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Effects of ZnO Nanoparticles, ZnSO, and Arbuscular Mycorrhizal Fungus on

the Growth of Maize

LI Shuai', LIU Xue-qin>*, WANG Fa-yuan'", MIAO Yan-fang'

(1. Agricultural College, Henan University of Science and Technology, Luoyang 471003, China; 2. Life Science College, Luoyang
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Abstract: As one of the most widely used metal-based nanoparticles (NPs), ZnO NPs have been shown to be toxic to organisms.
Arbuscular mycorrhizal (AM) fungi can improve mineral nutrition and increase the resistance of host plants. However, little is known
on the interaction between ZnO NPs and other Zn pollutants, as well as the effect of AM fungi on their biological effects. The present
greenhouse pot culture experiment studied the effects of inoculation with or without AM fungus Funneliformis mosseae BEG 167 on the
growth of maize in soil supplemented with ZnO NPs and ZnSO, (500 mg-kg™") seperately or in combination. The results showed that
ZnO NPs inhibited mycorrhizal colonization and the growth of maize plants, showing similar phytotoxicity and effects to ZnSO, at the
same concentration (500 mg-kg™'). Compared with the nonmycorrhizal controls, AM fungal inoculation decreased Zn concentrations
or uptake in maize plants, and showed a better growth-promoting effect in the combination treatment. Our results showed for the first
time that there was a complex interaction in their biological toxicity between ZnO NPs and ZnSO,, while AM fungal inoculation
exhibited a protective effect under combined pollution of ZnO NPs and ZnSO,.

Key words:Zn0O nanoparticles; heavy metal; arbuscular mycorrhizal fungi; phytotoxicity; engineered nanoparticles
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HERAE Y E K (Zea mays L. ), b Bl A # B
958. i AM BN F unneliformis mosseae ( IH 44 A
Glomus mosseae) BEG 167 , LATAI VP R EEFE I . £ oK
FIRFEE Ry 8 A A 5, 2B A |
L AEAR BT IR KSR A EA AR B . AR LT
(R 2E 30 NET) , ARSI 22 iR B 1
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nm, FEFRE K 110 m*-g™'). ZnS0, -7H,0 I H
R AL TR A RA R, il 3% AW R
FRFIHF OB X A, ik 20 H i, FH e il s H 2805
KT (121°C 105 kPa) JELEKHH 4 h 5 KT H.
LA YE AN T, pH 8. 46 (K L1 2.5:1),

HALE 2.06% , 4= & 1.36 g-kg™', & ® 1.02
g-kg ™ 211,49 g kg™ BRARA 79. 48 mg-kg ',
AL 22. 94 mg-kg ™', A4 285,36 mg-kg ', 4>
Zn 39. 44 mg-kg ™' ,DTPA 2B Zn 0. 81 mg-kg ~'.
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k. R H R AT B 200 ¢ KT, pH 1A E
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1.4 HdEsbr

MR T H N Zn & B LAY Zn WK
. AEYE £ RE(BCF) = MY ENHEITR S
Y/ HIERIZOTR S .

FIH Excel 2010 1 SPSS 19. 0 2558 4144 %} i
AR BB 51 7 PR PR 26 7 22437, Duncan 2 8 Y
B PR [A] 1 22 5 W B PR (P < 0.05) AR A T =
7 223140k Zn0 | ZnSO, FI35E 8 4k 34 27 6] )
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colonization rate of maize roots
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Fig. 2 Effects of different treatments on dry weights of maize shoots and roots
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Table 1 ~ Three-way ANOVA analysis on significance levels ( F values) of AM inoculation (M),
ZnO NPs, ZnSO, and their interactions on measured variables

Ak M NPs Zn®* M x NPs M x Zn®* NPs x Zn?>* M x NPs x Zn>*
R G R — 7.14* 9.90* — — 7.51" —
i AT 7.75*% 45.34* " 25.04% % 21.23%* 13.48** 12.28* " 0. 00ns
AT E 46.63* " 22.48** 50.42%* 5.73" 1. 40ns 21.36** 0.01ns
1 R Zn i 16.69** 239.85 " 504. 60 * * 0. 13ns 7.62* 121.40* 2. 47ns
WER Zn S 3.38ns 98.33* " 212.40% % 1. 96ns 0. 50ns 2. 96ns 1. 75ns
Hi 13 Zn WS 19.56** 208.10* * 576.77** 8.76** 3.31ns 185.40** 21.35**
HRZR Zn Wi 23.90** 102. 13" 186.53 % * 1. 58ns 2. 84ns 2.96ns 0.27ns
+ 4% pH 643.72** 17.04* % 63.98" " 0.27ns 11.25** 23.02** 7.57"

1) BEMLER ., « FR P <0.05, = * F/R P<0.01,ns FRARE, “—"
ZnO AbFE | HE AN ZnSO, Ab¥R

1200
(a) a
1000 | ON ab -:[— b
A M E3 ?
=800 T
B c ¢
£ AT 2
& 60 %Y .
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Fig. 3 Effects of different treatments on concentrations of Zn in maize shoots and roots
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S EARER, TR AR Zn WcE B3 TR —
YK Zn0O | ZnSO, AbFE, i 35 Zn WA 52 2 1R b
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ESNFE TR A BRAE L, 45 A AN RE I A B 2
Wi R Kb I RIAR 2R Zn R, REEIH B
SEMYAK ZnO b MR R Zn Wl , DI RE &
AbFE M 1 EB Zn WS JCARLIE B T 42
HEH].
SRE T ZHFTER, HK Zn0 5 ZnS0, 4b3

I=A
7

Z ) BERAGK ZnO Z 8], DL = 2R 2Z (8] % Hb
VR Zn WA R E L EAEH (K1), ZHR
ZIANHR R Zn WSO A i AC BAE .
F2 FREKLETEXKM EFHMREHR Zn # BCFY
Table 2 BCF of Zn in maize shoots and roots

under different treatments

WiH Qb3 AR AL I (N) PR AL EE (M)
CK 1.45(0.20) b 1.39(0.11)b
W VP 1.31(0.05)be 1.20(0. 14)cd
In** 1.75(0.06)a 1.37(0.12)be
NPs + Zn?* 1.04(0.05)d 0.85(0.03)e
CK 3.37(0.41)a 2.32(0.52)b
HE NPs 1.10(0.12)¢ed 1.01(0.15)cd
Zn* 1.39(0.14)cd 1.40(0.30) ¢
NPs + Zn?* 1.13(0.15)cd 0.93(0.18)d

1) RNBUE - YE (bR 22) , 465 5 AN [ F B R B F
Duncan Z3 45 BAE P <0.05 /K- 57 B3
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Fig. 4 Effects of different treatments on uptake of Zn in maize shoots and roots
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W R, GRS R AN K IR Y R ) B
PE—J5 T AT i H B R B4 b 3 v AR R s g
(0, 55— 7 1 vl e O 5 B o s 8L
PR YL TN FARAR R T E R F 99K ZnO Fil ZnSO,
R XEREYK Zn0 HEEHAR RREE
AIREE R Zn® SRR, 52 10 55 Sb— bt
FEAERAAL .

AWFFE R, A52K ZnO Fll ZnSO, ¥ 1 2 (A% &
KEMIRZ YR A 10% DL FORIR 2R
g XK AM HEXTYK ZnO Fl ZnSO, A —E 2
P, IR K ZnO A 353 000 mg-kg ™!
HHBR B — E R YL RE 1 (Fik 29% ) ™) (B AE
PR AR ,2 000 mg-kg ™ BI4HK ZnO L9584
IR TAR R BRARZ Y. Feng %" W5 K BL
TR A R 4K FeO(0. 032 ~3.2 mg-kg ™) FI4K
Ag(0.01 ~1 mg-kg ") WA FEMLEZIEINT Glomus
caledonium ¥ [ = BB AR AR G g oK o X
FRAGRLNE T 6 5 4 K ks (Fhs . MR, IS |
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S v R 4 TR 4 R IR XA A A K
REHIEANFIVER 027 i e SR B i 1 A AR5
WA A A R B VR A Y. 500 mg-kg !
ALK ZnO S0 B KA AR AE K 500 mg-kg ™!
(Zn) (K ZnO B ZnCl, IF-A W 252 W UL Y
AR 500 mg-kg T IANK Zn0 H RIS IEPE K E
REBR A A 0. Lin 2874 SR — FR 810 B A9 40 0k
ZnO WF58 % B, 13 100 ~ 200 mg-kg ™' A9 44 K
ZnO X FORARK A HEAEH ,400 mg-kg ™' B 0 b 3
YR, 17 800 mg-kg ™' DA_FJU) g Sl Fok A . AR
IR 25 R RAESE, 500 mg-kg ™' (Zn) BYANK ZnO
C&En By EE B, LYK Zn0 iF 2
InSO, , #RAEAE—A 77 AR W F5 P A I o B, Ly
KT B8 B T4k Zn0 Kifz K/ | AR
HIEABEH R (A pH, AU S E%) 5, AR
FEUH X LE PR X 4 T 4 K SBORE 14) £E 507 BE A =
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HHRET MR R AR A K — Bt
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TR AR IEY 2 i) BT A ] R OK B AR
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WA BRI, JCH R b 13, Zn &/ 5 ZnSO, Ab
PSS AR E, Zn TR R X RUGK
Zn0 5 ZnSO, JLA7 I A REAFAE A 24 JL BRI 4T R AN
EHAEF, A Y a0 AR T R RS BUVE L
YEF SRR, -5 At Zn B
BHA AT G) S BAS R 5. 4K ZnO BEL
I’ RG22 — (R R e’ R 2
Bb, LR 0 B AR RE LD, [RIRE, 492K ZnO
UK L 2 1T RRE K, WK BB 7 5, X ZnSO, B
Zn® " ] B ELAT IR B 1 DT B A T AR
BRLME. AR, 902k Zn0 XK B i
Cd** | Cu®" | Ni** | Pb** SFHA — 2 I W Bt 25 B i
F1EO R SEEREE P Ak Zn0 X Zn® T W] REL A
—E W FfHRE T, T — WA

Y R 2R AR Zn i 5 A K
B ) ZnS0, & mi gk Zn0 A EY BIEH
KM HAPK ZnO 1 2E WA R 8 R, 25 5 w AT
PRI AR AL, BERORE , 590K Zn0
Fo, BRSO ZnSO, H Y Zn (H: F(EARE W
1), X BIRYE ZnSO, FMTEL | HAEZ B Zn**

B, AW EERB(BCF) WABIES: TiX— 4. —
WA NAEY IR N IEH Zn & 8AE 8 ~400 mg-kg ™' 2
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a5 R R, BB—Y2K ZnO | ZnSO, AbFEE K Hb I
AR 2R Zn S BRIE T 400 mg-kg ™', X EK W 44K
ZnO Fl ZnSO, T ZaXT FKRAEME A4 T 8%, [FAT,
K ZnO ALHF oKk EFB Zn F B IKT ZnSO,
AbEE RPN BE 2 0] FORA Y AN TC S 25 5 X
FW] Zn® " W RECAUIR AAOK ZnO 19 A= W 33 PE AL I
z—.

AM E R R 4 8 S E W ek e g
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AM EH KT ToRIRN Zn S8 8 Zn WIYLE H
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TR E T G, — IRAE AR b LA 3 ARt
IR I Y B IR A 1 B 3 O (B R B
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B R YR A 5. [FAF, X IESE AM BB Al fig
ELHERZ AR B O i, IR AR T A A ek i
ARTRIEAE . 40k Zn0 VoYL EES e R ) R
W LA B Zn FEAE R T30 43 v i SRR AT R X 3R
B A= — WS 7EG0K Zn0 81 ZnSO, 154
FAEN ,AM FLE AT BEAR EOR X Zn BRI L, 1A
I —E FREE B AE FH , [R) B X6 T B A A 75 e 5
T A e R ARG AT — 2 7
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