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70 BRAL, AN MRE Y B ALY R 2,
UCHE BN . Horr, IS LA ) 40 R
KiEMAFEER, BEREHLIE R £, MisdE R
B 2 LT R B R W AT 4 R
G, JLT SR FR-1,3-#) RS Z AP E L,
KA LR AN RES BOIARRE IR R B, SRS R AE
ST IASEMERE RN TR, S0 e EL
B A BT, R AR S PO B Y B AR SO
THERIE B IR = A Wl 25 4, i G AR R
(phytoalexin) S 2 #H A% 85 11 5T (pathogenesis-
related proteins), &= B LG . 21y 4A (LAl
R T Tt 5 T SR R T S A
REA Ll . AR, MV EERKE Y
Wi, fRER AR PR SRR A K R E
BT, E AT AT SR R e R, T
BiiaVEM LB 3 o (R, TEURTE 0 2R BRSOk
WA . G W REWEART AN
R, Rase bk R ™ BFge M, S5
B CQ2010TH Mk 73 WA AU AE A My RE A2 1 I8 A |
TSR AE K E T, JFREA G K Es
SRR HLAER T, AR T o i
WAL, | SE T A2 CQ20 1 0 b Ak il £ b A TR %)
BKRHE B (Penicillium italicum) MFEIRF %
(Penicillium digitatum) LATIVHIVER, WREAREA]
SRR, 5 O e 8OR AL T SE e
RO RS R O R B AR AT Tl Ak
WA K R] I8 . 2295 . KA 7 S EFE 7 1)
WA =Y, W OIS, S B
o FEMENETECQ010M Mk FA BAHAE KM, 11k
Bk, oy TR A K B SE LA, IR e
A B IRAEAEY AT T RIS . ik, FRAT
DL 353 B 0 SE A EE CQ20 1 O TR A4 il £ A WK
DARE 5 1 11 25 70 4 2 > S5 e 2 DR A6 11570 Ry
TR, st SR . PR . BN A
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5, WHFE T CQ2010 % Fifxt it VBRI T 45 LA
A, SR AR PHARCR , LAR BT MR A
K M R .

1 ARAedr &

1.1 8

1.1.1 B30 BRI,
T 2558 BE S50 Sh A 55 T o
1.1.2 AR R, T ERHILR X A
R/

1.1.3  fER4&2Z5. [ (Chlorothalonil)FlH BT
i Ht (Thiophanate-methyl) ) Il F 5 JfR i 24
ARTHL A A, e B AT 36 43 5 s B 200 F1
8001

1.1.4 B8 KAl s et PuhrhiE,
JE R4, pH 6.92, RAE0-20 cBHEZ 18, ik
2=y, BT, A2 mmid, IREBEIEEE
1.1.5 JRIRE: KRR (Mycosphaerella
melonis), HPImR KF=MHP R FREM, H
PDAEA R #2528 °CHEF£7-10 d#5 ] T4 bl
B SRR PRS-, BoflA1x10" CFU/mL
7 B A TR AR e

1.1.6 BonnetfAHEsFEE:: 0.6 g KH,PO,. 0.7 g
KNO;. 0.25 g MgSO,-7H,0. 0.125 g K,HPO,"
3H,0. 0.3 g Ca(NO;),. 1 g R&®EE . 10 g%
B, 1.5mgMnSO,-H,0. 4 mg ZnSO,-7H,0. 0.1 mg
Na,MoO,-2H,0. 1 mg H;BO;. 1 mgiZR55. 8 mg
FeNa-EDTA . | mglt® %, 1 mg/HfR. 20 mg
CuSO,4-5H,0. 10 mg CoCl,-6H,0. 20 mg KI, 7K
1000 mL, pHJ¥%6.0,

1.1.7 ZHEEBERBEWRK(P. oligandrum broth,
POB): il Bonnet# i AK:#%, FH Bailun
Bio & I HE(F i A LE MR BR A w3 ) i &
TEMEE R R R (R IR MR . Pythium oligandrum
CQ2010); IREE: (27+1)°C; HEFEHAE: 150 t/min;

IR T ER
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WA 10mL/(L-min); &FERHAE]: 120h; 022 mm
TEEE s Ik LR 2 oA, NS S
F4215.4 mg/L,
1.1.8 “ZFGAL"FEBERNATFEN (P
oligandrum spore suspension, POS): 44
A R mI A7, #effi H36W] FIBonnetifi 14 35
FEFLACERE K, $41: 100000 il AL
1.2 POBXBEBI/PRA TR
PEREEA W B D0 B B Y PR T 2t
FBESIRE ST, B TPOBRY LM EMIRE:, 2
/N U 3% a2 A1 2 P i b R
R ART, /N G R NIE 3 do 2R
J&, AR A LR /N30 KA h2d, g
20 HRINTHRAA 10, MEMESR K. 4ZGHTZEE2 h,
FRIRTE o B0 4R B2 /N BR300 15 45 POB A
MK, ZARFE60 mL/kg, 4525%5F430 mL/kg,
RH2K, BRERRG h, L T14d, BRES
WZE/INERIAMIAARTE . 4720 ARE . XS
N AR HEMYSEE S, JFPRIAE . RS
WG, XA AT, WSS AR
AR B, Biihas .
1.3 POBXI EJREHEHIBIGTER

1.3.1 R o mmITILAs, BEHDTERIEE B
W& NSRS, HFh T3 ML B PDA [ {435
FRH P VRS BN mL TG K
POBJF . & HRYE I 4T A B B, 25 °C
Biges dfa, M8 Ok a T BRI TR
il

1.3.2 SRHEEMRE.: ZRMEENN 2o &
M, s . (1) M T M R 7K (CK)
(1) W 5 v P TR s 16 - B VR R P 7))
(1) BHPGTPOB 24 hJ5 2R B (POB+I2 Fluig 1 ) Fl
(IV) HFE #i24 b5 WBHEPOB (I FK #+POB) 3
APPALEE , TEREFRTE S, PRIE24 hEARPR E R

Yoo VRARWSTGE LRI RO, B3R, HIK
HEE200E, HWAEH., HZES 14 dEA K
RIGH . RIETRECRIBA R, [F2G e A
TRES R LR
1.4 POBXIE AR K=& 5B
141 HBRRAE: BE¥11.5kg, $£A10g20-
10-58 518, REFP2RLAMEZE S F A M1,
7 dJE PR IR SR g, ik E e (1)Be
HEBonneti ARG 7 3E(CK) . (1) FEHEEPOSHI(I)FE
FEPOBH3AMM I, RRAEIEHE10 mL2G i, HiJE21K
(BIf@7 d), HE3W, BIREL200RGT, WS
P, FHE30 dHERIE B R, Ik
KRBT, NIRRT e m
Ve, R FRERIE E , RUHE DU A3 ) 2
Eoa, WE Y (peroxidase, POD), % LA
fifi(catalase, CAT), #HE ALY L (superoxide
dismutase, SOD){fitE, HCH B &R, HTTCHE
WMEHE S, SRF, 105 °CATE )R (80+£2) °CHET
Hikk, WA, B, AEET
1.4.2 AR HEEA KERERE G 1B Tni
(KxFEx%=5.0 mx 3.0 mx 1.5 m)H", Fit300k S
JRGhT, %15 dis, sl (1)BEHETEK
(CK). (I POSHI(M)POBI3F AL I, 4k BEHE
50 mL2§, AIJE3WK(AIBE10 d), TR 3K, KL
DXZHHEF , i BRI oo 7 e 17 PR ) 57 A
TR . I . BREL . SRICSE . UK ¥
JRAESE, BTFREAR a, JF TR R AR A
(TR S, A3 H2,6- A B ke By g vk . &
AN IEIERETE | T AR T R T L € v 0 e
HERC, EEREL . WANFRER RTINS i
1.5 BB

R B FHExcel 20038E 7344, SPSS
18.0 JAFHATG I M, 2557 1 3 o R o
/NS EPULSD), B E K E N P<0.05,
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2 HRAA

2.1 POBXI YRS RN

EHEB A ZPOBIE AL, 2. 3. THIl4 d,
IR 2 5 B/ BRUAR B K TE 2 25 R (GR 1)
FERIAIE], 241/ NI AR SR I, X IR
A/ RIARE 20.45 gt in%23.38 g, IR
/NERAREE 20,19 gt finZ25.08 g, AR/ AYSE
WAAT METCSFH . A, ERLsw)E, XA
A/NRSEAT T RS, s L B B

LU ERNIAT, B, Tk,

2.2 POBXE/RERHFHIBHARCR

2.2.1 POBXHH/REREE S MMEI/ER: 5CKAM
Ll 45 28550 0 TCER s TR A T 22 A6 K 3 I AR
FH, IR B LR H>POB>H WG, KKK
54.83%. 51.95%#1140.84%(&1).

222 EBMRERRE. BESCRAM B
B R0, ERREZ S, EINE RN LR
RARIE TR R, A3 B49.2%M132. 7% TEHE
93 T +POBAIPOB-+2 I Y AL R by, 8 SN & A

1. POBX/NRIAEAIFIN(2)
Table 1. The effect of POB on the weight change in mice (g)

Groups Per-test 1" day 2" day 3" day 7" day 14" day
CK 20.45+1.34 a 22.58+2.78 a 23.39+3.82 a 24.45+3.89 a 22.33+3.32 a 23.38+4.77 a
Test group 20.19+1.31a 21.90+1.88 a 23.89£221 a 25.21£2.49 a 23.70£2.01 a 25.08+4.84 a

Data are mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by LSD test and same below

unless stated otherwise. CK: control.

Bl 1. (FRZGFIPOBX A INEK A= B AYHIHIE R

Figure 1. Inhabitation of chemical pesticides and POB against Mycosphaerella melonis. POB: P. oligandrum broth;

CK: control.

2. POBXM RN EMHHBHIPIASREM AFA_BEE
Table 2. Control efficacy of POB against gummy stem blight of cucumber seedlings and malondialdehyde in leaves

Treatments Incidence/% Disease index Control efficacy/% Malondialdehyde/(nmol/g)
CK Oc Oc - 4.14 ¢
PI 492 a 32.7a - 921a
PI+POB 203b 14706 54.8 6.07b
POB+PI 2480 11.7b 64.1 6.43b

“PI: pathogenic inoculation. CK: control.

actamicro@im.ac.cn
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1) 22 9 2 R0 1 5 B R 3 AR, 84 T°20.3%—
24 8%(KIRF)11.7-14.70R 5T BO=Z 18], Bk
BN 54.8%64.1%, AL, M TN RES R
i R >POBHZR 78 ~ 1294 [ +POB> X} I (R $2 7
FRH), KIKH9.21, 6.07, 6.43, 4.14 nmol/g,
2.3 POBXI AR A8 & BT =0

231 HEAEK, HEREE. REARITEILE
W B2, EERRE S, A POBH
POSTEHM B ML ALK, femtta R &, W
WZRIE T, 508 POB>POS, S5xfEAHI, POB

a 07 a (B)
g 15+ b
e c
510 |
=
- j
o,
0 1 1
CK POS POB
Treatments
©g 5. (D)
=y b a
=
25
3
= 2}
z
&1
2
6 0 | |
CK POS POB
Treatments

PRI RR S . A . AR AR RIS T4 4R
B 751.31%., 81.10%. 22.62%F133.37%; IiiPOS
AEFRAY AR E523.74% . 55.71%. 11.32%H125.01%.
tEAh, it FHPOBFIPOS B 25 42 & B N4 1 1Y
PODFISOD{E 1, 43l Lt A4 5 1 35.43%—
46.94% (POD)F120.39%-26.31% (SOD), {HPOBHI
POSZ A % 22 57, i HIPOBFIPOSK CATIH
PEIC B 52 (1#13)
2.3.2 HEERFESB: BRIAA, BREHREZ
Hb, i FHPOBFIPOSH I 25 4 ey ¥ R4 1 A AL

N
Y

a
- b
| C I l
CK POS POB

[
S e O

o
W

Biomass/(g dw/plant)

(=]

Treatments
— 020 1
= a a
2015y
5 O
)
2 010
E
& 005 F
o
Qo
Qf« 0 Il 1
CK POS POB
Treatments

2. ANGEEREA) £YE®B). HRERSEORRFEND)
Figure 2. The height(A), biomass(B), chlorophyll content(C), and root activity(D) of cucumber seedlings. POB: P.
oligandrum broth; POS: P. oligandrum spore suspension; CK: control.

—

(A) 200 a (B)

CAT/(Ulg)
SN A O 0

b a 120
5 150 £ 90
=) g
< 100 = 60
]
g8 50 £ 30
wn =
0 1 1 1 tl 0
CK POS POB g
(=9
Treatments

. a (©
| ﬂ ﬂ
CK POS POB

Treatments

a a a
CK POS  POB

Treatments

B 3. HINHHHAISOD(A). POD(B)FICAT(C)ESEM
Figure 3. Enzyme activities of SOD(A). POD(B) and CAT(C) in the leaves of cucumber seedlings. POB: P.
oligandrum broth; POS: P. oligandrum spore suspension; CK: control.
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W A AR I, POBALBEAY & A& AAL .
BRI 5 R T POS. SXTIEAI L, POBALHE
AR AT BRI o R 30.43% .
136.54%#11160.60%; POSALFEf N3 /11122.46%
90.78%7#11120.48%

2.3.3 B)KEEMEHE: POSHIPOBALHAY# K

PR X B 5 7.03%F111.58% ., E & BT
I, POBWLEIEINE NV E s & &, FRIK
TRk 2 i, (ELX IV i R k2 2k DU G W 3 52 il
(FR4)o FEA IR AL, BT S84 S S
K, RV ZER, EEhsgEa, S
WS,

®3. ANYEFANSESREE

Table 3. The nutrient concentration and absorption of cucumber seedlings

Concentration/% Absorption/(mg/plant)
Treatments
N P K N P K
CK 1.38+0.04 ¢ 0.31+0.02 a 2.76£0.30 b 14.64+1.31 ¢ 3.32+0.30 b 29.29+4.22 ¢
POS 1.69+0.04 b 0.35+0.03 a 3.91+0.19 a 27.93+1.59 b 5.83+0.43 a 64.58+£2.09 b
POB 1.80+0.04 a 0.32+0.03 a 3.96+0.24 a 34.63+£2.75a 6.15+0.59 a 76.33+£3.46 a
R4, TRICEE~E MR
Table 4. Yield and quality of cucumber by different treatments
Treatments Yield/(kg/plant) Nitrate/(mg/kg) VitaminC/(mg/g) Soluble sugar/(mg/g) Nitrite/(mg/kg)
CK 2.70+0.10 b 207.62+7.96 a 18.73£1.75 ¢ 30.59+2.45b 0.17£0.01 a
POS 2.89+0.09 a 154.67+8.35 b 25.11£1.66 b 36.21+1.14 ab 0.18+0.01 a
POB 3.0240.11 a 170.24+11.26 b 28.1043.02 a 39.39£1.56 a 0.17+£0.01 a

3 ik

s kst , M —HNEB %
TPOB 60 mL/kg, ABN LAY KGZE, W
214 AR, POBM LRSI, 170, 1A
WmHTHREERW, O, . B BESR SRk
BB, b St R ks . ik, POBJR
TR, M eToE, FOa AR
JEE R TG R A AR FT s

POBX ISR i T A 41 i) 2834 31 51.95%, 24
RAT1 : 800 H RIS IR AL = 2008y HI BE4E 15
HER W ], LD PR ] R R T O R R R D
AEERR . BMEEAF/NIFHREY RS, M
TRRIEE R E KR FEEMRE 2R, IR
M R rp A TS S i, POB U AR FL 34 i

actamicro@im.ac.cn

UL POBAT &A% 1 I TN s 87 XoT 240 il e 1) s
PERY™, BT, BT LS SR A R
ik PE(induced systemic resistance, ISR), &1L
95 JEL TR 5 | R 1) R GRS P PE (systemic acquired
resistance, SAR), {HETHER EEY LA KA T
PESRIE I, A AT WRE" . ISRFISARIY
YERIAL 22 AR H EUR AL, 1 5 20 B AL A
BrBER A OR R A, W B 2R E A AN I AR
LIRS AL B A k2 o ™ o, PODZ
HABREL A . MRS . Pi R A&,
FEABETE T, POBIR & i = 2 R4 B Y POD Al
SODIEYE, VLWIPOBREIS SHUR L, fE#EG
PUwRPI T, MROR T EBERE, B kR R R AR,
PEEEYPURRE 1. Ik, POB W EFRLH K&
it B R R I fe gk . SR, R
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MMRIEFG AR E G, (E#HFMYB, GLUMGSTS:
— RYVAHCHIME R R R0k, H2 0 B A f 4 T
P PTPE S BT ARG R B, it FHPOSHE fin# K
240 B0 W WS, R v R RR AR N Y I 2R
(IAA) S &, fedbhatkd K fEARMFsE P, HiH
POB I e B0 NA G, ZRAIPOS XS 2 Aili Al /K A5
FRAE R, B, POBXS B &N i 1B e
AR L FPOS,  wi il T BR 7Rl ) ) A= 7 A5 R
Sy 3% RN N R TR s i S il o, — 25 UE B A
A W G AR P A T T B R A L A,
i HPOBZ )5, BMEMRM SRR SRS, BAR
W, ot G R, HRES 5N
W, So6EEBHUIMG; WRIENERRAEY R
RERACIHI SR A IREL, IR, i
SR RAM RN IR EA & TR G AR,
Y E IR, Rt AN, SEEE
Hiea M E., AR, EREIMAMTHNES
AR R, Xt Rl AR POBAR B AR
BRI —EZEFN, ([HAEENE, POBffiE
JRALSEHE ™, ek . b, BUTURSEVeRn]
VSPERERG I, WEERER O ERRAR, PR mESRMME
T2 Ak AR MR & B INA A 35 T s R
SRR B JRURT i A I T R 0 I 1) O e
ity , i TR kP i AR TG A UK A i R 30 i Tl T M
ik, BRESARAHER, PNO;, R

LAV RIS R, POBX S LR 44,
ReA b7 ih B R & Al , fRHEAER, &7,
SR T, BRI AR SRR T POS, RREEiE ol
AR AL B R A AR I AR A 24

2% XM
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Effect of biopesticide Pythium oligandrum broth on gummy
stem blight in cucumber seedlings, animal health and plant
growth

Mingming Geng, Ruilian Jia, Zongming Sui, Jianguo Huang

College of Resource and Environment, Southwest University, Chongqing 400716, China

Abstract: [Objective] Biopesticides are safe and environment friendly. We evaluated the biocontrol effect of Pythium
oligandrum broth (POB) and its toxicity to animals and plant growth. [Methods] Animal, antagonist, pot, and field
experiments with mice, Mycosphaerella melonis, and cucumber seedlings were carried out to study animal toxicity,
control of gummy stem blight, plant growth, fruit yield and quality with POB produced from self-isolated P.
oligandrum CQ2010. [Results] Mouse showed normal weight, appearances, performances and no pathogenic changes
in organs and tissues with a large amount of POB supplied by lavage. The inhibition rate of POB against M. melonis
was 51.95%, similar to thiophanate methy (800 times dilution) but much higher than chlorothalonil (200 times
dilution). Malondialdehyde concentration was reduced whereas activities of peroxidase and superoxide dismutase
were stimulated in seedling leaves irrespective of POB supplied before and after pathogenic inoculation. POB also
decreased the pathogenic incidence and disease index with relative control efficacy from 54.8% to 64.1%. Thus, POB
could alleviate cell membrane damage caused by pathogenic microbes, stimulate physiological reactions related to
disease defense, and increase disease-resistant abilities of plants. Moreover, POB increased chlorophyll content, root
activity, and uptake of nitrogen, phosphorus and potassium, resulting in growth acceleration, fruit yield increment, and
quality improvement. [Conclusion] POB is safe to animals and could control gummy stem blight of cucumber
seedlings, promote plant growth, increase fruit yield, and improve the qualities.

Keywords: Pythium oligandrum, cucumber, gummy stem blight, growth
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