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WHXRAD LD G ERGYh, SREAN AL InO-Ag AA-MHRIEWH P ZRB AR LY AR, W
HAVE R ZnO-Ag R E 3 I 3 7% 5200 pg » mL™' ZnO-Ag stm @ B L a4 £ 35k 91, 17% Az P ik
B(EC:)H 34. 15 pg e mL s AL EBEABAT. AKX T 12.5 pg+ g ' ZnO-Ag L AMHM L=, N EHF 0
EHEHRFRFRE DBHRK KD R LIHF TR TERTIFERTELEES THRACK A RM
) N EDE L REREFR TR RERT 12.5 pg+ g ' ZnO-Ag R BAW N EH G K/ G RRE
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Effect of ZnO-Ag Nanocomposites on the Seedlings
Growth of Wheat Infected by Bipolaris sorokiniana

GUO Aiying, XU Xiaoyue, YANG Xiaoni, QI Yanling, CAI Aijun
(College of Agronomy and Biotechnology, Hebei Normal University of
Science &. Technology, Qinhuangdao, Hebei 066004, China)

Abstract: To investigate the effect of nano-based antifungal agents on wheat root rot, ZnO-Ag nano-
composites were synthesized. For ZnO-Ag nanocomposites, their antifungal activity against Bipolaris
sorokiniana and the effect on the growth of wheat seedling were investigated using B. sorokiniana in-
oculated wheat(Jingdong 8) as a model plant through a pot experiment. The results showed that the
growth of B. sorokiniana was significantly inhibited by ZnO-Ag nanocomposites, and the inhibitory
effect of the nanocomposites was increased with the increase of concentration. The inhibition rate of
200 mg * mL ' ZnO-Ag nanocomposite was up to 91.17% and EC;, was 34. 15 mg *« mL~'. When the
wheat plants were treated with B. sorokiniana in the presence of ZnO-Ag nanocomposites (>12. 5
pg* g ') in soil, the germination vigor and germination rate of wheat seeds, the wheat root length,
seedling height, fresh and dry weight of above ground part, fresh and dry weight of under ground part
were significantly higher than those of control group(without nanocomposites), but the incidence of

wheat seedlings was significantly lower than that in control group. When the wheat seedlings were
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treated with the concentration of ZnO-Ag nanocomposites higher than 12.5 pg + g

', their ratio of

root length to seedling height and the root-shoot ratio were significantly decreased, compared with

those of control group. In summary, ZnO-Ag nanocomposites effectively inhibited the growth of B.

sorokiniana in soil, promoted the germination of wheat seeds and seedling growth, and reduced the

seedling incidence. The results provide a theoretical basis for the prevention and control of wheat root

rot by ZnO-Ag nanocomposites.

Key words: Bipolaris sorokiniana; Zn(O-Ag nanocomposites; Wheat; Seed germination; Seedling

growth

AN SR A B A LR )T R R AR
T AR AR A R A AL R
HHARARGA &, HAE K b 5 52 3 2 Fioil
FWEE S HOT R ARE N R 22 b AL
FIL A E L A ME A 48 (Bipolaris so-
rokiniana) Je—FRERS = Yt /N A 1 B2 4 A% it
BRI R | R T A /D 22 AN i I T
A R BN Bl T R 2 R R R AR
M- R 1R B8 g S5 A L 3 B0/ 22 R M, 7
IO S 50 2610 . /N2 AR AE T L R
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AR XN B A A 7 O™ U

FIRI /N2 MR8 0 79 B 1 32 22 LAk~ 2450 Ak
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WIBisia S A . A 245 b PR T RE 5 AT Rk R
B 3 R R LR ER U A 5 B3 A 5 20
JECBRDXE 24 790 7 A PP L R - S R A e v -
W R TR S Y R AR R AR S A X
SAT 5 R A 5 A A T A 2 e A1 S TP AT
JEUTR A A7 220 R IO i R B A /N 22 AR R
W U A B E TAER ALK, T HL AR A
AL R AR R B DO BE e e AR B
AR I R G IS T G A VR o 4 S - o
B E L AR LA R, A
Tl A=y 7 BHLRE T 2% » ELAE B B8 AT 5 1) 4 XfE LR
R o DRI S /) 22 A8 9 B 36 A7) e — A
LA fiff DR PR A

UL JLAR B 2R B A A8 9 KT R A4 R
BLis iAo 51 Gt 25 A H L 4 oK B R B AT
LA AT A G S P SRR AR B
R AR A BE ST I . AT BT R UL AOR R
22 2 T L LT R S iU E A iR B A o A L R
— b RAF R TCHLIT B AR . Mishra S50 5% H
A=W A LR K BRORE T RE A A )/ 22 i B Bl
22 RRJEE T o0 A 01 ) B o AR /N 22 A R R 2

PG JLZ . Mishra fil Singh™ 1 #F 5% & B, 40 2K
BRTEAR R BE O W E N ER R Z A K.
ZRBEBRAE R AL A 3 T A 0 4N K AR RE 6%
IR /N 22 o5 B 8 T 58 B M AR AR . Al
L SR FH A K B IO G AN K AR B R X B R
Ty 5 00 7S b 2 AR 9 B o B A B RE ) L RE S
PEEAE YA I R . 2016 4F BRI I8 461 SR i e
H 4 %7k A R A 8 -0 K A R, 40 68
pg s mL Tt YR R I AR 41 R A Hik T TR 43 A B
SRl K =R N i R R RO L e = 1
S5 R G B 0T A A 0 TR o A AR B R RN
W22 A K B W R (H 2 O T 94 oK 4R X
RS T A A KW A2 0,
ABIE5E LA Ag B it Sy A 5 Al ) 4 A8 K ZnO-
Ag BAHMBHLEIE ZnO-Ag XF MR JE % B & R
TGP 30 o 2R i, 7 R S /N 2 AR T R O
T E DK ZnO-Ag KA BRI 22 Tl
G A=K B2 e B AE S /N 22 AR TE e i ) B
HIEH S %N ZnO-Ag #Y N TR IR AR .

1 M5 &

1.1 & #
111 XAk ARA

A 5T BT FH 22 M3 8 B 1% 0 i (B, sorokini-
ana) » H RO B 27 BE VR PR 27 BF 55 T A 0 35
EHFE M OREE, PDA BAR; IR 5 AR 45 %
200 g, P L B VIR, MK 1 000 mL & W 30
min. & T 8 5 A B A A 20 g, 3R 20 g, &E
2% 1000 mL,121 ‘C KK 30 min, % .

1.1.2 #REA L3R

BB BT AR 8 /N7 R IR bR 4 U 7 2 B A
WA A EOR IR RO, MR
3% H,0, 2 10 min, JCH K IEVE 3 . K Fl
T T IR, 12 h 5 % BOBURL i 36 F 1
25 o AR I bR R O 2 B K 5
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TR TR RECKE R 121 CLKHE 1 h, R
KATREAFTE M A Dy A+, B T & . EH 3
W B 2, FONR 9 em, R N2
7 em, i 7.5 em, TR EZARKEM T 121 'CL, K
B 15 min. & /.

1.2 7 &

1.2.1 %k ZnO-Ag 8 &4 a8 4 &

K AR DR A AN KA RL . LA i
AR 5T B ) A AR R 2 B K R T
BT 2% (/v IR BB e 6 h, AT
KIBVRIE R T 2% C v/v) 1R R 1A W
hLol2 h lE EE FKEVE. ¥R E T 100 mL
WA Zn(NO;), (0. 08 M) FI AgNO, (0. 06 M) ¥
WP .60 CORUE 72 hy #ut RoKBER T, & F
Db 500 C A 2 ho BFRREIAS . I X-5¢
AT H (X-ray diffraction, XRD) 1% & B, F & %
%% (transmission electron microscopy, TEM) X}
WAL 143 FIE S 6474347
1.2.2 NERBHGELE R

W PR TR /1N 22 AR BRI A T PDA [ A
BigedE b, 28 CHiFR 4~5 4 HATAL BB E 2 N
6 mm 1 & Yf 5% 3 T #7 9 PDA [ i 85 5% 3
28 CHE SR o D 22 Bl - MRS B T 4 °C vk AR ff
7.5
1.2.3 AR ZnO-Ag oMM D EREAR
22 Jp ) R By T

R HBR 228 Ko ekl . HAK D B T
ZM T HKEE PAD 8532 5 B AK ZnO-Ag
AR RE, 2O BE 4y 1A 12, 5.25.50, 100, 200
pg e mLTU URI ZnO-Ag #4815 357 56 O Xt
B, AR —FERLN 6 mm 1Y/ EE U
PR FSREA 0, 28 O R R B Ak PR
HA 3 W F 0T G VR O MR R LR G R TR
MR B A SOk I R s AR TR TR 24
KA 3R, B 22 KM 3 = O BBV 5% —
AEHE R IE EAA) /B EER —0.6 cm)

1.2.4 AR ZnO-Ag A6 MH D 2R BRA
BETINEDGERZEGRE

FFR I S 2 o I A S O vk . F 2019
A7 3 T v A AE T AU R B U 2 B A A A B S A
BRSO % S, KB 5 AR P e AR 1 1
45 500 g, 4K ZnO-Ag B A # R ICH K
e A ALFE 30 min, BAEIFRANIA 50 mL A[A]
W RER) ZnO-Ag &4 MRHE W, A - 58 v bf R ¢

W5 12, 5.25.50,100.200 pg » g ' HEA
W 5 WEE L IEMA 50 mL BHK, % ERE
6 mm [ /NFEAE R DR 4 AT A+
1,295 cm ¥,28 CHEFR 1 MR e 0 A K
Z IR B A RGN 12 B, 2 3 em L TR 5E
PR R, MBI E AR 14 ho22 C, KK
10 h 18 °C, M X BE 80 %, 4 K Afi FH JC 1 7K T
B de R/ N IE R AR,
1.2.5 MZF|A

INZZRERN G A 3 R K 2T d e R 3
o, A 21 d KA TR G AR
e AE 4B R R 4B R e B A AR R AR
(GNP AN A G N - L | R
Yy LAt 25 AR A E Sy T L L R A A, A
Sl ) e MR R R 2 L B o i RS TEAR R 85 °C
P2 EE IR AR

RAFF =T 3 d & HFFF 28/ R R
<100 %

RFFR =T d K ZF M5 R B/ L R 5 kL
<100 %

W KRR = ORI & 7 80+ &om 4h i
O /At Rl 1 %< 100 %

HR I b = 4~ &R 4+ 8/ R TE
1.3 HiEsmE

K Excel 2017 #E47 8045 H A4 KL R A
SPSS 22. 0 ¥4 #4750 % Ty 25 47 B A LSD &
FMERL (P <<0.05),

2 HREAM

2.1 #k ZnO-Ag EAMHHRIE

I A 3 R 7 W A5 B A K ZnO-Ag B A
MR B A ik, XRD 20T B3 (- 1A SR
RARBLE , R MRS . B 1A BRI
* 9k ZnO fi7 5 06, 20 {8 78 31. 68°, 34. 32°,
36.16°,47.44°.56. 50°,62. 76°F1 67. 86°4k , 5 5
#EF (JCPDS No. 36-1451)% | (100), (002) .
(101),(102) . (110) . (103) FIC112) & 1 JIF XF 197 )
20 (HEEA—F, B 1A bR £ BO6aE 20 {8, W/
BN RAK X B Ag B DU AN S E (111D (200) .
(2200 F1(311) . ix 5 Ag Mhr i E % K A (JCPDS
No. 04-0783) ¥l W) &%), TEM %5 (H 1B) %
3 B A 30 R 1) 98 K J2 R 45 4, SF- 35 S50k B
24 30 ~ 50 nm, & 5¢ B S B ON B

(high-resolution transmission electron microsco-
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py, HRTEM) 25 3881, 4% [ BE A 0. 26 nm X
R ZnO BYC002) fHTa , A& A1 A 0. 23 nm X

A . 700

#Ag

P l .
s \ [

i [
IV V1V N I O W Y W'

HA X} 38 B Relative intensity/a.u.

20 30 40 50 60 70 80
7 5t f4 Diffraction angle/2 6

N Ag 111§ i e Al g — 2 0 E L AR
¥h ZnO 5 Ag WE G114,

B 1 #iK ZnO-Ag E & RA) XRD T £+ (A) .TEM E (B) 1 HRTEM & (C)
Fig.1 XRD patterns(A), TEM image(B) and HRTEM image(C) of ZnO-Ag nanocomposites

2.2 XK ZnO-Ag EEM RN E R

& 1 Al HL 98K ZnO-Ag & & 4 BHRE G 10
il 7N 22 ARLRE TR T 22 1 A G TR 22 AR A T 3 B A
Bk B B T i 3 K, 200 pg + mL ! ZnO-Ag X}
P TR TR 22 AR KA R s 91. 17V NFIVREE R

B AR T A 905 TR T 22 A A I AR ) 22 S 4
(P<C0.05), 41Kk ZnO-Ag Xt B A9 7 1 [0 53 )7
Bl y=2.581 8§+ 1. 577 1z, EC;, = 34. 15
pg e mL LU ZnO-Ag B & 8RR N EZ RS
o T ) A0 A A B

R1 MK ZInO-Ag EEMBNNNERBEEELERTM

Table 1 Effect of ZnO-Ag nanocomposites on growth of Biploaris sorokiniana

i P 51 ) . 95 % B {51
Concentration/ Inhibition Regression equation r? Cug + °OI -1y 95% confidence
(pg» mL™D rate/ % of toxicity pg* mi interval/ %

12.5 27.73740. 66e

25 41.3441.49d

50 54.78=+1.29¢ y=2.581 8+1.577 1la 0.987 5 34. 15 28.23~41. 30
100 74.03=+0.23b

200 91.1742.69a

(7] 910 B8 I A [ B 7 Ak B ) 22 S g 25 (P <C0. 05) . R Il

Different letters following data within same column mean significant difference among treatments at 0. 05 level. The same in table 2.

2.3 PK ZInO-Ag EEHMBMREFTEHELT
INETMFHEZNE M

M35 2 WAL BEE IR A0k ZnO-Ag B G
AR BE BN /N 22 T 7 1Y) ke 2R ORI R 2R %
Wit e, 12.5 pg g ' ZnO-Ag A BRHY/NE R 7
RAF G X IR 3 22 S, A ok B b BRLAH K 2
Pl E TR (P <<0.05), 200 pg + g ' ZnO-Ag
W NER T REFHRE F R T 12, 5,25,
50 pg e g AL, 5 100 pg e g P ALFRA L R
FHZESL M ZnO-Ag WIE K 25.50,100 pg + g '
B NEFFREFR LN EZR. NFEWKE
ZnO-Ag REBR /N T 7 2F R B 3 & T X
M, 12.5 pg+ g ' ZnO-Ag AbFRf/NE & 2F R g

AR T At v B Ak B, Wk BE R 25.50,100, 200
pgeg ' HEEE RN EESR.
2.4 Pk ZInO-Ag EEHMBMRBEBTEELT
INEHEEKBF T
2.4.1 s ESHGFR KRS A

& 2A & 2B AT AL ZnO-Ag B &k R b
(R /INZ2 i AR R B i 1 B 3 R TR IR (P <
0.05), HE 2A A[HI, 28 50 pg » g 'ZnO-Ag b
BRI G R B i, 30 9. 88 em ), B
T H Al 4 B ZnO-Ag W S 25, 100 . 200
pgeg PN ESHREK EES T 12,5
pg e g AL B, ET A R R AL PR RO W 25
(P<C0.05) , 1 E2BA[ 1,50 pg « g ' ZnO-Aghb i
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Table 2 Effect of ZnO-Ag nanocomposites

on germination of wheat seeds %
Concentration/ Germination Germination
(pgeg bH vigor rate
0 8.33%3.73¢ 11. 67£2. 0dc
12.5 21.67+5.65¢ 31.67+4.86b
25 28.3344.25b 88.3344. 24a
50 36.67+6.77b 93.33+4.08a
100 58.3345. 89ab 95.00+2. 33a
200 71.67%4. 25a 96.67+2. 04a
12
A
a
10} b
b
—F b
E —E— 2
g 8r
@ B
=
o 6
%5
20 c
g af
—
2F d
0 | | 1 1 1 1 1 J
0 12.5 25 50 100 200

R B

Nanocomposites concentration/(ug * )
PEURE 1= AN [R] 7 8 37 b P 22 53 8 35 (P <C0. 05) . Rl

(9 /1N 22 &)y ¥ bk v B e, P30 20013 em, B
F12.5.25 pg =g ' AL, 5 100,200 pg g !
W P A FR A T 2 2 5 (P<<0.05)

M8 3 Al B G T 9K ZnO-Ag H &
R BE 0 T s DA/ BR R B WA, 12,5
pge g ' ZnO-Ag Wb /NZ AR K /MR E S
Xof BB TG i 3 22 S o At vk B35 Ak B 1K T 0 R
H(P<C0.05), N 25.50,100,200 pg+ g !
ZnO-Ag AR /N 22 ) 1 1 AR/ 0k s 80T BE 40
SRR T 18.9% .18, 3% .21. 6 % 1 24. 8% , 4%
e b [B) G 2 25 5 (P<<0. 05)

25 B
a
E) 20} —— —g— _%_
%)
£ b
= 15f ==
2 8
g(ﬁ‘g 10} .
=
2
2 [ 4
0 |_-| L 1 1 L 1 J
0 12.5 25 50 100 200

R BE

Nanocomposites concentration/(ug * g7)

Different letters above columns mean significant difference among treatment at 0. 05 level. The same in figures 3—6.
B2 49K ZnO-Ag EEH R MZRKMNERT KL
Fig. 2 Effect of ZnO-Ag nanocomposites on the length of wheat root and the height of wheat seedlings

0.7 -

0.6 -_:L?-_ _:';1:_
0.5 F T

N
=]
1]

0.4 +
0.3 |

R/ B

Root length/seedling height

0.2
0.1 }

0 1 1 Il Il L J
0 125 25 50 100 200

R B
Nanocomposites concentration/(pg * g~')

B3 41K ZnO-Ag EE M BI/NERK/HRS B0
Fig.3 Effect of ZnO-Ag nanocomposites on the ratio

of wheat root length and seedling height

2.4.2 s EY G TRTFEHY

M 4A AC AT Bl G R 4K ZnO-Ag
S OB BE I TR L /N A R AR T
2 A, B WS T X AR (P <<0. 05) .,

200 pg » g 'ZnO-Ag Ab B /N 22 4 P Hh R 5B £
0T R T AR B AL A B B Sy
WITFE 8. 93 Ml 8. 37 £ ZnO-Ag ¥ E N 50 Al
100 pg « g ' AL /NZZ 4 ¥ b T A R L TR
¥R E 2R (P<<0.05), MK 4B.4D Al Hl. A
[F e B2 94 K ZnO-Ag & G b RHAE B /N2 4 i
Hby bR T A R T B4, 12, 5,25,
50,100,200 pg + g ' ZnO-Ag Zb B[ /N 22 47
S i A o R A3 ) T 2. 47.8.39.24. 90,
23. 15 F11 29. 62 4% , T H BT 4L 53 5 55 2. 16,
4.14.7.22, 7.36 1 9. 05 f%, ZnO-Ag E X
50 F1 100 pg + g ' AL FRIE]/NZZ 2 1 Mo b 350 ff 5
TEWLTREES. Kk L HE 25 B E
(P<C0.05, 4B.4D),
2.4.3 s ELHARG T h

FH & 5 AT, 556 RERE L, - R S ek B Ry
12.5 pg* g 'ZnO-Ag E A ¥ BHE B /N2 4
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% X £ B = W 540 B

W 2% T, W 25.50,100,200 pg + g ! 1. 35, 8%t R 2H T 28. 6 %0, HAB MR 4 ZnO-Ag
ZnO-Ag Zb F 4 W # L (P <<0. 05), 12.5 Qb R /INAZ 4 VAR e B T 1. 0, Ho 4% Hk R A
pgeg ' ZnO-Ag 4b B N 4B R R B R] G 8 % 25 5% (P <C0. 05) .,

Rt Root-shoot ratio
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B4 SKkHK ZnO-Ag EAM RN ELHE R TR EHHE FTEORM
Fig. 4 Effect of ZnO-Ag nanocomposites on the weight of wheat root and shoot
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] 90 _
b 2 80t b
on
1.00F[ ] c E 70 |
c  ° ¢ 5 60 b c
g3 c
4&& 50 c
0.50} g 40|
' Re 30}
9
S 20 f
= N
O 1 1 1 1 1 J lg
1 1 1 1 1 J
0 125 1;5*4%5; 100 200 0 125 25 50 100 200
. ‘ . - 4 R
1
Nanocomposites concentration/(ug * 8 ) Nanocomposites concentration/(ug * g~')
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Fig.5 Effect of ZnO-Ag nanocomposites 6 MK ZInO-Ag EEHMMMNEDYHERENH M

on the root-shoot ratio of wheat Fig. 6 Effect of ZnO-Ag nanocomposites on

the incidence of wheat seedling

2.5 MR InO-Ag EEMPMNRBEBTEERET

INE &
i

ERAES:EAl) ek b B 14 /N 22 B T R o5 X IR AL L TG B 22
516 TT1, B ZnO-Ag A MBMERIE  5.(P<<0.05),1fi 25.50,100,200 pg » g ' ZnO-

TN Gy T KA AW TR 12,5 e e @ PR g b L I ARG X RAL S ) M T
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16.67% . 40. 00% . 46. 67% &1 48. 33% ., 25
pg e g ' ZnO-Ag BRI/ NEZ I RIRR B E S
F 50,100,200 pg + g ' MEHEHA , ZnO-Ag ¥
JE 4 50,100,200 pg + mL ' 4b B A] G B 2% %
(P<C0.05),
3 3t #

P T J B A AR S 0 0 Ak 2 2 0 A P L 18
FRARM A= 77 Ak 2% 24 50 1 i FH e B B Ok i vy L
SO P95 T B X R B TR B b R R R AR TS K
IR 2 o 33 ol B 80 0] 2 18K B D K L ™ B U AR
YEP A= 7 . 3 LA [ N AP BIF 53 38 44 40 K B R i
FHAEE P 3 Bl 1 b R A R e A A W s T
RE TR,

AR Ak ZnO-Ag 54 W EHE B %
T /0N 22 M8 B A 22 1 A K, A 2 B R
BV, 200 pg » mL 'ZnO-Ag & & # R R E
I T B 22 A K ARG 91, 17 %, ECy, R 34, 15
pg e mL ', Mishra S&M R F A 90 3% & 0 44
KAWL R 10 pg » mL " B, 0] 30 /0N 22 4R 8 1A
YR 50,05 mg » mL ! AANKER B
T R P 22 K MR BESH 0.1 mg » mLT! BFSE
SR A T 2 A AR BB AR & 1 g
KEMRIE R 10 pg » mL—" I, X /N2 2R 5 T4 T
R M Rk 90% . ERZEES KM, 0.8
mg * mL 7 g0k ZnO XK BOR B 8 21 8 I 49
BT AT 22 A KA R A 3R 778 V0 R 74,304
M ZnO WEHN 2.4 mg » mL ™" B, X 32 55 U 5 22
HRHEE R 76. 7% . Yehia 1 Ahmed™" #F 5%
BRI RLAE A 70415 nm B ZnO 44K K 1 vk
12 mg« L' BF, XA U8 TR MY B H &A1Y
P22 A KD R A 3k 8] 77 % 100% ., AL,
TEAE Y 718 75 18 » ZnO 94 K RL 7 R 44 2K ki
TR R AT BB M RE T S A W AR R
BEHT 75

Tl =~ B i R4l 1 A= K B B AE P8R S 3
35 AR A ) BBURR Y B A ROIRAS LY W AR ) S
SR ME T . MRIERE R A A LRR S BT/
TR R W /INAE 4 AR, T EL™ T S
ANZE PR R AR SE A5 R R A
Bl AR BRI 0L R £ A ZnO-
Ag BAMEENEF T 1 K ZF M E R N
ST AR R b AR T R S A
AT 5 X R ALAH 3 R )RR T N2

L1 KRR X T N 2 AR E R G R
FHEE B B AL 36T /N 22 B e s e — 30000 AR5
SR UL Ak ZnO-Ag & 4 bR RE 6% 10 ) 1- 1%
Hh /N B T A I AR R /N 22 b Ok &) v
AR REARANZE L B R R

AR B W WCE FFY P EE A, 115
Hh g SR W Y AT R R SRR AR ) Ak Y B
) ) R TR v AT LS A A A A 0 B3 g
AP IR RE Ty, R R AR ) [ Ak B IR 43 T A —
PR B RIS T Can T R aa ) m A R
AeRr A AF AR FR AR R AR A W 1 R B KL AR GE
Fem ) o AR 4 R W, A 9 32 b AR T o5 o 1
DL S BEE 9K ZnO-Ag 55 BB BE B9 3
INZZ BT AR A /R B AR . X AT BB R A AR
g TR A2 T o R B 2H /)N 22 3 Ao 3 AR Y A K R
TG T 1 3 T AL AL b ZnO-Ag 3] T B AR
K 0 TR AR A A o P s L R AR/ Bk
BEAR. /NE 4R b & b ZnO-Ag 4b
B i i T 5 e T S AR B, X AT RE
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K ZnO-Ag 56 B OBHRE A R ) /s 22 48 i T
A AR /N A2 B TR AR G N L RE B8 3 o 410 7 T
W 22 R A AR /N B R AR A BRI
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TR A PN 7 AR R o 3 R 4R R B (reactive oxy-
gen species, ROS) & #L il A% B 2l 9 il 15 & 4
U B A AR AT 00 1 /0 22 KR 5 T



- 864 - % %K

£ 9

%40 &

EE

2R RTERE . BSANKER R T TE AR AL
ﬁﬂﬁﬁ%iﬁm%wu&%é%ﬁﬁiﬁﬁ
W REHm i — ST,

S E Wk

CLTB) A B 0T, EEM, 5 /N A M S R TR )] AR
i ,2018(4) : 1.
ZHAO G C,CHANG X H,WANG D M,et al. General situa-
tion and development of wheat production [J]. Crops, 2018
(4 :1.

L2 35Kk 1, SR 2210, 45 A W) BILAE X /N 22 AR 9 1) Bl %50 2%
HALMYIRT ], Z AW R 2019.39(9) : 1132,
LIU P,ZHANG B.QI J S,et al. Preliminary study on control
effect and mechanism of bioorganic fertilizers on wheat root
[J]. Journal of Triticeae Crops,2019,39(9):1132,

(3BT, X A, TE W, 45, AS [ 24 30 b e /)N 22 A8 97 0 £ 4
2 U Y B LT ] M 0 B2 4, 2018,48(5) 1 693.
CHIY K,ZHAO W, WANG T, et al. Efficacy of different
seed dressing agents against wheat root rot and cereal cyst
nematode diseases [J]. Acta Phytopathologica Sinica ,2018,
48(5) :693.

C4JBEWIE 22t ARl 4B 95 B2 (ML b a0 BE 27 i AL,
2014:68-70.
HOU M S,HUANG ] B. Agricultural plant pathology [ M].
Beijing: Science Press,2014 : 68-70.

(50200 L, 22 5. /N 22 AR s 1 K A ML R B va e AR LD, vl g
gl B2 ,2003(5) :58.
LI K F,YUAN F. Occurrence regularity and control technolo-
gy of wheat root rot [J]. Journal of Henan Agricultural Sci-
ences ,2003(5) :58.

[6]% ﬁ?ﬂﬁfﬁhﬂi/fiﬁf‘r% T R X /N 22 AR S 5 s R K

Az L] ], I AR AR5 ,2017,49(4) 96.

LI Y,ZHANG Y F,LIN H T,et al. Effects of wood vinegar
on pathogenic bacteria of wheat root rot disease and wheat
germination [ J]. Shandong Agricultural Sciences, 2017, 49
(4):96.

CTIXVIEBE, 77, 22, 55 /IS AR A1 68 8 B L A ) & oy
PRI ELT ], AR 2242002, 17(2) <44,
LIU Z P,WANG L X,LI R X,et al. Identification and biologi-
cal character test of wheat common rot pathogen []J]. Acta
Agriculturae Boreali-Sinica ,2002,17(2) :44.

[81Z=3E My, ¥, A WIRE. /N2 AR 995 By i BF o sk S LT . ol vl R
Ho2F B2 R CH AR AR . 2016, 44(3) : 26.
LI Z L.WANG H,SHI M W. Progress on studies of preven-
tion and control of wheat root rot disease [J]. Journal of
Henan Institute of Science and Technology (Natural Science
Edition) ,2016,44(3) : 26.

COJIME S, %2 hr 2, TR/ L 55 R [R) ol 42k #3590 X /) 2 4 ol i 1
B iR st R (], 42 32 4, 2008, 28(4) 1 709.
SUN B J,YUAN H X,XING X P,ez al. Control effect of dif-
ferent seed treatments to wheat take-all [J]. Journal of Trit-

iceae Crops,2018,28(4) :709.

(105 Bk, Ty AR o , 38 55 0, 5. 5 Fh R A 50 B ¥4 /)
i WAL, A R, 2014,40(4) £ 171,
BIQ Y.MA Z Q,HAN X Y.et al. Control effect of five

VR

kinds of seed coating formulations on soil-borne diseases in
wheat [J]. Plant Protection ,2014,40(4) :171.

[11]?@1(?( W SCEE 1) 3k 5% 5 R R PR B AR R A

HRAR B E R B m ], N RS R,

2012,23(1):125.
YONG T W,YANG W Y,.XIANG D B,et al. Effects of dif-
ferent cropping modes on crop root growth,yield,and rhizo-
sphere soil microbes’ number [J]. Chinese Journal of Ap-
plied Ecology »2012,23(1) ;125.

[12JCONNER R L,DUCZEK L J,KOZUB G C,et al. Influence
of crop rotation on common root rot of wheat and barley
[J]. Canadian Journal of Plant Pathology.1996,18(3):
247.

[13]JJOSHI A K,ORTIZ-FERRARA G.,CROSSA J.et al. Com-
bining superior agronomic performance and terminal heat
tolerance with resistance to spot blotch(Bipolaris sorokini-
ana) of wheat in the warm humid Gangetic Plains of South
Asia [J]. Field Crops Research ,2007,103(1) ;53.

CLA W Ha 0 88 A2 X /0N 22 AR 9 T 388 1% 2 M P 43 A B o AR 47 0

PSR LD KBIN 3f f Rll K 2, 2016:3-7.
HU Y F. The genetic diversity analysis on pathogen of wheat
common root rot and the resistance of wheat cultivars in the
Huanghuai flood plain of China [D]. Zhengzhou: Henan Ag-
ricultural University,2016.:3-7.

LIS, 38 T @ 4 Fh, 45, AR 285 5 JIE By 4 /0N 22 AR o &R

Xf b A RS S AL Sy BT () ). AL AR B 24 . 2015, 42(4)
504,
LIU H H,DONG N Y,CHALI S,et al. Effects of eco-char on
controlling wheat root-rot and the mechanism of renovating
soil health [J]. Journal of Plant Protection,2015,42(4) .
504,

L16]sk 1,0 3¢ 5KBame o 45 TLAR AR H i) 700 %8 /0N 22 48 995 o 109 7
DT 22 RAEH %41, 2018, 38(3) : 366.

ZHANG B, LIU P,ZHANG Y L,et al. Toxicity of several
biological agents to wheat root rot [ J]. Journal of Triticeae
Crops,2018,38(3) :366.

[17]JAHMED S, AHMAD M, SWAMI B L,et al. A review on
plants extract mediated synthesis of silver ZnO-Ag nano-
composites for antimicrobial applications: A green expertise
[JJ. Journal of Advanced Research 2016,7(1);17.

[18]MISHRA S,SINGH B R,SINGH A,et al. Biofabricated sil-
ver ZnO-Ag nanocomposites act as a strong fungicide against
Bipolaris sorokiniana causing spot blotch disease in wheat
[J]. PLos One+2014,9(5) :¢97881.

[19JMISHRA S,SINGH H B. Silver nanoparticles mediated al-
tered gene expression of melanin biosynthesis genes in Bipo-
laris sorokiniana []]. Microbiological Research ,2015,172;
16.

(2023538 X DL 12, #1155, A0 K AR T /N 22 % 25 993 7 A 400 41



507

R AR ZnO-Ag A BHRUE/IN 22 MBI B AR UL T /D 2 4 AL K B2 R .+ 865 -«

(1. 29 AR, 2017, 33(4) 1 620.

LI Q Q,ZHAO Y H,GAO L,et al. Inhibition of Fusarium
graminearum by silver ZnO-Ag nanocomposites [ J]. Chi-
nese Journal of Biotechnology ,2017,33(4) :620.

[21JALI M.KIM B.BELFIELD K D.et al. Inhibition of Phyto-
phthora parasitica and P. capsici by silver ZnO-Ag nano-
composites synthesized using aqueous extract of Artemisia
absinthium [1]. Phytopathology »2015,105(9) ; 1183.

[22]JCHEN J N,SUN L,CHENG Y.,et al. Graphene oxide-silver
nanocomposite: Novel agricultural antifungal agent against
Fusarium graminearum for crop disease prevention [ J].
ACS Applied Materials & Interfaces 2016,8(36) :24057.

[23]ZHANG S S,ZHU W J,WANG B,et al. Secondary metabo-
lites from the invasive Solidago Canadensis 1. accumulation
in soil and contribution to inhibition of soil pathogen Pythi-
wum ultimum [J]. Applied Soil Ecology,2011,48(3) :280.

[24]AZ1Z1 S.MOHAMAD R,RAHIM R A.et al. ZnO-Ag core
shell nanocomposite formed by green method using essential
oil of wild ginger and their bactericidal and cytotoxic effects
[J]. Applied Surface Science ,2016,384:517.

[25JHUANG P,LIN J,Li Z M,et al. A general strategy for me-
tallic nanocrystals synthesis in organic medium []J]. Chemi-
cal Communications s2010,46:4800.

[26]CATAJ,GUO A Y,DU L Q,et al. Leaf-templated synthesis
of hierarchical AgCl-Ag-ZnO composites with enhanced visi-
ble-light photocatalytic activity [ J 1. Materials Research Bul-
letin ,2018,103:225.

[27JHUANG L J,WANG Y X, TANG J G.et al. Preparation of
graphene/ silver nanohybrid composite with good surface-en-
hanced Raman scattering characteristics [ ]]. International
Journal of Electrochemical Science ,2016,11:398.

[28] IMFELD G, VUILLEUMIER S. Measuring the effects of
pesticides on bacterial communities in soil: A critical review
[J]. European Journal of Soil Biology.2012,49.22.

[29]WRIB R B8 B 440 07 55 9 R BORLEAE W 3 B 45 b i T
B WF 5k R D). MW PR 972441, 2019, 46 (1) 142,

CHEN J N,CAI L,LI S L,et al. Progress in application of
nanotechnology on plant diseases management in agriculture
[J]. Journal of Plant Protection,2019,46(1):142.

[30]FE % i 72, BEAR TN , 45, 2 K S0 10 Bt iR 3 2 80% = 1)
BEPERFFEL) . £ hh Tolk B, 2016,37(4) 356,

WANG H J,LU J,XUE H L,et al. The inhibitory effects of
zinc oxide nanoparticles treatment on the important patho-
genic fungi causing post harvest disease in muskmelon [J].

Science and Technology of Food Industry, 2016, 37 (4):

356.

[31JYEHIA R S.AHMED O F. In vitro study of the antifungal
efficacy of zinc oxide nanoparticles against Fusarium oxys-
porum and Penicilium expansum [J]. African Journal of
Microbiology Research »2013,7(19) ;1917

[32]m AR, 5k 2. B K, 45 TR R B 38 T B X 4 /N2 Fl 8 R 1Y
ML), 2 AR Y2 4. 2008, 28(1) : 129,

GAO L L,ZHANG C,QIU L,et al. Effects of lanthanum on
germination of winter wheat seeds under acid rain stress [J].
Journal of Triticeae Crops2008,28(1):129.

[33]24p4F, T W5 JEAN YA B HPFI3 X/ 22 4 1luis 19 A= B

PER LI YL 2441 . 2016,32( 2) 285,
JIANG N H,DING T. Biocontrol effect of endophytic fungus
HPF]J3 from Magnolia officinalis on wheat take-all disease
[J]. Jiangsu Journal. of Agriculture and Science ,2016,32
(2) :285.

(34057 7% . /INAE PO A 40 T X /DN 22 4 o 8 2 4 B VA 9 LD, 1
B LA PR} 4 R 2. 2006 :32-36.

QIAQO H P. Biological control of take-all disease of wheat by
endophytic bacteria [ D]. Yangling: Northwest A&.F Univer-
sity» 2006 :32-36.

(3500 B8, o 700, BAOPR. 45, 75 96 W1 15 0 7K 43 1 BE R b AR

HATEAR R LT]. T 5 X AL BF 58, 2014,32(3)
202.
CHEN J,CAO J J.WEI Y L,et al. Primary study on the al-
location pattern of grassland biomass under soil water gradi-
ent of bird island in Qinghai lake [J]. Agricultural Research
in the Arid Areas,2014,32(3):202.

[36]FEF ¥, LB T T 5 Bhia T & 30 A [ 5 B 5/ 2 AR R
W IR WP (1], 22 4B 42, 2017, 37(6) - 820.
WANG X B,SHANGGUAN Z P. Effect of nitrogen on root
vigor and growth in different genotypes of wheat under
drought stress [J]. Journal of Triticeae Crops. 2017, 37
(6):820.

(37X AR Sk A 0. SA B Fhox £h Bih 38 T /N 22 #0785 & R4l it AR

KEsZm L], AR5, 2017,21(3) < 244,
LIU Y D.ZHANG C F. Effects of seed pre-soaking with sali-
cylic acid on seed germination and seedling growth of wheat
under salt stress [J]. Life Science Research,2017,21(3):
244.

[38JMARAMBIO-JONES C,HOEK E M V. A review of the an-
tibacterial effects of silver nanomaterials and potential impli-
cations for human health and the environment [J]. Journal

of Nanoparticle Research ,2010,12(5):1531.



