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SMBREIRAOCR MAERE . iR E DR AR 5T 1IN [F K402k Zn0 (0,500,1000,2000,3000 mg/kg) Fl4E R
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Effect of ZnO nanoparticles and inoculation with arbuscular mycorrhizal fungus

on growth and nutrient uptake of soybean
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Abstract: ZnO nanoparticles ( NPs) are widely used in cosmetics, personal care products, paints, electronic devices,
catalysts, anti-microbial agents, etc. These compounds enter aquatic and terrestrial environments and the atmosphere
through direct application, accidental release, contaminated soil/sediments, or atmospheric fallouts. Increasing attention
has been directed toward their environmental fate and behavior, and especially their biological effects on crops and
microorganisms in agricultural ecosystems. Recent studies have shown that, when in excess, ZnO NPs can cause
phytotoxicity and declines in soil quality, reduce plant biomass and yields, result in excess Zn accumulation in plants,
especially in edible parts of food crops, and subsequently enter human bodies through the food chain, posing a health risk.
Therefore, techniques to reduce the potential toxcity and risk caused by ZnO NPs need to be explored. Arbuscular

mycorrhizal (AM) fungi represent a group of soil microorganisms widely associated with plant roots, forming a mutualistic

ESWA HEKARRHESTIH (41171369) ;5 1154 & BB QT A A 130 (2012HASTITO14) 5 07 79 44 e B8 4R T B0m 5% B 1l
(2012GGJS-079)

W5 B H#3:2014-01-26; %) £& i AR B A : 2014-07-11

# W IHAEH Corresponding author. E-mail ; wiy1975@ 163.com

http ://www.ecologica.cn



15 ERIE A ARSI MSE TR R I B 0 R R A R BB SR ML) R ) 5255

symbiosis with more than 80% of higher plants in terrestrial ecosystems. They play important roles in improving mineral
nutrition and resistance of host plants to environmental stress, contribute to nutrient cycling of C, N, P, and other
elements, and maintain soil health and plant community stability and productivity. AM fungi have positive effects on the
tolerance of host plants to heavy metal stress through direct and indirect mechanisms. Therefore, arbuscular mycorrhizae
could putatively contribute to reducing phytoxicity induced by metal or metal oxide NPs. However, the interactions between
NPs and arbuscular mycorrhizae remain unclear. A sand culture pot experiment was conducted to study the effects of
inoculation with or without the AM fungus Acaulospora mellea on growth and nutritional status of soybean plants under
different ZnO NPs addition levels (0, 500, 1000, 2000, and 3000 mg/kg). Shoots and roots were harvested separately
after 12 weeks of growth in a greenhouse. Mycorrhizal colonization, plant dry weights, P, K, N, and Zn concentrations and
uptake were determined. Results showed that ZnO NPs at 3000 mg/kg addition level significantly inhibited the growth of
soybean plants, displaying a substantial phytotoxicity but had no significant effect at other addition levels. AM colonization
in soybean roots was not inhibited by ZnO NPs at the 500 and 1000 mg/kg addition levels, but it was almost completely
inhibited at the 2000 mg/kg addition levels and higher, indicating a marked toxicity of ZnO NPs to AM fungi. Addition of
Zn0O NPs led to significant Zn accumulation in plant tissues, especially in roots. Compared to non-inoculation control, AM
fungal inoculation significantly promoted soybean growth only at the 500 mg/kg addition level. Inoculation also increased P,
K, and N uptake, and reduced root Zn concentration at low ZnO NPs addition levels. ZnO NPs could continually release
zine ions with toxic effects and inhibit the uptake of mineral nutrients by soybean roots, which may be one of the main
toxicity mechanisms of ZnO NPs. Our results reveal that AM symbiosis can attenuate ZnO NPs-induced toxicity in plants and
symbiotic fungi, which will aid in understanding of the interactions of engineered nanomaterials with plants and soil

microorganisms in terrestrial ecosystems.

Key Words: engineered nanoparticle; ZnO nanoparticle; arbuscular mycorrhizal fungi; soybean; nutritional status

N T 4K Bk ( Nanoparticles, NPs) R SRy /N RSE RN R e 32 T AR SRRk P o 9 vz i FH ,1& NPs <18
PERPFRIRARIE A IR X A A R G R W TR G R A AN 32 B ) e Y Ak A
(ZnO) 2N ) V2 B NPs Z— 8] V2 A 1T A4 i At it Dok Bois 2k By ion] v 535098 S fiefb
FUAEF= it gk Zn0 REBEF™ S AU 2 i A6 A 88 Kk M Ab B AE SR AR i A K AR AR IR
IR LB, 9K ZnO 27~ BRI EEE T R/ E ™) v I Zn 288 AR MR A P9 1 s B LR
AR R G A IR R BB R BE  AE R kR IEBIE Zn fE K EN H FPRL AR T R LRI
PR, LA sk RN gk 2 30 i

MR ( Arbuscular mycorrhizal , AM ) ELF# BE WS 5 i i I 80% LA I /) = S MIIE LA IR R | R 5 Y
KRBEDN EEREYZ " AM BER KRR TR S L HOR AN A 7E T4 BRI s b | ie 42
T BRI B, O EAE IR R (RIESE) VT 4K ZnO 1R TR TS e, S AT
AR AR EL G 28 S H X R A RS SRR B2 (A TR AT ST, SR T H BT ATE A, Tt , Al DL L
YEVI R G B Y PR IR % 2R AR A T DF SN AS [FZKSF- 91K ZnO FEERD AM EL BN R G AR KR E TR
BURIREIE R T fEANK ZnO FNEL AR O AH LG ZR J it —SE 504

1 5

1.1 X5k

ALY A T (MO RS 196) |, B R/ IMEAR—ELR Rl 7~ B AR HHIELK BT 25°C [E B 57 4
=il 8h, MU AM BRI N Acaulospora mellea 77, W51 FE T iR Vb , o AT 2 B EAEY L3000 B AR BT A%
55 R TR FE R A, KT R o M R SR B 90K ZnO (K242 (90+10) nm), 4l &
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99.9%) . HAEE BT E b A AT 20 B 6, & il s R ZEROK R (121°C, 1.05kPa) i 22K 3h J5
KT8 H.
1.2 REsT

TR B AL AL (-M) R RN (+M) |, B B4 5t A TR 7K SF- 492K ZnO (0,500 ,1000,2000
3000 mg/kg) , 3t 10 AMALER, AEAACEEE S 3 K, ] 230 SERHER (L O EAR 18em, B 12em) |, B3¢ 2kg
WYY H T 732 R R AR S W T IR FEIMAN K ZnO 42 T Ak 38 g 7 e HRTR e Y6 B2 b LT BT 7] 200 e, N2 T
AR PRI S B K ], 58 100 mL 3 500 B 5 9 BRI IE R, LA ORIE N 42 58 A0 B 5 12 AL PR B U E P X
ARE—5

2013 4F- 3 H 28 HHEFN, B 5136 Fp 6 KT, RIEL 2em, #E A5 BEZLLE 500mL /K, 1 — & J5 iR
5% 1/3 R 1Y Hoagland B IR (H A8 & 8 0 IEH S B0 50%) , Z a4k 7d P8 1 K, BRK 100 mL/ 45, A K
Ji) 422 R LE R A P A B, 12 TR S WAk
1.3 MEFsbr K&k

R GAE RO o FE R L b 38 43 PR 435, 580 FH B KK R B K e i, FHWROK 4R 4881, FEHIAS
RN ] T AS BB M 105 °C R 30min J5 70 °C T EIEE B2 —H 7R ERRIUCT
VEBCHT BB ANMR B, FH KOH VAR (8 TR b 2T Yt SR I FH 5 s 38 22 1R TR AR AR e e Tl A AR A 22 it
T WHEREEAE 3 0.5 mm 55 A H,S0,-H,0, %31, HPLEGE ZAGE N, SHET L kil P Rk st
JERETFINSE Zn K i, R FAREY) 5 AR v 52 A v mf AR B A ik T 3 S e 2 s SR R
TR MU
1.4 HdlEatr

FIH Excel 2010 F1 SPSS 16.0 SEGE A s AT B 3R 07 227007, Duncun 22 1 RS AL B2 [R] Y 22
SR ENE(P<0.05) , W Z 7 2243 HT 40K Zn0 /K- EF4EFh AM B Z B 38 BAEH

2 #R5iTig

21 MG o - .

ot BR AR Ik B kB AM BB, HEp b ol ¥ [T [F]
KPR RMEMAK 200 B, K GH R B R M £ s IL
5001000 mg/kg FIAH K ZnO A MBI IR Y, 5 ERNy
WA R 1) {L7E 20003000 m/ke I, 95047 %5 0 [
RIHAREU R A F R R (T 1%) , KIEWA 23, |
K 200 FENEIN B S00—1000 me/kg WA MERE  ~ 220 |
YRS, TR DU LT 52 4 BB e gor

CZESEIK Zn0 BAAFLLLHIE ™, 41k Ag/ L e o
Ti BEREAIG I FSE 00 BAR B 1 ACBF T % B, 5 0 S0 o0 200 3000
YOI 94K Zn0 X AM ECEIULAT — 2 TEPE, {H NPs 7 200 Ne B g/ kg)

w5 AR Z MRS R AT BERCN R 2%, 41 4n 1 18 it | REDK ZnO AT T A T EARERE (T4 Eats
1 0.032—3.2 mg/kg (IZHK FeO ,0.01—1 mg/kg 48 g

5]6 Ag ]ﬁﬁ F%’ff&%@i j][] T Glomus caledonium Xﬂ‘zﬂf Fig.1 Mycorrhizal colonization rate ( mean=SD) of soybean
ﬁ[ﬁ/\] ;|:E {% g% %LZUJ . 7n {7;— g&ﬁﬁ H‘J‘*ﬁﬁ é\;ﬁ*ﬁ{% plants under different ZnO NPs addition levels
MBI (0 LA R, —f gy P IR R0 RS

ST BRI AR AR Gy, SN Zn B9 W B2 50—400

mg/ kg I A AR =M IR R BRI Zn P BO3E MM A T . 500—1000 mg/kg HY44 K
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ZnO FeEHH AM TR XK EAR R AR YL, M= F R A9k Zn0 BMRF TR (HNE 1 &1, 40K ZnO 7
SRR YR Z 8 12 R IR LM SC R | PTREAE7E— NI AH(E, BERE X R AR {3 e 7= AE 410 1 2 50E
Ve, 992K ZnO BOBERR R T BE -5 H [ B B0 PE R Tk A2 Fsie RIPIA AM EL R RS 3UA ¢, M T IR
AT,
22 KRutYE

1R, SN K Zn0 FH L, 500—2000 mg/ kg A SR MR AR 22 T3 (500 me/kg 3
AEFRBRAR) ,3000 mg/kg FIAIK ZnO 5 FEARMIMR T3, A PF5EIESE K ZnO B Y1, 1000 mg/L
YK ZnO {fi BT FOARGRAE | 3R B MR J2 A 25 A B0 2, DR i) 400k ZnO BORETEME S
BAEA O HEERT RIS ERY Zn™ " BEE K Zn0 WRIE (25—100 we/mL) B FFE , PEAA 225y 2448 B
K G CLPARBRT AR FE 508 I B 200 ML SR 388 o, A RS A it Ak B 2 R4 it o Ak A ) (H = 8 Hh 7R i 500
mg/ kg FIK ZnO He EWAR UK GRIGRAAE R BEITE R HEAREE R 40K Zn0 XK AU BEPERR ST, AR
ZEJLUESE 2000 mg/kg P40k ZnO K 5 A K LF- B4 W HIVE 3000 mg/kg B WL LA W E A9 1, (2
SN R

®1 RELSENKEFEMRTL CPELARMER 2 ) B R0
Table 1 Dry weight and root/shoot ratio ( mean+SD) of soybean plants under different treatments

442k ZnO i DAL T Dry weight/ (g/#k)

K (me/ke) Tnoculation BTE/ (/1) Bt
Zn0 NPs addition level treatment it E#E53 Shoot A Root Total dry weight Root/shoot ratio
0 -M 1.03+0.23b 0.24+0.07bc 1.27+0.29bc 0.23+0.02bc
+M 1.21+0.09b 0.30+0.01b 1.51+0.10b 0.24+0.01bc
500 -M 1.05+0.08b 0.29+0.01b 1.34+0.07bc 0.28+0.03a
+M 1.62+0.08a 0.43+0.03a 2.05+0.11a 0.27+0.00ab
1000 -M 1.05+0.15b 0.25+0.04b 1.31£0.19bc 0.24+0.02bc
+M 1.11+0.13b 0.28+0.03b 1.40+0.16bc 0.25+0.00abc
2000 -M 1.03+0.15b 0.19+0.03cde 1.22+0.18¢ 0.18+0.00d
+M 1.07+0.19b 0.23+0.03bed 1.30+0.21bc 0.22+0.03¢
3000 -M 0.74+0.06¢ 0.18+0.03de 0.92+0.09d 0.24+0.02bc
+M 0.64+0.07¢ 0.16+0.02¢ 0.79+0.09d 0.24+0.02bc
R AM BB AM inoculation 9.418** 16.354** 11.205 ** 2.419™
42K ZnO HiJin/KF ZnO NPs addition level 17.853*** 29.466 *** 20.458 *** 11.239***
YK ZnO J MK < He R S5.472% 4.430" 5.480 ** 1562

Zn0 NPs addition level X AM inoculation
-M F+M 53 BIRR AL LR A, mellea 403 5 [R5 ECHE 5 A 6] FBE 278 45 A FRAE P<0.05 7K1 28 5 35 SR 3 7 2543 Br & SRl F{E,
% P<0.05, = % P<0.01, * # * P<0.001,ns; 23RN 0E

Hefh AM B A{UAE 500 mg/kg B BB MR SRR A K 7R HA KO3 B R . Whad 2500 T AM BB X
i FAEY R E R B 28 205 uE s 7 (HIRAE DR UK B 500 R, MSUE Y R L 74y, HAR
BN, —FREIEAS 2 | AR AR A A A e S i S il i R SE B, R4S AM ELTA 7E 1000 mg/kg 1R R 4T,
HARAEAE I A RBLH R . SURZE T 2001 Bon , 992K ZnO Jiti Jin 7K S iz @ 4b B A R T 4 W E 5 1
VERE . BRI =25 2R K2 B R B K FeO (3.2 me/kg) UM B EHIE9 K Ag(1 mg/keg) ML
HARKPY XU RTE NPs 5750 5 750 R AR 2 A 56 RN %, T Bt — S5,
2.3 REA W H &

FEGETT AM E RS F2 A F TR VR R, Wl Fb 7% 2 S RE UL I B RO VE T, IR s R T 4 v i
5 A YR AR — SO AR P R 2 AT LIRS BB K ZnO it K-S R3S N, AR AR 1 43 RIAR 2R
N.P K WS 7E 500 mg/kg B i , 7F 3000 mg/kg B Ak, X Pa WA BE O 409K ZnO {2 JEAE AR T N P K 1%
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W, L gt o B, 3 A ) % 7 R T R Bl

AR ZnO FURLEATRIAR N HER TR I FRTRE 15 55 NPs Bl | BE & 7EAR R 3R R AL —& , 1 if
AR FROCE WO, NTRISE IR A 471 ARG SIIESE N A 94K ZnO R T ALY E SR, A
K ZnO JIURLAE B AZ AR R AFAE W R i W s 22 P B J2 ANk AT R e SR AR 0 SR M ST IS . I,
NPs BEPE-S550 2 A S RGO S 2%, [ NPs BEPE- 5 MRS VIR G, M7 KGR AR 0T, NPs ] BE2x B
SRR OB , 2 1 - B5CH A A A PE AN R PERR AR, PRI NPs B 5 70) 5 22 ) (9 56 ZOF A SR ERPEAR O |
{EHARWDFFEUESLAIK Zn0 X KRR BB Z 2% IFAERPEAR

F2 FELAENKE N.PK BRKE(CFEEARERZ) R0
Table 2 N, P and K uptake ( mean+SD) by soybean plants under different treatments

N Wi/ (me/# P Wit/ (mg/4 K R/ (mg/F
I S R R
00 NPs addition level  treament L LA R Ho L E oy 5 Ho LE oy &
Shoot Root Shoot Root Shoot Root
0 -M 27.23+1.56bc  5.50£0.93bc  1.92+0.06cd  0.15£0.02d  10.99£2.52cd 1.38+0..07¢
+M 30.94+1.57ab  6.59£0.96ab  2.65+0.56b 0.46+0.01b  15.3220.96b 1.08+0.06de
500 -M 29.24+2.13bc  6.57£0.68ab  1.96+0.17cd  0.23£0.0lc  11.90£0.88cd 2.29+0.13a
+M 35.15+0.86a  7.67£0.92a 3.80+0.09a 0.63+0.00a  21.0420.38a 1.21£0.03cd
1000 -M 25.14+3.40cd  6.06£0.40bc  1.82+0.17def  0.23£0.0lc  10.82£2.05d 2.12+0.13ab
+M 30.14+5.36abc  6.3320.67b 2.48+0.38bc  0.51x0.06b  12.74+0.31cd 1.02£0.10de
2000 -M 20.46+2.90de  5.96+0.43bc  1.44+0.51def  0.1820.04cd  11.33£1.69cd 1.97£0.22b
+M 20.92+2.96de  5.01£0.82cd  1.87#0.37de  0.20£0.03cd  13.53£0.92hc 1.13£0.26cd
3000 -M 15.06£0.50f  4.1620.46de  1.24+0.27f 0.16+0.02d 7.57+0.40e 1.02£0.18de
+M 16.93£1.28¢ef  3.50£0.27¢ 1.29+0.00ef  0.18£0.0lcd  8.26x1.11e 0.82+0.12¢
A AM LT AM inoculation 12.414** 0.439ns 41.291 " 395.113 *** 56.877 """ 175.545 ***
iﬁf;ﬁ?fﬁgﬁtvel 37.786 " 18.327 *** 22.998 *** 91.419 *** 32.019*** 30.449 ***
R Zn0 HE AP T 1.074™ 2.861"™ 6.821** 55.249 *** 9.463 *** 13.030 ***

Zn0O NPs addition level X AM inoculation

ANHEINGAK ZnO B FERD AM EL 0 2380 1 M 13053 FAR R P WRlSciE Kol 3843 K Wlicas: , X NI
A WEEM (R 2) , FERINAIK ZnO B3R AM B 7E 500 F1 1000 mg/ kg B i 160 P Wk, (H7E
20003000 mg/kg I BeA S EVEM . Hefl AM H B {LAE 500 mg/kg RN 1385 N K Wit , Hofb 2 K0
IR AR R K Wit . SR 27 22000 s, 992K ZnO SEI/KSF FERh AM ECB K Hag HAE FXE P K 7R
BE AR N B IALES

P 4 8 AR BRI S5 A T sk B g rh WA A A0 R E T (LR ) 2 AM JT R Rk A
WYy KRR i ) AL 2 — O LB AM B XA Y AT B R R W EA —
B R ARBIFSE T UIESE, 7E 500 mg/kg 4K Zn0 ZPF T 50 BE M0t T KRG AEK JFRESHGE P
KN 880" i85 3%, Wi 1E 1000 mg/kg 49K ZnO B, 428 BAR A R AVER  (AXT P A A BAE R . Smith
LI A B4R AM B S BEE AR 2R 1K 1B AM BB B WOOR A2 40 6 AL W i A B ik, A
2000,3000 mg/kg B, 442K ZnO X AM E I #EME %, X W AK R AM FLIR AR RE & 44 0 B VE A 2R A,

24 RGBS SRR

F I 2 B3 v BEE 482K ZnO SEI/K S R, B4 Ab BEAE AR b 1B FIAR R Zn i Zn WYY
S E TGS HM 2000 mg/kg 2 3000 mg/kg B, 1 EEBFIR R Zn S AN, Zn W0 2
MFEAK, AU, KGN T REZ TR AR Zn S EMYK Zo0 WETHE MR, H 2 EH#5 Zn & R1R
i (120.25—1.36 mg/kg) , IARHK ZnO RAEBZH M B4 . IR 500 me/kg LK ZnO B K
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SR MR Zn S RIGE 126.23 344.07 mg/kg' P ARG R R M EERAY Zn AR 2 THT ELAE—
SE R A5 980K ZnO HEINAC T B ARG, — RS T B 40K Zn0 5 T8k SR AR W RO 5452 B 4 L %
5y F—F AT B RANK Zn0 B PR 2o WK G NOE RS2, T RE — F MM A 2, % FAK 700 Pk
ARG ERYIA TR, M L340 Zn ARAT BRI LA Zn>* BB S B, SR Wiz B b L343, (ETE1R b Rh %
A, Zn 15K AR A LR Hb 1384 (0 FH SAL T Bl 2 A BB 77 A — i e XU ) PR T 7 22 2t
Kot — L AR N Zn BTE S FIRUE

SOT s . S00r gz o
200 L . 4500 . b
= O-M b 4000 |
D600 F  BM
< 3500 F c
g L
< 00 3000 F
i g d
&g 400 p od ¢ 2500 [
Ng 2000 F ¢
S 300 | od ¢
3 d
S 1500
S 200 |
1000 F
100 b 3o
0 1 1 Lo 1 1
0 500 1000 2000 3000 0 500 1000 2000 3000
K ZnOjE finsK-F

ZnO NPs addition level/(mg/kg)

B2 AELEXNKEH EHIFIRE Zn &8 CPYELRER2Z) B0
Fig.2 Zn concentration ( mean+SD) in shoots and roots of soybean plants under different treatments
~M HI+M 3R AR RN A, mellea K3 XWUR R T7 2200745 R (FAE) M BI85 Zn B hk 40K Zn0 F=4.899" 414 F=89.671"""
Pk ZnOXFEE F=2.010" ;R R Zn &8, 40K Zn0 F=42.708 *** [ FE1H F=978.383 """ 41K ZnOx{EH F=5.711""

0.7 12 r
o 4 a Ll 2
0.6 | . 10k
- b
= 05 B+M g b
% c 08 be be
on C
E2oat t 5 ‘ be
gg 0.6 [
o
£ 03} d
N £ d
= 04 I
N o2}
€
o1k e i 02
€
0 1 1 1 1 0 L I 1 1 1
0 500 1000 2000 3000 0 500 1000 2000 3000
YK ZnOJiti 7K F-

ZnO NPs addition level/(mg/kg)

3 AEAEXN KRS EESFIRFR Zn WS (T bR R 2 ) B30
Fig.3 Zn uptake (mean=SD) by shoots and roots of soybean plants under different treatments
XUE 7 2T (FAH ) - M 13553 Zn WS, 400K ZnO F=20.104 """ 1218 F=64.188"" 4K ZnOx$EH F=2.341" ;i & Zn WL,
K Zn0 F=6.350" ,#EH F=118.386""" 41K ZnOx4EH F=0.961™

55X HRAL BRAH L, 402K ZnO 0 ZK-FI) A R Zn 25 AT i 24 50 S 3 5, LAt fn K Pk, 2
PR IEAR TR Zn i, IH7E 500 mg/kg BRI T 0 B0 MIAR 2R Zn WRASCEE , Zn JEARY) A5 B SROUE  (Hid
Z0 REPEREFEARN . — IR N Zn 55T 400 me/kg I e P ERAEIR . T ZHTSERW],
T8 Zn TFE ST RRASRENAEY  Zn 5 ik AVSER A2 B AR, 107 ELAEAERE N Zn AEAR 28 b (9 20 L 49242
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ARWFFTEEH K, el AM ELBEREAR TR 2R Zn &8 0 Zn WSR2 M3 A1 (500 mg/kg) , 3543 Zn 43HC HE
I A WAL, Jamal 550 IR AM ELRRHE 5 15 e 3 RS Zn MR, S AR B0 25 5L 4
— 3, (EAF R, 7E 2000 ,3000 mg/kg 42K ZnO B, R AM B A (R YR &R (EXARRE Zn B A
— SEFLIN X AT RESE RGN A AM BT H S X0k Zn0 BAL2AAT R B T — 2B AT A AM B A )
e SR R IR (AR B RIEAS , AR L AE AR P i AM LB B R R LK Zn0 BOE, PRI R T5 ZERF R 40K
ZnO fE7ER B ARAZ Y s S84k, WUR R D7 22500 i , 9K ZnO J K-S A AR & Zn Fref W
ZHAE, BIRGIK Zn0 5 AM HH N REN %, MFTIRADTIE

BERL Zn®* JE 40K ZnO (ARSI Z —P 0 HIF5E A, 1000 mg/L FI4K ZnO % BRI Zn* R
#ad 8 mg/L7 . 4K ZnO WELE 400mg/L B, BEHLAY Zn® HEHE N 14.6 mg/L, 7F 4000 mg/L B Zn™* ¥ Ny
96.9 mg/L"™ , 4K ZnO HREY)FE P 00 TR S5 B Y Zn™ 2 BRI 40K ZnO RO HENL I T REA £
P, WRE SRR E TG E 2N A BN, KRS ML, FRATHEVEHE A — R0 M R & 2
YK ZnO FEINTKJG , RIHIKAAHR) Zn S HAE 6 mg/L A7, X UE AL Hh 40K ZnO ZE7K AR HAT —
FE (R R (LY A B AR, 1T FLAE 500—3000 myy/ L V& B Bl N 1% A B 38, AR Zn & & KAl BE
XTAEA) B AM EC 7 AR R SR I 85 35, AR KT RE ™ A= 2R VE, 90K Zn0 MR AR R PE P B — 18 7,
THYAK ZnO MR AT REAE R Zn™ “ P8 WiAFELE , — BB P i Zn™ el 2D (Can s 4 Wi sk 3 B AR 81 22 ) , 492K ZnO
5 Zn® [AIF BB A T, AR 10 A B Zn™ o B T40K Zn0 5 THEE fEAR R 3R, 45 & R DA HRE TR 4R
B HEDI LK ZnO FP AR 288 37 SO HOW K AR AR AR 7= A= B e 19 50 — LT 258 M AT A F 5T, NPs
XTI BRI AR 18 00, RO i T 5 34 AR /0 199 5 T R A AL AT RN AR i 490, 39 75 ZE s AT 5% .

3 #Fig

(1) #92K ZnO 1E 500—1000 mg/kg Jiti il 7K V- I A 5200 AM EL TR 0 R S 1 4= YL RE 7, {H 2 i 7k -1
(>2000 mg/kg) HFXF AM BB HA — @ 2k, JLF- 78 240§ K SR R RZ G,

(2) 442K ZnO 7E 3000 mg/ kg B E IR GAEMRAE K, R AEY B, 78 LAt n 7K ~F- B A 52 i A 4
K,
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