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W OE. BE L ERAWEEREYH (Phytophthora nicotianae) JI A —FF B REABRE, ARESH, »HEH
J o PERMBMELGTHELELE. AW, RAAHFUEHEAGE AR TN ERHE, EXLFEFER S}
. B, FRNARZHAGEIBRROLEBERYE. KARTEEAFMH THRZMNKREAASE(ZnO NP SR E R E
Aoy AR ER, 2 RAI, InONPs LE M3 MEREARLAER, BIKFAT R 74, BIRFESHRTHLE, £
ZIRBEARMME, LA E B AR EXF 800 mg/L o, ALILFARBEAK, BHRTZAFHL. BT & ffoda
WOBEMELIN, InO NPs IR EE R AL &M, FHALTE, AWK, @R EN. AFFEH LK ZnO NPs
A B R LA AR T e s,

KER: HRRNE; REREE: B4 BLVE5: BT

RESES: S435.72 XHKFRERD: A XEHE: 1007 -1067(2021)02 — 0034 — 07

A 55 B 2 MR BE B  (Phoyto phthora nicotianae) 5| i — F SR i 4 42 B R PR E . 6 E
— M R AR PR A B AR A Gl LAZE R O F, Bl RO I I B R G, AT
BERREE RS, HEIET- L 0 A LA T 22 AR FA JF AR A 7B A T IR A HERE i A P sk Ik 414U, R
TEHIEF A, Alak 2 4R R B SR JUAR, HE R SF VY A DX R VR A% . S DR MEM AR L . AR K SZ LA
N, PBOZONFH RN ET . A MER . SRR A, AR RIS TE AR R ARy 186 L |

B AT LA & HUik s B A4k 22 B 2 MhBiia iy 2. H02g o ARG B i R R (R
DLHVRR 2 BOre il . ARERER BFAE 2500 O ), — 5 T 45 28 25 PR B8 TN 2R {adt J 3 b R i) R TR 52 0l 5 — J7 T
5 T A R B DA 2 M R T TR O P 1) SRR R R A A 0 L A O A B B R B
A APEAE T AR JLAR R LA 28 T B M, 1% G Ak S A R 24 ARCAR R BE U e D Ik R e o e A ok A
R 3 A AR R, AR T AR MR TR R, R T A A A — o A, B
ARERARR, SRR A FURATT, 0 2 U Bl SAHT 2L AR 5K B0 0 5 2 10 7Y BT SR, XA
7 oK T8 T JE B

VT JUAE o AR ARAE Sy — o7 2615 2 B 9 WF 58 G0 6 A W O 4 R 8 3% 7 A 5 T B A Tz 1 0 G
To, AR ZyHE . ARG R L RGBSR R T R AR T 9Kkl F (Nanoparticle, NPs)J& 8 7¢
=S ) A AL T K RST (1~100 nm) 35 B AT R B A 500 A8 B b kL, B2 00 8 Y 1 3 1k
SR BT L v Ll AR TR R R 0 0 K 45 4 SRR A — S T AL ARG HIL 4 R AR Ak W 8 oK R ke B 22 B ik
AP BE A EHUIE 2R AR L L BRI P R T R . RO PR A R R, — L B w0 4 R A
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% 2 PRAR IR, 5 o 2 R AL B AT IR S 9% B a4 A B AF R AT 35

KR, LG AL EK (TIO,) | AL EE (ZnO) | 4R (Ag) . FALEE (MgO) . EALHT (CuO), LA K
FRE, AL AR (SIO,) L BRAIKEE (SWCNTs) | A 80 (GO 55 . ASAUFEIR SN Z 44 0] LA il 55 Ji 7
0 A K, T LA T 5 R )3 56 2 R VR 0t 3R B R G G B A RER L A S g K R e A R A
Y995 J5 A TG L2 B I B AR W LAOR AL B B A R ST, SR e R BRI A R A

Horp, SALEEG KR (ZnO NPs) B GOR MR NRSE | i R A R MERE. 54, i FH MR
FHZ AHAB R B JE -, PR R T 28, REEFHNESLESE, A2 IEEM S, 1
IR JLAR , ZnO NPs R I AR 3R 09 A6 7 06 PE R £e v . B Hrnsh . SAMRR DI ag. ik, ZnO NPs
ST AL Z I RE P 25 . (EAR 2 U B AR R AR B, DU AR e B By O L AR
] - SBALIY A5 i T BORR SRS . MY SR AR EAL B S A I SRR T SRS P AR B ZnO NPs X
A 40095 DA L A 9 1 LT SR AS B . BRI, A S DA AR 5 I % 0 D T MR B 85 D R A B R X 4, E =
WRGHME T ZnO NPs (HTEEEH , FFRD 50T 7 HAERIALE . LUBI R & 0 B 9 K Bt 18 77 $2 R 2
WA

1 57X
1.1 X E

M RERE R W (Phytophthora nicotianae) » HSREE B P52 7K M DX AR F BRI 9 1 it vy 20 BT K
1.2 ki H

ZnO NPs W4 3E FH 5% [ P4 A% 35 57 B 243 (13D 57 %) A1 BR/A 7] (Sigma-AldrichLLC.)

e BRI, BRI B 30 g, A 1 000 mL, IR E WL 15 min, FH 3~4 B2 Hmitig, HA
PeMHEARE 1000 mL, ZJFMA 7.5 g Z4HARK ., EHE T EZBEH AL, %S HB T,
121 CEEKEE 1 h J BT,

A B TS TR S L I (MSS ) » Hii 7 0. MgSO, « 7H, 0 0.004 mol/L, KNO; 0.05 mol/L,
Fe-EDTA 1 mL, Z%if/K 1 000 mL; Jrf Fe-EDTA Bt /7 & EDTA-Na, 14.86 g, FeSO, « 7H,0 24.9 g,
ZE1EK 1 000 mL.

1.3 {8

I TAES (AIRTECH) , 932 280 vl A2 77 5 s [ 3l B A ) Z8 10K B8 a4 (LDZX-40BD) , | ¥ HI %2
BT AR b) AR s RARIER B SR AR (DHP-9272) , 1 5 R BH A A BRA R AE 7= 5 M A% KO8, MRe -
FEA A DA IR /) A ™ s e WA XC23 , BUBR L i (b D A BR 2 ) A 7.

1.4 ZnO NPs MEEEEHZEKBMEHRE

FRI—E 8 1 ZnO NPs 43 5 A g2 5537 3y, Bodil Al 25, 50, 100, 200, 400 F1 800 mg/L AN [F] it &

W, BRI KEHF, 121 “CKE 20 min, K@ 588G, ¥ 15 mL B 25 55 57 28 AR 5%

3 A R R A T TR L SR AT AL IR AR BRI A TR A R B SR L e, AR PR A 3 R T A R
TR 35 77 L) B e A 26 °C 1 i 3% FR 4 RS 254 T 85 5% 3 dy SRS SR T o7 32 U D A DL Y R T
HAAEN.
1.5 BaESHEHNE
1.5.1 &4 e

PR R0 B R 3 d M R | WA G W 2 T Iow & 08 b, BiJE K% % W 22 M ZnO NPs
(400 mg/I)7E 30 CHAF T RIEIF 3 h, W22 5 ICE/KBEFE X IR, B8 . AT A BIAE FL 7E 6 000 rpm
B, TR EZH 2.5 % X EE . B 1 %KEM OsO, B, FifSEH 0.1 mol/L B# 2 ik (pH
H=7.00 k25, FEME—RIBEE LB (30%, 50%, 70% . 80% ., 90% Al 100%) HL43 %I /K 15 min,
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IFHERS TR T T. &5, —/DNEZEZE T M EAE TeenaiG20 % 5 L 5i (FEL, Czech) b i 17
pUE -

1.5.2 B EU K

W 3R Kb LR 9 R TR T 22 R S AR P i AR R RFE O E R4S, W TN
22 2 hy B 30%0, 50%, 70%0, 90 % 1 100 %6 M) Z B4y M 7K 15 min, Bl 5 FHARARSE 3 h J5 . B T8 ™
Wi, WS BT L R T ULER.

1.6 ZnO NPs MEEZEEAFE~ERIEIER

B TAES b, R8RSR 2 A S & A B AT H AR 1 em W& B A& . 43 507 & A Rk
J& ZnO NPs By fBR IR R A 6 AT & B R, R4 fh iy 55 35 LT B 0I5 B 4r s, & TEIR B IR 46
26 °C, JEMRIEFE 24 h JFHUH . 7 BH200 W H 27 S AMUEE T ULSE 45 v 5 A 3 I 1) R 00 928 85 1A 6 2 7™ A2 4L
o, JEREFER A
1.7 ZnO NPs M ERERFHAFHEZWOHIFIER
1.7.1 FaFE2FRHHE

[EAEH, 7Ef TAEG T, B RS B AR IR0, DGR SR 24 h 5, K5 RS WG 4 7 f 1
FEWTE WG Frde, EHE S, B, BEIEF 4 CkMP 4 10~15 min, B=EIRCE 30 min,
PRAE 7 . AR5, Bl inA 1 mL 4K, B S HRITE & B/ R, Z2RKATE,
WS W B T OO B0 T, B A T RN B RS R A SR DL b T 2 N R BRI
WEFRNEOEE TIRERG & E, WIEEY 2~3 min, s 7MW E R a6 £ %, EMHm T
TR
1.7.2 o5 3 R ¥ 4 X 5%

B 0.5 mL A B EE (0, 100, 200, 400, 800 mg/L) ) ZnO NPs 43 #HB M AR E b, 485 43 51
A0.5 mLfil &4 B F 2R, 29 S F B SEEIRG, BRI 30 oL 09 R TE S W m
SN MR A MR R R B R CE AR 2R (BRI MRS, BRI, BT 26 CH IR R IR,
FEAACBRE A 4 K. Y28 (XHIB A 7 0 & R IA E] 80 %0 LA B R, 786 2E B B R WS AN [R] kb BE A6 T (4 8 2 1
B, FEGE TR T kR
1.8 HiEHSH

R HE R SPSS 17.0 B AF 47 24 5% W% M 0 M. LA Duncan FCHT & % 25 2 (DMRT) #4725 57 8 3%
PR 5.

2 HRESH

2.1 ZnONPs WMBREREEEZEKWIFIER

SRR, EMFEMIEFRAMET . 3 A R & ZnO NPs(25, 50, 100, 200, 400 F1800 mg/L)
A PRAR R B . FF AR 3 d 5. ZnO NPs B35 P00 6000 5 5 B i 22 AR K, FLIG 5 Ab 31 % 5 vk B 1 14
K HURAE P Bk B, e W2 40 K ORE - bR A9 P00 TR 1k 52 IR v BE AR M. N IE 1 AT DL . X BR Ak 3
(ZnO NPs 0 mg/L) (R & W5 . TR 228 R R PR . KA, TV BHARIAE] 7.3 em, AR E ZnO NPs
b IS B V8 AR K 6.44 cm, 4.87 cm, 3.32 cm, 2.76 cm, 2.11 cm, 1.50 cm, #PHIE 5351 H413.20% ,
34.37%, 55.26 %, 62.80%, 71.56 %, 79.78%. MIHFEM IR F ol LLELWA 1, M 50 mg/L Ab 3 5 & vk B JF
I, W AERKZEE, MO0 H R R EIRF 800 me/L, WLZILTFAEK A .

=
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Bk BER/om
o - N W » “n o ~N @

0 25 50 100 200 400 800

JREWRE /mg « L
B1 AREEREWGZInONPs sHHEEE TR B LA KhrH4£R

2.2 ZnO NPs MEEEBHEZLESEWHI M

M 2 BB BT LLE 1, RZ2FN AP (CKO MR 240010, AN anigasas g, s Jcshs
Y, RRYIS), AR AR SEHE. T ZnO NPs Kb P 5 A4 00 555 5 0 R 22 40 M SR 25 F 2iL . A R W &5 i
R, &ARENITCENRNEY): WLHMINE G A AR Y B, 7l G240 M R 450 8 B i s, =
A M BE AP FUTA T R E BRI OB Y I B T 22 45 M i — bl o AR B gE, AT LR . XTI T
22T . FRMOEH , HZRERER K 4 ZnO NPs A5, W22 T 728 I, T 22 b i a) #5738 4 (&1 3).
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. ~X1,500 “Fom ‘
B3 ABEERZInONPs AR SBEEREHNRALBAESEN

23 ZnONPs MEEEEHBFRESENZN

30 o A ) AR 5 & B R v B (25, 50, 100 mg/1) ZnO NPs X% 5 B 8 1 9% (0 77 A= 3 A 2 v 1
YER. B, 4 ATLUE Y, R ZATAT A 3 A AR R e B 7 TR 22 77 A 7 R 2 (B @7 kb , T HT &
Jor & e BE (200, 400, 800 mg/1)ZnO NPs AU FLAE R W5 . ANAE 200 mg/L T HA DB 76 7 34 7 4=
W& ZnO NPs W BERTHm . W 224K JLF AN P77 A il 1 5% . AP A (9 B8 s J2 ZnO NPs B9 TER

B4 RREKE ZnO NPs 25 8 ¥k & 80T £ 8 A

2.4 ZnO NPs 3 EE B EH 38 FHELN 0

Zeid 4 h WG RE IR, 0 IR AL AT i R R IRF] 80 %60 LA i, BRI R G A% S 1 B 0 2 4% Tk R Ak B S
WFh 46 7 W W A AE . LS AT LU Y, % BROE Sl 40 o 0 o 24 2F A (R S k) . B R RRIR B 9506, T
200, 400, 800 mg/L ZnO NPs 4b 3 J5 Hf 5 25 1 (147 2 96 7 W 30 W 35 b e 4 il . JC HORAE 800 mg/ L Ab
R, Wesh o8 WA Bk . HA T R AATE.



% 2 FRAR IR . 4 - 2y K BACH AT I8 SR B 0 6d A 2 4R R AT R 39

B/ 5 FREKRE ZnO NPs 8 3E g% F # i 3h 7o -7 97 & 69 29 41 45 R

3 gt

R = A TE] S0 A9F 5 2 28R WD 94 R AR R 0 3 BAT W i B 42 8RBT 28 6 s 9 K kL
SARAM BUSATEN T ) Z N L X B AR [ N SN E A BT IR RT3 R R A KA 25 T BTG
WA E . — PR GORAR ALY . JE A5 A 24 RGN K AR5 ik I A0 2 A 0K v o sl TR R O B 287 7 SR, 1)
R s TIR AR AR THRAEAR 259K AL . AL IR A 25 AR I8 (A A 24 4 ) A6 A oKk T, AT LA
& e AR 2GR K R R RIS AE » e AR 25 1 L T AR s /b U8 0 A B AR A R L s/ A 24 1 o T Bk
T, AR EARAG MR, B2 A 2R AR =R KRR BV AR T R RS HOR L IR AR L 4K
Gk ZAALER L 9K AL AT X HRT R TTRYBIE S5 10 (ER . A OC ZnO NPs X A 4 J5 L 1 1Y
WS AL T GORAS . UEALRIOF S WA BIRA. WL, ASCFEEN 4 DI HHR ZnO NPs X 0 52 5
4 77 P BL .

ARSI SR A B, ZnO NPs Xf M6 55 55 B A9 T 22 28 KRB 2 35 940 8OR . H 24 Ok i ok
800 mg/LIf, W22 JL-F ALK, HE2 UG DR 7R 8- 4 X ATRESE T ZnO NPs 55 W H 2 |
WA, W25 Z B , RRRHE T, 53— i, B ZnO NPs Ui # M3 K, Jifsh 1 i &
REEAR ., BRI IRF] 800 mg /L W, JiF 8 1 JL-F- AN B 4. AR B0 5 g BT 2 B T 22 P ML 1 £ 1 SR 3R
AR G 0 SE A TR 22 R Y A T ORI T S Y B R BB R G AR S R G SRS, RN e
A ) B A A Rl SR R A2 A, T O AT UG B BRI P, AR AT E A UESE ZnO NPs X
R B B A A 22 A L LT R AR A T S AT R R AE . R ZnO NPs 15 By #2055 R A2 J7 i
HARK BT SE J0iZm F Rk 2 P fe 2 . (0%, AR R EEE TENPLREMEIE , B7%
HE— 25 AT K 4 H AR 56 R 50 0E ZnO NPs J& 75 7] LLAT 2055 45 00 50 2 2 5 .
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Study on the Antifungal Effect of Zinc Oxide
Nanoparticles on Phytophthora nicotianae

CHEN Juan-ni, LU Mei, DING Wei

School of Plant Protection, Southwest University s Chongqging 400715, China

Abstract: Tobacco black shank disease, caused by Phytophthora nicotianae, is a devastating disease,
which puts a serious threat to the sustainable development of the tobacco industry. At present, the main
control measures of tobacco black shank disease are still application of chemical agents and cultivation of
resistant varieties. However, these control technologies have many disadvantages. Therefore, it is urgent to
seek new strategies to effectively prevent black shank disease. In order to provide a theoretical basis for the
development of potential agricultural antifungal agents, the antifungal activity of zinc oxide nanoparticles
(ZnO NPs) against P. nicotianae in vitro was investigated in laboratory. The results showed that ZnO NPs
significantly inhibited mycelial growth of Ph. nicotianae, decreased its sporangium production, and re-
duced its zoospore germination rate, all of which appeared to be concentration-dependent. Especially, when
the concentration of ZnO NPs reached 800 mg/L, the mycelia barely stopped growing and the zoospore
hardly germinated. Transmission electron microscopy (TEM) and scanning electron microscopy (SEM)ex-
aminations revealed that ZnO NPs destroyed the mycelial structure of P. nicotianae, resulting in mycelial
shrinkage, morphological deformities and cytoplasmic cavitation.

Key words: ZnO nanoparticle; Phytophthora nicotianae ; hypha; hypha morphology;zoospore



