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Abstract: Traditional physical, chemical pesticides have not met the needs of disease prevention in agri-
culture, and it is urgently requested to seek for new technology and alternatives. Recently, the integra-
tion of nanotechnology and agricultural biotechnology has gradually become powerful tools for effi-
cient production and sustainable development of modern agriculture. To deeply understand the research
progress of nanotechnology on controlling plant disease, the application of nanotechnology on disease
management from two aspects, including the antimicrobial properties of several kinds of nanomaterials
(inorganic nanomaterials and metal nanomaterials) against plant pathogenic microorganism, nanopesti-
cides and nanocarriers application for diseases controlling were summarized in this study. Meanwhile,
the deficiencies of nanotechnology in plant diseases prevention and control were pointed out and the fu-
ture development trend and the importance of nanotechnology in agricultural field also were prospected,
which will provide theoretical basis and guidance for efficient application of the emerging technology.
Key words: nanotechnology; nanopesticide; plant disease; phytopathogens; prevention and control

DOI: 10.13802/j.cnki.zwbhxb.2019.2017150

20 bl i Tk B K T R R A AR 25 R A=A A
Pk I T AO AR FAT, R E 7R
ERAETT L T A2 O B R
VBB i6 ARG AR B AR R . (HRIRIA
A B S O I A 25500 A T . N
HNCLEARAE 1 AR A D Xt B 2K A 4

FE DY PR TR 21 45 A% T 7R AP 24 1 R s (3 75
oA, 2011 FR A E A, 2015) , I R AR S A%
Ak 2 R BT 25008055 , it FH e B o b g, 7 A —
ROV EREE IR, KT 2, R B
WhE 43 SR ™ 1 (Imfeld & Vuilleumier, 2012) , 1
TR IR BT 25 PE C R T — A 1R 5 A D 114 3
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(Monroc et al., 2006 ; # iE 785, 2017) . f il ik 4L
[/, Bt b2 AR B Mok & et ge el e 78 T4K
B & ST I

KA AR Ny 21 225 R TR 45,
VT U IEAEZE PRt & 8 FE T I R R T 9K Ak
25 YRR GOR AR ST B AR R 0 . 4K
MRS =4tz (A h 2/ —4EL5HRIE N 100 nm
() — 2, AL FE AR T RSN AR IR (—ZE 254 /)N
F100 nm) GRS FIGIKRE (- ZEL549/VF 100 nm)
(Colvin, 2003) . HIF49K#4 kL A B 5Ltk 4 2 4k
SRR W T ROV 2 T AR | TR
ROV, HAE G 2 BDRLE AR W 18 2 S5 4
AR 2% B EE AT S (BRI A N T S
(Srinivasan et al.,2015) . 5 JJLAF, 99K AR E 40
TR A 7= AR TR 7454, AL 45
BHRIHR TC R Wi R AR B AR ff: st L i
izt g B AR AT SR ARSI AR A i o R
11k 52 %5 (Peters et al., 2016 ; Prasad et al.,2017) ., 44
KEEARFNA: W AR 2 X E5A EARBCABUR AL
1o KA PR AT RS R S RS A S T AT LA R
TRAAE Y6 35 B A X

LA, B AR 38 F AR R R K A 24
GHARTER Y F B AT T KEM, 5
D7 A E NPT IR RS 2R 0 ANk R
TR, SR F T it s SR ) =X F S 5
W KRR S 38 ™ F 1) J L i J L B A 1, I
S T 51 A8 H YR (Peters et al., 2016 ; 0K i
85,2016) , X Fh R — T B AOR A RE B
() e BT TR P , BV B4 40 4 L 235 40 R Ak 2 Ak
77 19 Bp [V FH A 45 995 Ji 18T AN &5 77 A= i (Chen et
al.,2014) ; 55— J7 i , —Le Ak AR E IS 5 A
A Fudw Pk (Imada et al., 2016) . []A, 44 K 4 24 Filzk
A BE 18 1 25 3 55 Ak 24 1 ff FH 2%0% (Prasad et al.,
2017) . DAL, RGN EAR B a At s R AR A
= ERASE

SRy B b ] X — 3 R B AR AR X 4 ok
ARAE R T BT R M ARV E A 096 2 B
05 T BT B HEA T T 2538, [l JEF Al 3
BI7 TG R TN 2 £, R RIS SR M, Xk 9 KB R TEAE )
W BIA T B RLE ARG AN AT TR B e HE
SR E AR ARG F B A I AH T, DU Reak
BT 249K F AR et | 2 (6 1 7 34 R 4 2 4
A BB ARTE

1 skt

1.1 $RYAKMF

FRAKRL - EA R S L RO A
TR 34007 S B 2 A P o, AT A R )15
RO AN 250 S T R M R, AERRATRVR B T e R
SEJUA TR TR | LT RIAR SR S A 36 M 5 1) B
J5L w4 4 (Ahmed et al., 2016) ., A, 7B —Fh i
TE T R U ) SR AN R T AEAR YR 2 BT iR
5 I B I A R AT

A5 TR B TR /N 22 AR BS99 B Bipolaris sorokini-
ana 1 A5 9557 7 Magnaporthe grise 43 i #i Ho 712
RBMS IR YL/ N | KRR RE S T UM 2R B R .
Jo et al.(2009) HL45 T4 KA F FIAR 2 1 XF 31X 2 Fb
A A9 D L TR P BE T 1k S L = N B 8O S5 R K
PR 100 pg/mL v AR 4 Kok T RE A 1 I 5 2 Fh LB
(AR VR TE R 4, (R 2 s R Al L AR
BT P EAE N 2R s 2okl ga it — 20 3R W AE 2 b
I 3 h AR AR KI5 , B2 B AR o R I i
B Jre W Sk AR, L3 00 il = 55 W it e 1) %3547
A7, Ouda(2014 )X KHHE &)y i - THI 5§ it 15 mg/L 4R
YKL TG, MR IR B2 B Alternaria alternate (1 B
227 KA B E . Mishra et al. (2014) 5% FH4E
YA 10~20 nm (RGBT, 855 40 2 pg/mL
B ANOKT - S A ] /N2 R T o TR 6L P i A,
Je SR 1) BRI B R 0 v A AR A K T B
IR 9 T 0/ NAZ AR AR A4 % . Kim et al.(2008)
7 ]t 10 pg/mL SRAKKLF- 2 d J5 BOR A ks
RIRREART 95%, H 1 JE A &k, 45 R R mE
Jiti AR 4 Kb - ] v 5 b B 45 BB KR . Lamsal
et al.(2011a,b) WF5EZE I , 100 pg/mL 4R 40 K ki 7%}
BRI R NS U A B0 1 AP B AR ]
Fisf K FH it R AN KL -5 OB L s I AT Colletotri-
chum gloeosporioides 1% T 22 4= K 4% 58 a4 i, 7T A7
AR T S BB IR 1 & AE o Al et al.(2015)
FIH 8 SRR B A 0 TR, S5 R R
10 pg/mL ARG KA T 0] F 1 6 Fh 2 A= 2% B P Phy-
tophthora parasitica 1) & 22 4= K , 1 H G847 R BH 119
JRBE XTI AR Y, P AR TG 3, B,
A AW A G AR 9 Kok X A ) B A K TR AT ]
R

BRI TR 55 5T A Bkt
JoT, AR RSE A3 HIORR FE RN pH 8847 56, ARADKRE
T 0] DL SRR R B, 38 e 40 R B Ok A B
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{45 Zk I Candida albicans 44 H% = 19 7% 1 4 ( Gajbhi-
ye etal.,2009) . I H Lt 3R 1B K A 2844 i e
YA, AT B 1B AT RAR BT B, B2 i 4Kk 19
RO, ATATHE IR 40 K BT B4 , 41 Ocsoy et al.
(2013) HEPEIRH AR KRR AR O - 1 S A
Ve R 24, FIFH DNA F B S8R 40 KR 1 [
TETERARRI L, & R A 280 17 3041 (GO/Ag-
NP G AR, 7RI 5504 T 1) 16~100 pg/mL ik
JEE R it T S it J , ¢ B R AR K S5 M) AT A Ak,
0451 i BE95 7 Xanthomonas perforans (44 K , i 3
EE AR A P XL 1) & 238, T X 2 A ALk A v 2
. Chen et al.(2016) 857 % Bt ,7.81 pg/mL GO/Ag-
NPs 44K 5 G A BEAMUAE ARSI e 2 AR SEAR AT it
J1# Fusarium graminearum, 7€ &5 /& i {- bt a] A
AR TS ERE A A, X A G AR R I S AR A
S FIAR 4 KR 1 DR [T RL0; , B R AL 22
R Py B A L 5 A 5 9 DL TR AR PR 7 A AR X T
PR A A F S G E ST, TS BURATET
1.2 TiOHKHiF

H 4B} 2% % Fujishima & Honda (1972) & ¥ &
L TIO, AR 7E 2 AP B T RE SO 24K, 1t
IRG 1) A PR A TIOL FE A Ak 77 60 45 B B K &
Ji& o L, TiO 44 Kb TR FECIL T Beg ™
AR AR BT B R A B B SEE MR ER B
RS CEAATEYE o ] LB D A A P AT ALY, A
1M A BEUAE #) (Cui et al., 2013) , AR Af 7R AR
M B Bz N, angR B AR 2 B T
YRR . TIOZA KA P LA AL ST ALT oA
B R TR B SRt TR . TiO 44K
R R HE AW, I TiOJ/Ag . TiO./Zn ZERENS I O
A AR e 2550 o A 7 i 4 T4 B A5 ) A %R
BTG 28R AT 5 4 R R AR AR 55, FLIH 9 KA
L% 3 At AE R AS 5 T AT AT B2 1k (Paret et al., 2013) .
Ce S 4= 11 TiO A ARt ] LAAE Ay i 1 PR oA
R4 ) b 7 AR A R B TS R , B D't 5 B
AAEAL, TIO AN AL T~ 1A 1T W' (315~380 nm) K
PO 5 BRI OB T i BE AR R s ) 5 HH ]S
FW],1.0% Ce™-TiO, Xl 7 A% #1227 4 Peronophy-
thora litchii , & K I35 & Stenocarpella macrospora
FIRS 955 955 T8 Pyricularia grisea (144t B 5 %545 5l K
(81.7£6.5)% . (67.5+4.7)% F1(38.6+1.9)% , B i’k
2 TR ™ 5 Tio.(Lu et al., 2006) . Cui et
al.(2013) W5 A 3, B0 M4 i - TR E it 1.6% TiO 44
KRB WU, BN P A B9 7+ Pseudomonas

syringae pv. lachrymans 71 # JI\ 7§ % & Pseudopero-
nospora cubensis [ 1= 44473 T % 1 69% 191%,
[] BF B TN SI B OGS AR RS N T 30% , iZ 9 ik
I TiO. 1 X BE A% 78 B M bR R TR . — 2T 12 i
WY R A AR AT 12— T B L i o
XHEYIZS, 73— = EY B B arE,
A FI| T A K il A K o 55 4, Norman & Chen
(2011) IF 5T % B E: 28 25~75 mmol/L TiO, A A 55 %
AR TR A2 5% A B Ay 259 1 — ot 20 200 B P e S 115 B
Hri o ORI (2005 ) U il £ 1 e i 14 1) TiO, 44 KoL
-, P T M 5 EC R B TR R 119 FH () By ¥ s8R 3k
# 45.37%~56.87%. %5 I ik , TiO 44 K ki F AL
BAT ST ETE, X MRS # RN, 1 5
BRI THYER, B LBHCA T8 RS A A
YRAZ , FTAVE R TEAEDT A R TAE Y 35 B
1.3 fAEMKHTF

Giannousi et al.(2013) b3 T i FE gl Kb+ 5
CuO KA+ Cu0 AL+ I RS FH A 2% 4 1l
(AT 345 2000  BHE AN 7 1A T ) 3 Ff 4 il 7510 6 7 7o
W89 1 FEL ] PRV RICRS , 50 3 gl il 70 4 L , i 35
YK REAT R A At 299 , 1B Cu,0 Gk -
R 7 2 8 R i .3, 1 RUR 15 81 73.53% . Ouda
(2014) fil Kanhed et al.(2014) 455 7R , i FE48 kT
X e i S 6 25 5 %5 T Phoma destructiva , H.ff 22
16085 R L4k ] T F oxysporum | i £ I A T
Curvularia lunanata 3 2 B H ¥ 7E 9P M, HATE
P TR KR ZZ R . Mondal & Mani(2012) ff
GEREIN, H A AR AERAR T (0.22 pg/mL)
RE 241 11 b B 5 4 PR AT 7 20 2 i Xanthomonas
axonopodis pv. punicae [ A4+, H T PE L # H
AR Bk LTS, AT R AR R A e
() A 5 IZ MRS it — 20 e IR AR 171 4841 (CuO/Ag)
32 AR R L R T 22 F96L - O 00473 T o, X
DKL A i g AR R 3k 22 Rt 5 TiOARL, B
AR RN R A U RGO, X Pk B AR A L A
ARE, 5T R -CuO 9 K Z (b b4 B BERS 50
ok i STV P L B0AIE T CuO 4 Ky 1o 5 B R I
fife /E L, [A) B 3% B 488 v 9 % T 1k (Haldorai &
Shim,2013),
1.4 FEERKF

T R R T R PR N AT () A AR A 1, A
KL ZnO G KA TEAE Y 35 By ¥ T T LR
YRR T LA SR . ZnO A KRLT-REER T 4 40
JHRES , S5 fefi PR 22 Z5 A 8T, NI B AARSE T, 4 He
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et al. (2011) WX & B, Rifs 70 nm Z2 45 1) ZnO 42k
KL 7E 3~12 mmol /L 7] 4 Tt 35 410 ] % 4 96 1R
Botrytis cinerea 1 JX &% 7 % [# Penicillium griseoful-
vum [ A G 1] 3R 53 ) 3K 2 63%~80% H1 61%~
91%; Yehia & Ahmed(2013) 5% & #i , 12 mg/L ZnO
YRR T XA F R D R RN R T A I P. expansum
14 TR 22 A A 2R 433 38 B 77% F11100% ; Jayasee-
lan et al.(2012) 1% ¥X 25 pg/mL ZnO 44K ki § %HE
it ¥ # Pseudomonas aeruginosa il i Hh %
Asporgillus flavus 5 =5 25 4 30 il &% V7 ; Wani & Shah
(2012) W58 K BN, ZnO H KA TEAR IR BE T RERFAIX
FE P35 I FL T B PR A B A Ak VT T L RIRR
#% Rhizopus stolonifera 1 & % i Mucor plumbeus [
T &R ; TR Z4E(2016) & FH ZnO 4K ki 1k
%7 % By A mh TR 1 %A 35 46 5% Trichothecium
roseum 1B IEE . ZnO 4Kk 5 H B A HFIE
Fic Ji5 , B R 28007 55 BH &, 4 Dimkpa et al. (2013) #1] i
ZnO g K hi - F A W) B 1A 40 TR 2% AR BN TR P
chlororaphis O6 Bp 7] B i A< 4 ik ) T8 5 | A 1 i 5
2E L P24 - HE RN N ZnO A4 Kk e, R R V]
R P 22 A A I R 3K 2 DR A Kb - 3R TR
R v R B R B AE AR B T B R AT T D
TeARATAN AR, HXF AR B R A B 8 3 Pt JE A
farsg i , B = I UREIN s ZnO 4K b+ TER
RV 52 (0.25 pg/mL) 55501 5 Ak 2 3% T 5 A 58 8L
(0.01 pg/mL) B & B 68 P [7) A R0 Hb B ¥ BT e
F IS ZnO 9Kk F-BEMETE 6 h Y BEAR14 T F A
L, & X I [ 255007 B A 1 A 254 P 0 o,
M T AR 25 5% B8 W% SR B 105 G, ATV AE B
HHi5E(Xue et al.,2014) ,
1.5 FEEMKKT

N AN A N STO. 44 K AL I 40 TR 1 T 5T
e D X TR o EATA B IR A BRI
YEHT, TR AR AR |, P2 AR A N B AR 2 1T
RRAEYHPIRER G I, R 4 R G K
9¥E 07k (systemic acquired resistance, SAR) , ik F]
ERUTERT E Y . F35 4255 (2001) 2 AR T Sio,
YRR 5 R HLRE R T YOG R B ST LA K S
SiO, TEM R TIRU M YIA KL 48 H SIO L P T
1) 2 BEML A 6 R A 3 i e L —
3 F UMt AR DA el 28 Al A i 3R T A R F 4
P RBR K S BRARE T BUREIR R BRI 3R T, 572
LA MM RS ORN 2578 (B L S AR B T IR I,
FELIBTf LI R f= G B | SR 2R s il 35 19 B

. Vivancos et al. (2015 ) ¥ /N 22 w6 fitk 5% Ak 3[R
TaLsi %% % #) 4 7+ Arabidopsis thaliana H , iff 5% i 7T
FHU R TF R AR R E B 25 R R B, 22
Fe A P 7 R DRIADU R A N 9 ek T 2R R, 422
FI RS R AR BT PE SR DR 3R f 1S i, T Ak
IR FHCEDLE SRR S 51 S hitkisie
StaAN] . I AT L SE S O K R AR AR P I 2
ARG} LR BT 7K A8 SO 7 Rhizoctonia solani [ {2
Peo FEGURRLFFIRET R A AT Rid4 20~40 nm
KR R4 5 KRBT LA E /] (Zhang et al.,
2013) . 49K SiO, 55 M 5 MBI REA S5 il
J R ISR 5 R SRR SR A R
PRI e AT SR S %) & 2 R B AR (SR B4
2015) ., Rangaraj et al.(2014) 7& 4 rf IR £ it JH A%
B TR R N KO, 8 A XS T K D TR P 1Y
SN, 285 5 0 7 FOKAR R I bR B2 T 2 4 Jo 1)
A e i B AR A 3R] BRJE R h  E aE
M2 s e it e rh REL NIMTE L T — )25
AR Y BRGEBE , DR R i it
H A, BARA Rk I S0, 48 K kL1 1 bt M
FERD AR B ATRE AR i H R 0 O S 7 A
TAEYIE T o 2 SIOPAKRL 1 il L 2 AL A5 F I
BFP AT BB A Z AL SIO A Kk F . B HA E &
1 A2 (1 000 m?/g) RALIAF(L emP/g) LIRS i a)
51 (2~50 nm) FFF AL A5 A S5 URR 0 A, e
W B [ RS A A 20 o, LR AR W B2 22
LMV ATAR R Tz N H o Z LRGN A AT
PIAAZR— LA~ R 2 B A A 245 (bt bk By 24 g
R0, WG SR APRRT LR A , A THE A 25 5+
BRI, K 24 385t 8] E < 2 48 h(Popat et al., 2012)
T3Eh BN SIO LKL T 2 (SIO/AQ) 4K
SN A 22 TR P 20 T A = CC B B A
A8 B T AR ] EL 3R B HS AR 5 200 . Park et al.
(2006 )X 5 45 R R B, ToiefE H L5 7R iR =
I8, 3.0 mg/kg SiO/Ag #l5HE = % b il 7 T
Wi i kA, HLWEit 3 d i, IR i R (s BE A 4k
SRR s XA A 9K ABHEE 10 pg/mL 55 T kAT
D) SE A i 25 B Pythium ultimum  F&9E05% 7 Mag-
naporthe grisea . iJH 14 | K7 # Botrytis cinerea Fl7K
e S0 s TR 55 L TR R A, E) A 2 25 U T 747 Ba-
cillus subtilis . [% %{ /% Azotobacter chrococcuum . #i¢
298 1A Rhizobium tropici, T 7 {1 ¥ g #T 54 P. syrin-
gae 1175 i i J 8 X. compestris pv. vesicatoria £
L R ) 5 T KA 39 i (100 pg/mL) A BE 58 4= il
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[ESEEARIER S
1.6 BREMKKIT

TR IEGN AN Bt — A sl 2 R e TR
1~100 nm R TG ER 2%, A0 dE B ol LB A AR A
A1 YKL A FRREGIKAT  ZREGIRAE A S5 M A
BAFIAH LR (Zhang et al., 2013) , IT4ER, 2%
W U e S A DK A RE BT T P RE T 5 5 1l ARl
(Servin et al., 2015) ., Ocsoy et al.(2013) 7E & Z=
55 T GO/AGNPs 44K 52 A AT - E5E955 B A 0
WO, 45 SR B GO/AGNPs ik 25 [ A1 7 it - S50 1)
I R, HOW i AR AR JCAE T 2 M . Wang et al.
(2014) 5% 5 R HE AN KA BEXT iR A Ralsto-
nia solanacearum MY4TEEAEH , 455 A I HLRE 44 K A5
FIVAE A A7 5505 X0 o D A 1) S T A FH o, 7E 150~
250 pg/mlL ¥ 55 31 [l P Sl 25 000 1 200 TR 0, 22 RE A
KA FE S A A A A SRR PT R TR Z T 4 XoF
i B Al LT JCAE T B 1 . Chen et al. (2013;
2014;2017) 58 T Sk 55 6 X 7K A5 1 il 40 o
X. oryzae pv. oryzae . {5 L TR I/ N A2 RE S
I X. campestris pv. undulosa ., 7 4 8 7K [K 4 R. sola-
nacearum A 4+ i JJ TR O AR 8 0 TR A= BRA AR 5
e AT PR AL , 235 SR A& BAIGR) i (250 pg/mL) 8 fk A1
S0 XTI 6 I I A R R L TR 34 2 IR A A
PRI, T T 80% 16 F- 15 A& , I 1F: Bt 4 4
b i R . A B R R AR R
b B0 — A0 TR A SR AR, i — 2075 3 TR AR 25 4 1)
ISR Wi B F, B4, s S L R 48 v AR D R P 1) F2 2 AL
#l(Chen et al.,2014;2017) .,

2 WRKZGFIMAK R H K

2.1 kR

YUORFEAR GAAHEE BT T AR AR 24575 L 4
I, BRI KA 2 TR ZG 9ROk A A, ok
2R R AR 2525 58 223 B R IR kL4 43
B A UTRURI AR T K B9 32 2= AR S AR 2R A8 1l s 43
ORI 2 5 T /K i Fe e BIAH IR R | Bl 2 LA b2
A2 B R A2 R A8 9 HLAR 25 43 3R 13U
IR, e BRAR 24 el FH i, DM /0 T AR 24 0 2205
YRR PE (Prasad et al., 2017) ., Cui et al.(2015) 1
BT LR GG AR 53 TR R v 35 S RS TR
HER N 217 nm, Py BERAL AP I 2 25 SR R %
YR A2 o ik RUE A A R I T
g2y, IR FE R T AL GeAe 247 B AR 45
iz i RIME A Bl o AR, R A8 e A R B A T e mT

TRV ML R i, AR T R AEY) R st
AR 2 5R B AR5 s . PIVE: 4255 (2006 ) LA
i ] RN S A AR B SR, K R AR AR R ], SR
R A kil 2 T 9k S bR 2, Of H
R AR L 5+ e B RN R S L A T
YK S A B R E PR AR 3 i e
SRS (2001) SR FHI AT 0T0E A il 4 T oK s CaT R
BRI R, 2 TR AR T A RS /K e B B
PERBIL I L /R 2, H AT SR LR TH AR,
A BRI ARERCR . H2, HETHFIE B Kk 25
FEHF A A& B 7] (Kah et al., 2013) , U1 Elek et
al.(2010) PR AL AR 24 TIN5 A 5 0 I L A
KA, il #RE AR R 200 nm R R, A 24 K e T
TR, B AR m 3 R A AT SR B4 ; Anjali
et al.(2010) 3 i (A M e IHCRE A KA %o i
JR W7 19 Spodoptera littoralis 2538 H 525 4 35 13k
N, SIEGEAR ML, PR BT PR EREIL
5 AL GE R SE AR X BUHE ZE L Culex quinquefasciatus
FI AL F o B (LCso) 9 0.715 mag/ L, T 7K 5 1 44 K
SR A 185 0T B0 PR Y LCso X A 0.117 mg/L, 5% Ht
PR
2.2 ERTHMKALRL

BRI BRI R 2 FIE A, — RN
KA T YRR, I —FloZ AR 25 53 F W e
Yk#R4A | (Kah et al.,2013)
221 HRERE

YK e B 2 H AR LS B S B B R
RUEE IR 2GR AR R T B A
Mo MR BUIRGK I B HAT WUZ BRES5 H8 BT 38310,
I [ AR K IR R B SRR AT,
HEEKRIN . KANER 2P ERWEER
B (amphotericin B, AMB) E. A5 )" i Hit b 11 FI /K %5
PR, C &) T YRR B ERG , E R EEAE
FRVRIL L 108 I TR A 440 b B 52 ) 81 B 55 . Pérez-de-
Luque et al.(2012) F| A K AR G 1L T #7158 AMB,
H5WNE  HEE 1 A-1(apoA-DBESTE LM =t
A AR R G, T = T K1, [R5
1R Z AP HAAAOEAR . XFHT A AMB Hit 18 P
FHR L, X 58 A Verticillium dahliae 1 V. albo -
atrum . 7% JH %% [ Colletotrichum acutatum . 7 &7 4
ftIp Botrytis fabae PR EEACH 0.1 pg/mL. i
¥ &I, JEWE T Cicer arietinum M- 5% 0.1 ug/mL
AMB 4K 4% 15 d Ji , HARR G AETE 2Rk 100%, T A
AT A AL B A AR AR 20T s Bt AL FE 21 d )5, 30%
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F14) J5 W 2 AR R AT At AT ] J i IR 5 H 2 7R
AMB X 7N A R 1 3 48 TSR R/ INZZ S A AN
) 1 A5 JiT 22 53 (Pérez-de-Luque et al., 2012) .

222 thk#Hk

H AT 2 AN K 2 AL 5 Z2£L SiO. 4Kk
F GIOKBRIRES F TIO A1 KA+, Qian et al.(2011)
F5E 22 B, 9K BT S R A5 (T (X 5 25 2 R (] 4
K22 ] KR = T R ARCE, BIR S KR
B & HI/E ] . Liu et al.(2006) il 45 1 ki4s o 80 nm
Z fL SiO 4 KL T, B X H X B R A8 Rk 3
36%, & Z M Be e, ixX AT fig 5 1 X B 2R WP AR
£ £ SO, 94 K K F Ay 7 B A ¢ . 1M Wen et al.
(2005) WFFE B, Z21L S0, 4 K hr 1%k Bl 4 14 25 114
15 BRI, 35 58.3% . AR AE (2009) K FHRELE
T KH-570 X S0, 40 Ky 2 i b A7 Bl ik, i
PS5 & B A W 245 B 248 B 2% 1 R R R 2 Rk e
B AR IR Y ST0. 4N KL 53 i R S Tl
B o, % BT Ak TR ZE Y B R R 13.98% 2 i
31.36%, [l Bf HLAT B0 I R R AURS , vl 48 R (1]
1580 ho REAKIMER R A0 il ¥ Bl 4 K
PR RO )2 A R A K
#o Ao etal.(2013)k HIZE LR 3-FNE = LA
ke (APTES) HALHEY | 38 1 7K fff A1 45 5 s v 1
BIR LR FEGURTIER B0 45 5 & 2SR —HEYN
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