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Arbuscular Mycorrhizal Symbiosis Influences the Biological Effects of Nano-ZnO

on Maize

WANG Wei-zhong' , WANG Fa-yuan', LI Shuai', LIU Xue-qin>”
(1. School of Agriculture College, Henan University of Science and Technology, Luoyang 471003, China; 2. Department of Life

Science, Luoyang Normal University, Luoyang 471022, China; 3. College of Resources and Environment, Southwest University,
Chongqing 400716, China)

Abstract ; Engineered nanoparticles (ENPs) can be taken up and accumulated in plants, then enter human bodies via food chain, and
thus cause potential health risk. Arbuscular mycorrhizal fungi form mutualistic symbioses with the majority of higher plants in terrestrial
ecosystems, and potentially influence the biological effects of ENPs. The present greenhouse pot culture experiment studied the effects
of inoculation with or without arbuscular mycorrhizal fungus Acaulospora mellea on growth and nutritional status of maize under different
nano-ZnO levels (0, 500, 1 000, 2 000 and 3 000 mg-kg ') artificially added into soil. Results showed that with the increasing nano-
Zn0 levels in soil, mycorrhizal colonization rate and biomass of maize plants showed a decreasing trend, total root length, total surface
area and total volume reduced, while Zn concentration and uptake in plants gradually increased, and P, N, K, Fe, and Cu uptake in
shoots all decreased. Compared with the controls, arbuscular mycorrhizal inoculation improved the growth and P, N and K nutrition of
maize, enhanced total root length, total surface area and total volume, and increased Zn allocation to roots when nano-ZnO was added.
Our results firstly show that nano-ZnO in soil induces toxicity to arbuscular mycorrhizae, while arbuscular mycorrhizal inoculation can
alleviate its toxicity and play a protective role in plants.

Key words : nanoparticles; arbuscular mycorrhizal fungi; phytotoxicity; nanotoxicity ; nanopollution
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Table 1  Dry weight, root/shoot ratio, plant height and mycorrhizal colonization of maize under different treatments

- ‘Fi/g'put’l o . )

N -1 = = =L R
2K ZnO/mg-kg T AP L Wz R L R/ cm HARIR YR/ %
0 M 16.13(1.69)a 2.03(0.24)a 0.126(0.009)e 77.1(1.71)a 52(1.4)a

N 10.79(1.31)b 1.71(0.24)b 0.159(0.011) cde 63.8(6.17)b 0
00 M 7.91(1.47)c 1.29(0.18) ¢ 0.164(0.012) cde 65.3(2.62)c 45(2.5)ab
N 4.46(0.60)e 0.63(0.15)d 0.141(0.018)de 51.6(4.26)d 0
1 000 M 5.91(0.57)d 1.18(0.128)¢ 0.201(0.025)be 57.0(4.28)d 43(3.8)ab
N 3.67(0.42)ef 0.66(0.15)d 0.183(0.051)bed 49.6(2.60)d 0
5000 M 3.99(0.45)ef 1.02(0.17)¢ 0.256(0.037)a 53.3(2.76)d 32(2.5)be
N 3.03(0.51)ef 0.70(0.23)d 0.224(0.048)ab 46.1(2.77)de 0
3000 M 2.60(0.49)f 0.65(0.08)d 0.255(0.045)a 41.8(2.94)f 29(9.4)c
N 2.48(0.75)f 0.55(0.22)d 0.218(0.036)ab 41.2(6.37)ef 0
it K 169.4* % * 54.1%%* 15.2%%* 110.1%** 5.3%"
B 66.0" " * 41.8% %" 2.0ns 14.5%* —
Tt N x R 9.6*** 2.6ns 1.4ns 4.5%* —

1) M AN AGR AM B D b BURUAN R0 b 2, 3R A B3 A - M8 (BRI 22 ) |, [ 51456 5 5 S [ 5 RE R R B K 3R Duncan 43 BT 45 1A P <
0.05 KFZFEBE, SHEFTZEMIEER. « TR P<0.05, = = FR P<0.01, * * % F/RP<0.001,ns FrREFALE, —FRIWUHZE
Vin it SN

K2 TRLAETERRRLKE, BRER, B4R, THEE

Table 2 Root total length, total surface area, total volume and average diameter of maize roots under different treatments

4K ZnO/mg-kg ™! et S/ em - pot 7! BMFEHBY em? - pot ™! SRR em® < pot 7! Y EAR/mm
0 M 25863(3980)a 2223(300)a 15.6(1.74)a 0.281(0.006) be
N 25443(6047)a 1975(443)ab 12.6(2.63)b 0.252(0.008)c
500 M 16392(885)b 1633(123)be 13.1(1.37)b 0.322(0.010)ab
N 10 672(3 246 ) cde 1002(230)de 7.6(1.20)¢ 0.306(0.021)ab
1000 M 15312(1769) be 1536(125)¢ 12.3(0.82)b 0.323(0.014)ab
N 10 095 (4 234 ) de 941 (314 ) def 7.2(1.88)¢ 0.317(0.075) ab
2000 M 12 533(2779) bed 1283(245) cd 10.5(1.72)b 0.331(0.014)ab
N 8975(3131)de 847(248) ef 6.4(1.53)cd 0.306(0.027)ab
3000 M 8335(1200)de 869 (59) ef 7.3(0.92)¢ 0.335(0.035)a
N 6084(2264)e 590(240)f 4.6(2.07)d 0.308(0.030)ab
it Jin K-S 357" %" 31477 25.2% %% 4.7""
EiA] 10.8** 29.4%*%* 61.0%"" 4.5"
Tt K x 2R 0.9ns 0. 9ns 1. Ins 0. 2ns
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Table 3 N, P, K, Fe and Cu uptake of maize shoots under different treatments

1

1

4K ZnO/mg-kg ™! T AL N/mg-pot ™! P/mg-pot ! K/mg-pot Fe/mg-pot ~ Cu/mg+pot ~!
0 M 422.6(43.3)a 18.2(3.1)a 626.8(65.7)a 3.95(1.10)a 0.144(0.016)a
N 289.3(42.2)b 10.1(1.7)¢ 411.1(53.0)b 2.60(0.36)b 0.122(0.013)b
500 M 228.7(45.4)c¢ 14.4(2.9)b 289.0(57.8)¢ 1.42(0.34)¢ 0.058(0.013)¢c
N 160.0(21.0)de 4.4(0.4)de 120.0(21.8)e 1.15(0.38)¢ 0.058(0.007)c
1000 M 183.9(11.2)cd 11.9(0.6)c 192.9(39.8)d 1.35(0.15)¢ 0.044(0.007) cde
N 136.0(16.0) def 4.2(0.8)de 92.4(17.8)ef 1.81(1.06)¢c 0.053(0.007)cd
2 000 M 132.0(7.7) efg 6.0(2.5)d 105.9(24.6)ef 0.71(0.20)¢ 0.033(0.006) ef
N 109.8(24.7)fgh 3.1(0.5)e 66.0(17.7)ef 0.93(0.27)c 0.043(0.009) de
3 000 M 85.5(16.1)¢gh 3.0(0.7)e 53.0(19.2)f 0.62(0.17)c 0.020(0.002)f
N 83.8(28.9)h 2.3(0.5)e 45.6(18.1)f 0.57(0.11)¢ 0.030(0.008) ef
it m K P 90.4*** 53.8%*” 195.0%** 23.9%%* 151.0**
o] 36.8%** 116.7%** 78.5% " 0.0ns 0.2ns
TR x HE T 3.8" 10.2% %" 10.4*" 5.7%" 4.27*
x4 FELETEXIREN, P, K, Fe, Cu RIE
Table 4 N, P, K, Fe and Cu uptake of maize roots under different treatments
2K Zn0/mg-kg ™! HERiab N/mg-pot ! P/mg-pot ™! K/mg-pot ™! Fe/mg+pot " Cu/mg-pot ~!
0 M 2.14(0.26)a 0.32(0.06)a 12.9(2.85)a 6.09(1.81)a 0.039(0.006) ab
N 1.86(0.27)ab 0.28(0.08) ab 12.3(0.59)a 6.22(2.03)a 0.046(0.011)a
500 M 1.44(0.25)bed 0.26(0.03)be 11.9(2.99) ab 1.45(0.19)b 0.034(0.005) abce
N 0.79(0.19)f 0.10(0.03)d 3.0(0.81)e 0.59(0.20)b 0.030(0.004)be
1 000 M 1.37(0.20) cde 0.21(0.03)¢ 7.9(2.22)bed 1.11(0.19)b 0.039(0.008) ab
N 0.92(0.37)ef 0.13(0.03)d 6.3(2.90) cde 1.16(0.52)b 0.027(0.006) be
2000 M 1.48(0.24)be 0.20(0.03)¢ 9.4(3.73) abc 1.01(0.39)b 0.034(0.006) abc
N 1.23(0.36)cdef  0.12(0.05)d 9.2(4.69)abed  0.86(0.48)b 0.039(0.016) ab
3 000 M 1.08(0.17)cdef  0.12(0.01)d 5.0(2.10)de 0.68(0.37)b 0.027(0.006) be
N 1.00(0.56) def 0.10(0.06)d 6.3(1.45)cde 1.63(0.33)b 0.024(0.011)¢
TN 7K P 14.6% %" 23.3% 7.9% ¢ 70.5% %" 4.6%"
T 13.9%* 31.3%** 5.6* 0.0ns 0.4ns
i K x FE B 1.1ns 3.0° 4.5"" 1.4ns 1.8ns
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Xt KA KA RO, S A A R
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BRUGEE A (JUHE P) & AM HE R AR K
IR FEEHLH 22— Bk T P, ST AM
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SEEFRICR WA —E MR AR E IR
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Horpr— AR AP HLH.
2.4 FOARH EFRAPAIMR AR Zn FHD | Zn WOCE
5 AT, B 482K ZnO i I 7K SF 59 T
TG b B BR L BB A MR R Zn SR 2B
F I fH 2 000 ~ 3000 mg-kg ' B, H R
Zn THEOANFEGM. RAY R Zo & &R
L FERE AN YN K ZnO B AR ZR Zn W B 5L 8 0
(Bt R KSR ) 1 H 543 Zn R AT DU 9 A
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BRI 5K G ARMEARNTR, 1 3E pH, AL, B
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W iz

R5 FTRALEBETEXRMETHSFRERE Zn S

Table 5 Zn concentration in shoots and roots of maize under different treatments

, Zn /g kg ! Hy FFRA SRR Zn
Y2k Zn0/mg kg = TR b PR = AL
WK Zn0/mg-ke B . TS HRZI
0 M 0.092(0.003)f 0.111(0.056)d 0.82(0. 04) efg
N 0.093(0.012)f 0.116(0.031)d 0.81(0.10)fg
00 M 0.392(0.021)e 0.603(0.028)be 0.65(0.04) g
N 0.680(0.079)d 0.494(0.088) ¢ 1.41(0.37)ab
1 000 M 0.735(0.051)d 0.765(0.038)b 0.96(0.05) def
N 1.049(0. 098 ) ¢ 0.793(0.123)b 1.33(0. 18) be
5000 M 1.176(0. 100) ¢ 1.071(0.088)a 1.10(0. 09) cde
N 1. 404(0.083)b 1.256(0.266) a 1. 13(0. 17) bed
3000 M 1.403(0.085)b 1.153(0.135)a 1.26(0.27)be
N 1.949(0. 138)a 1.232(0.086)a 1.63(0.22)a
it A 267.3% %" 121.7*** 13.7%**
B 58.4%** 1.9ns 31.7%%F
it i AKX 42 TR 1.7 2.8" 6.67%%*

S5XTREAC AR HE , 902K ZnO 0 KT 32 Ab B
Mo - #B5r Zn A WAL, M 1 ER S Zn WL
W EEROIN, AR R Zn SRR Zn SR YA W
FARAk. e H A N K, 35 R AL B 1 Zn
B B PR, Zn WO A B AR IR R Zn
%A WA, {H Zn W& FE 500 mg-kg_1 .
1000 mg-kg ™" A i 3G . WK R 5 225001 R,

YK ZnO FIN K% B L B FIAR &R Zn &
A W E L EAEN.

— N AR IEH Zn F R AE 8 ~ 400
mg-kg ' ZIA], BT 400 mg-kg " A A L2 H B A
BEORE RV FEE N 48 ok ZnO K HE R, B S00
mg-kg " FEREALEE HAB AL BE P AR Zn S RIIE
2t 400 mg-kg ™' A B AW ESEIE IR, BLVI9EK
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