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Fig.1 Mechanisms of ENMs affecting plant/soil microorganism ecosystems
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Table 1 Influences of ENMs on plants
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fie - i 5 Kot i
ENMs Particle size Concentration Growth
Plant Observed effects Reference
(nm) (ppm) media
A IHIR AR, T2 W 1 2 A1 A
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Table 2 Influences of ENMs on soil microorganisms
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50 1.0 [GESI0z] Hra WHIVER, sZm LA Thae [41]

Fe 10 3.2 ARG TR AR L TR W i T AMFR AT R [11]

noz 1000 W‘Eﬁ%‘ﬂ‘ T e S B £ [43]
MAEM R AR, EVENMsMRUEDASHEH]  REF WIS . 2R LA R0 LMY

B 200 . HﬁnschﬂlEmmerlingH”ﬁﬁ%ﬁfﬂ
AgNPs i SRR T A EY &, HFEIE S5 AgNPs
AW EE RIEAIC . 3) [FIFFENMs XA [ A= ) 4 52
W AN [E], RIVEN M 1 6 AR 9 2000 B AT W o 2 S 1k
Khodakovskaya%§ SR R R RS T SR
CNTsXt 50 L Y RETE S5 (52 m & SR HULFT 7R
] ( Bacteroidetes ) FI/EEEE ] ( Firmicutes ) 1
FEERG I, ZBIE T (Proteobacteria ) MWL
( Verrucomicorbia ) By =F J& P& .

A ARK, XEEHFTE MR EE R LT R
e 1) Z2E0BUEY X RIEFTHIFE, R
DIREUAE YRR . 2) Z40XF T A E B V%
ZAEPERINRERY ST, X I E R D
3) BARENMs X RUEYE Rt C T iz T,
AT AT A SETE BT, BB LI 2R
Bi. 4) HETHFIE 2 J2E B —ENMs B3 Y A4 85
BE, HAREE P Z M ENMsILAE, [R5 e Rt
FEENMs )52 5 300 2 42 11 46 78 ENMs X - 3 frle A= 49
APV 21

3 FHWYI-BUE WS ENMSs A 230N 19 R s
) Rk 2B ) S 1 2 2R 0 1 B B 2 B 4

AR, Y-S Z MAF R DI R, A
TEFMITI 0 o YRR RS RGN A

PEHtRE YT, [F]AIE A T 52 B S e AR )
RS BRI s T SR A RS
RGN, ¥ LRI A VLR H A LR
gy, DRI AEY ORI o AETs g - 3grh, B9
T i R G e - RS e, A
ok B B A 1 W B 4 e B i Ak A i
Y 032 4 Ja 1) 2 T i 2 o G I TG Pk, B
R BUR AW IR DO eR v matos | SN NI T PR EE S
VIR EE T . ENMsAE Ry —Fh o 8 i W 7E 15
gy, WEIE R B Y TT B ENMs 9 2 97 1
SZURENMs 1Y F 90 A2 08007, T AR A0 1 28 A A 52
HENMs P HAEY SR (F2) .

FEL ) - T A= ) X EN M s A 28 300 19 = 7t 6 45 PR
JEE S AR ENMs = A SOBHE T, 2 IENMs
MR AE RN s RZ, AP ENMs = A4 R i54FE
H . ENMs @G0 RS RO kAR A . 55Uk
Yy 1 i A, AR AR, AR
TENHERE . O AR kKA YR 8 i A & 5
FLACH = W52 i ENMs (9 15 P, 2E T 828 ENMs 1)
LY E RO . Blan, Dimkpas ' BFSY % HLIE
A ( Pseudomonas chlororaphis 06, PcO6) 5
fitt T CuONPs X R G AR AMRIVER], I A& 903
G fHAE R R T PcO65 I B HL AR5 ) S ENMs B
TR 4 J8 B 456 B B ENMs R & T FEAIR 1
ENMs F 8 ¥ 214 L5 o MEFHMWER (Arbuscular

http: //pedologica. issas. ac. cn



53 &

BREE

TEAGLERES,

LERIFITIE?

i

+F-/ENMs, i/NENMs(iy

TR RE
[H#IR?

s

P2 AHY) AR P ENMs A 253000 1Y S 15

Fig.2 Feedbacks from plant-microorganisms on eco-effect of ENMs
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Review of Researches on Influences of Engineered Nanomaterials on Plant-microorganisms

CAO Jiling" ?

FENG Youzhi'

LIN Xiangui''

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing

Abstract

210008, China)

(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Engineered nanomaterials ( ENMs ) , a kind of intentionally produced materials formed of

particles varying from 1 to 100 nm in particle size, possess unique physicochemical properties that are not

shared by any of their corresponding bulk materials. Due to their unique physicochemical properties, ENMs

are getting more and more extensive in application to a wide range of technical fields in human production

and life. Hence, it has become inevitable for ENMs to get released into the environment. ENMs enter into

farmlands with ENM-containing pesticides, fertilizers and slurries from wastewater treatment facilities,

posing potential risks to agricultural ecosystems. Being the essential components of an agricultural ecosystem,

plants and soil microorganisms play critical roles affecting fate and transport of ENMs in the environment

though adsorption, uptake and bioaccumulation. Therefore, how they affect plants and microorganisms
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ecologically attracts increasing attention from researchers the world over. Their researches may provide some
valuable information to a better understanding of the consequences of introducing ENMs into ecosystems.
Besides, as plants and microorganisms are closely related to each other, interact with each other and mutually
influence each other, they form a plant-microorganism ecosystem. In this review, influences of ENMs on
plants and microorganisms in the ecosystem are summarized. First, mechanisms of the potential ecotoxicities
of ENMs and their relationships with the special properties of ENMs were collated and then researches of
influences of ENMs on plants, soil microorganisms and plant-microorganism ecosystems were expounded. The
review reveals that ENMs may have some impacts, varying in degree, on plant and microbes, and degree of
the impact is related to kind of ENMs and species of the object and could be divided into three categories,
negative, positive and insignificant. Moreover, researches have found plants and microbes may have some
potentials to affect bioavailability of ENMs, which may serve as feedback to the ecological effect of ENMs
on the plant-microorganism ecosystem. Recent studies on actual plant-microbe ecosystems found that ENMs
affected functioning of arbuscular mycorrhizal fungi and azotobacters and excretion of iron chelator from soil
microbes in the plant rhizosphere, thus altering eco-effect of ENMs, which suggests that to deem plants and
soil microbes as an entity in the research may help the researchers go further in depth in studies on eco-effects
of ENMs. Finally, the review lists out problems existing in the current researches with their pathways and
techniques and focal points as well in ongoing researches.

Key words Nanomaterials; Plant; Soil Microorganisms; Toxicity; Feedback
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