR e, 6 YR-7 TR B RO
FWDF 2.5 em &b, BFTCER VY/2 BHARE SN
2 XTI, F 20 °C fEIRERE SR 7 d J5 38 X
A P A28 (o) T PR A BB 9 4% (mm)
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HE 3K, IR RASPR,

PRVE IS K EAR=RTE AR AR

BRI 22 1 A I PR =[ (2 A BB VR 1 K AR
MHEEBRKERYS AN EEEYEKH
#£1x100%.
1.4 HHKETE
141 FEBEE: S (IARHEEETFM) 5%
PRl BRI RS VY2 AR FREL, 30 °C fHIR
B3, et BB AR R A A, A
B AR TSR ZE M, 1 FH 3% S LB X 8 7 20 i
R T IE ST TIER
142 FEENEHENE: BRI AARGREEETF
i) Uiz a2, 2% (O AN R G0 oA ) 1)
SIS T G I B R A A A AR, S AR KR
BE LM TR MM . Bkl . ARG
WISRLTWG R | IR . T4 . TRE KR . TE
KA . Tween 80 FIFH . BHICIAL . BFRELIA JF 4%
vioRile
143 HFYE: @t CTAB HLIEHEF DNA,
ffFHANEE A5 4 27F 5 1495R #E47 PCR 4 i H
Bk 16S rRNA LR, [miicatifb s i B i Beak
HONBHEIIEH A AN, P45 R F GenBank 44
PEEH AT BLAST FHRIMPELLXT, R
HIAH SRR, {3 ClustalX 2 #EATZ 750 X,
HI MEGA 4.0 8% H4R8 4212 (Neighbor-Joining) 14
BRAGKEW .
1.5 E#HREImEIERN

YRR YR-T7 $64 VY2 ARSI, 30°C 18
BIEFE 7 d, FEHRKETFIESH. REHEEa
FIFBREE . MFZERFT I . KA . BRI R
SRR A Rad R, AHTLAR TG AR
1 em B YR-7 BEUE, FHICE A28 8F 201 A ki
FEFRELIL A, F 30 °C fHIRRESE 12 h J5 il E )
P EAE
1.6 B YR-7 EARRE KA AE EFRMINE
IR S
1.6.1 E#k YR-7 UK % FHGILar i m ke,

$5) 100 mL /9 VY/2 AR FREE, 30 °C. 150 r/min
Woaiiae 3 d s, MR RIF IR O 14T
P SR IEHE IR 5% 425 100 mL 1) VY/2
Wk FR 3 | 30 °C . 150 r/min 8353535 . B0 24 h,
6 000 r/min Z5.0> 10 min YCHE—IKEAE, HA 65 °C
fERMAE TP LR, RE, HE 3K
1.6.2  IBURBEEIFIEARI : KI5 R
[ A I e o IR LB O R B TR R o RS
FirfA 1.6.1, 4:F% 24 h, 6 000 r/min 25.0> 10 min
WA I, 1 UERRET, B 200 pL JCEE A L TR
VRAD TR B R R AL, WA 200 pL TG
VY2 ARG RN 2 AR, FEE RN 1 em (Y
FORREREYE, T 20 °C [HIRBEFE 5-7 dJ5H
5 28 S TR VK AR (mm) R AS G RE R VR
HAR(mm), TE 3K, IEELZE KGR,
1.7 BE#k YR-7 MBURESEHI R E N
M E

WRAR R LI A AR AR 1.6.1,
PFHEFE 7 d, 6 000 r/min Z5.0> 10 min Y4E 50 mL
W, BRI, 5 mL THEKESGR, Kk
P B WOk S 10 75, 1L UEBREE, K4 °C & H.
1.7.1 ARREMME: Bk B iR 1 mL K
A 1.5mLEP %, 43517F 30, 40, 50, 60, 70, 80.
90, 100 °C /Ky 4abEE 1 h, HIRREE, Kl
HXTEURZERE 2 ARG, DL VY2 WiRE:
FRI A HNTR, EHE 3K,
1.7.2 ERBRREMEMRE: Hoks LB W 2 mL
A 5 mL #0048, 40 5IH 1.0 mol/L HCI Fil NaOH
VAT U AR A L RO, (R pH (E 50
3.0, 40, 5.0, 6.0, 7.0, 9.0, 10.0, 11.0, 12.0,
PG pH MM SR K BE L IEIRT 4 °C 403 12 h, K
BEERIG, s &1 IR E 2 Rk
1) pH {E(8.0), iTUEBREE, Jrol il HX Eom i as
B2 KR, DL VY2 WA RE SR 28 ot
M, A 3K,
1.7.3 EEM KBEEWENE: BUk% &R HIER
1 mL A 1.5 mL EP &P, ALK R 100 mg/L
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(IEE I K, 37 °C KA 1 h, Kl H X Som & #
22 KA 2, DARAC TR 45 % T 375 A PR
XTRE, VY2 WA R S I IR, AR 3 IR,
1.7.4 JTEIMEFABIALRIFEEME: B2 1 1.5 mL
EP %, A 5INA 1 mL W4 LB L. —ET
30 W SAMTF 5 om 4, BREFAEEE 1 h, AR HE
T ARG T RSHETE 1 h, X B b 2
AR RN . DUAAL BRI 45 A e 38 8Ok BH T
MR, VY2 IRRE SRS ZS I IR, B 31Kk,
1.8 E YR-7THIKG AR L ERMBRERK
Mk B9BE R AE

W shtl 55 . KB R B i 1) R A
FEMEREFRAL I, 20 °C fEIRBETRTFE 8 do [MIKFFRIL
HFIIA 5 mL JCHEZEKICEER T3, HflTHes
YRAE 4 °C JICE 1 h, SRJ5 18 °C i 0.5 h feffiffi 7
PR I Sh T o FH BRI Bk i sh 6 1 rY vk
JEPE 5%10° > /mL.

Ve D B AN B 9 S e kg T ISR
XTI 7 BRI . 5 9 SAE AR LI
TR 58 8, BYHUSEVIE PR TR H I
A F, ARk e T, A TEEE 150 mm Ay
FEFRL, JEHEB LA JC R AR AR AR R . Ab3HAH
DL 100 pL ¥4 AW i S A snt 5 1m, A
SRIT e, Tt 7 18 o Jok o 0 45 il — S 32
5mm BUEACH, BAUELCR A 100 pL BUR R
Weahftl 2, ARSI 20 °C SGiRER SR
FEREFE, 16 h YR/ h RIS T 7-10d J5 W
SRR YISO, 43 BT 28 K AR s 1
BRI WA K RE ISR X IR 1 0 2, A
FHREKZE 1 T4k Chalkiness 1.0 & F-AH
S BE ALY, AR AT 5 A, B 3 K.
2 GRESH
2.1 BURERESEMEKRRITE

Wit R | TR E AU E R ik
SN IERE S P B Al Al 7 Mok, Hop
4 BRESPUEORIE RS, FEPURCR IR YR-7 FFE,

SRR TIREIHIEE 250 24 mm (8] 1), 204K
TR A 96% , B R 35 BT S48 M e 1R
T

2.2 HHRYR-THIEE

221 FBSYETE: Bk YR-7 1E VY/2 AR IR
ARKRE . WIEEEE, WA, #Imy e, A~
FN(E 2A) TSRS, bR sb A, i
o, WEDE, Joi, SAEE L RERSZ, LR
HBBES, AHU(E 2B), B IR0 4 AR,
(0.6-1.0) pmx(3.0-7.0) um (& 2C), Kl FRBRIE
BOEERIE, BN 1.0 um —1.7 um (& 2D), JEA%L
SELERWIA LY, EE YR-7 B THEREE -
222 HEHEEHE: EHE YR-7 BRIZRZIMRT
SAACEE . TR ER . RERE . BRI, TERK
fift . Tween 80 FIFH . BEZ/KMEAGIN S FHME ; ASERER
W, LFYER AR . IR A Hiad Ak
KR K 30 °C, KT 20 °C 8% & T 40 °C JLTPA
K HERRTER 1.0%. 1.5% NaCl 85555 R K
Kb, HuaJRUmSZ 2.0%09 NaCl (£ 1), #¥E (A4
P % T ) 565 8 AR, TPk YR-7 1438
AARFFE S 8 RS BR T AR, WAL B R o RS
BRI (M. xanthus) .

Bl 1 E# YR-7 IRBURREEM

Figure 1 The antibiotic activity of the strain YR-7 against
P. infestans

W A ZSEXNEG B: BARYR-2; C: TWHRYR-3; D: WAKYR-7.
Note: A: Blank control; B: The strain YR-2; C: The strain YR-3; D:
The strain YR-7.
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B2 Bk YR-7 BISHFE
Figure 2 The morphological characteristics of strain YR-7
W A WHRIES; B: T, C: HIRMM; D: KT
Note: A: The morphological characteristics of the colony (4x); B: The fruiting bodies observed by the stereo microscope (20%); C: The

vegetative cells observed by the transmission electron microscope (10 000x); D: The myxospores observed by the transmission electron
microscope (10 000x).

F 1 EHk YR-7 BIE RS (AFIE

Table 1 Physiological and biochemical characteristics of the strain YR-7

A A LA g HE A (LA 4
Physiological and biochemical characteristics Results : Physiological and biochemical characteristics Results

Oxidase + Growth at

Catalase 3 i 10 °C -
Nitrates reduction = 20 °C +
Gelatin liquefaction 3 i 30°C 4
Urease + 40 °C +
Hydrolysis of cellulose = i 45°C =
Amylohydrolysis + i 50°C -
Hydrolysis Tween 80 ot i Tolerance to NaCl concentration

Stained with Congo red i 1.0% +*
Methyl red test - i 1.5% +
Casein hydrolysis 3 E 2.0% +

Note: +: Positive; — Negative.
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Myxococcus xanthus NBRC 13542 (NR112544)

67
Myxococcus xanthus ATCC 25232 (NR043945)

92 Mpyxococcus xanthus DSM16526 (KC169882)

99

YR-7 (KT428618)

98 — Corallococcus macrosporus DSM 14697 (NR042331)

Myxococcus stipitatus DSM 14675 (DQ768118)

97 92

Myxococcus fulvus NBRC 100333 (NR112545)
89 ' Myxococcus fulvus ATCC 25199 (NR043946)

Melittangium_lichenicola DSM 2275 (NR043950)

Corallococcus exiguous DSM 14696 (NR115864)

99

08 Corallococcus coralloides DSM 2259 (NR074852)

77 = Corallococcus coralloides M2 (NR042329)

Archangium gephyra DSM 2261 (NR043938)

Angiococcus disciformis DSM 52716 (NR117460)

%0 { Cystobacter violaceus DSM 14727 (NR043943)
tobacter minus DSM 14751 (NR125514)

98 Cys

97

Cystobacter gracilis DSM 14753 (NR115862)

07 | Stigmatella aurantiaca ATCC 25190 (NR043951)

99 ! Stigmatella erecta DSM 16858 (NR042398)

0.002

B3 1RHE 16S rRNA EEFIETRMENR YR-7 ZEA FHURIKE
Figure 3 Phylogenetic tree of strain YR-7 based on 16S rRNA gene sequences

Note: The numbers at the nodes indicate the bootstrap values based on Neighbor-Joining analyses of 1 000 replication. The numbers in
parentheses are accession numbers of sequences. Bar represents expected substitutions per nucleotide position.

2.2.3 16S rRNA EREFHISH: KEHEK YR-7T 1Y #2 EH YRTBIMEENE

16S rRNA %J?y” (Yé%%‘ KT428618)—]:J GenBank Table 2 The antibiotic aCtiVity of the strain YR-7

HOHISE AT BLAST LUXF, JERERIBRIER 1Y L] DA SRR

The indicator Diametre of inhibited  The antibiotic

PRI R R R TN, RELEW LEE YR-7 microorganism zone (mm) activity

5 M. xanthus 235, ‘ETRIER—DRGe#05C Esieraziin anh = i

F(E] 3) LR BT AFRE LA S A BRAE AL RRIE 1Y) 4 2 5 Staphylococcus aureus 14 *

S, R SRR (M. xanthus) pacilis subtils i :
Saccharomyces 1 o

2.3 E#k YR-7 BUITEIE

cerevisiae

R YR-7 TINS5 SR W3R 2. HIkE YR-7
A LARRGCFIR AR I, %o 4 (0 3 A BR o AR
WA —ERIPTTE, SRR R AT B Btk

W e SREVIR o AW - TMEIER; < A
TR,

Note: ++: Strong inhibition; +: Inhibition; —: No inhibition; *:
Dissolving bacteria.
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S 11t B 40T
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2 09 | =
S o8t c
g £ 10
° 0.7 & [
2 8
0.6 g0
c

t(d)

t(d)

El4 EH YR-7 FRIEKITEALE: BRI BUREZESEZ L KAIHI X
Figure 4 Inhibitory rate of the fermented supernatant of the strain YR-7 at the different stages on
the mycelial growth of P. infestans
Note: A: The growth curve of the strain YR-7; B: Inhibitory rate of the fermented supernatant of the strain YR-7 at different stages on the

myecelial growth of P. infestans.

2.4 H# YR-7T EARRE KA E L ERMEBUR
BB R

SR R AR i TR AR YR-7 (AR Rt 2
(K 4A). R YR-7 AR I FRR 0] . X4k
W, REl . mTH RItREER S, 4t 2 d iR
SN AR, 5 4 KEFRvRIEARED], 26 6 K
PR D IR W, HEATET .

SR FH AT L3200 2 45 A6 K P U & 1 13 VR bt
HORRERRIE M . WNE 4B IR, BAR YR-7 XU
BB 22E KA, A 0 KRB 7 REHZE
W, 7 d 5 ERE R ISR EUREE R
P E PR TROE , A KGR R 7
2431% 447 . BEARKINE, TSR BiEoR R
TR M YR-7 BOURGACE 1)

2.5 EH YR-7T mBURESEHEYREESE

251 HEEMMNE: Wtk YR-7 MBIEUREEN
PEYAE 3050 °C ZLBE 1 h 5475 AT DA e A
BETE, B2 AR AN AT LU 50.90% L)
5 60-90 °C AbHE 1 h MR TEEE B T REkass, 2
J& 90 °C AbFE 1 h J5 P22 A KRR T ik
25.45%, 100 °C ZbFH 1 h J5, B4 KGR
MR RER] 2.72%, WEE LT 22k (K 5).

2.5.2  BREHES MM E - PrEUR R Y BTTE pH

4.0-9.0 WP RSE PR, AL BE 12 h J5 A5 o] £145 40.21%
DI BB 22 KA pH>9.0 B, TR T 4R
TRE, Y4 pH k] 12.0 B, B2 AR TR
F] 17.94%. pH<4.0 B, P22 ERKIPHIZTFE T FE,
223 pH 3.0 4bFE 12 h J5 B2 KR T R
27.72% (K 6).

253 KHMk. EABK. BRLEEENE: &
P 46 & B L 35U N 2 MR IR ST 1 h B A
fiti K Ab3 1 h FEHSROLIEGS | h bH)S, Sik4sk
T VSR AR L, TR 22 A K 3R A B AR
b 7). UEHHEERE YR-7 PUEIE M O SR ok |

A K R HRORE

g 80'
= 70+
S 60
> B
gém'
25 40t
=8 30f
gao
= 20}
s ol
E 10
0

30 40 50 60 70 80 9 100 110
Temperature (°C)
B 5 RENEHK YR RIFFYRNEEEEID

Figure 5 Effects of the temperature on the antibiotic
activity of the metabolites of strain YR-7
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Figure 6 Effects of pH value on the antibiotic activity of
the metabolites of strain YR-7
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Figure 7 Effects of ultraviolet, proteinase K, and natural
light on the antibiotic activity of the metabolites of strain
YR-7
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Figure 8 Effects of concentrated fermentation
supernatant of strain YR-7 on disease prevention for
detached potato leaves
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Note: A: Concentrated fermentation supernatant + sterile water
(control groups 1); B: Concentrated fermentation supernatant +

zoospores of P. infestans (treatment group); C: Sterile water +
zoospores of P. infestans (control groups 2).
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