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a b s t r a c t

The aim of this study was to compare the toxicity effects of carbon nanomaterials (CNMs), namely
fullerene (C60), reduced graphene oxide (rGO) and multi-walled carbon nanotubes (MWCNTs), on a mini-
ecosystem of rice grown in a loamy potted soil. We measured plant physiological and biochemical pa-
rameters and examined bacterial community composition in the CNMs-treated plantesoil system. After
30 days of exposure, all the three CNMs negatively affected the shoot height and root length of rice,
significantly decreased root cortical cells diameter and resulted in shrinkage and deformation of cells,
regardless of exposure doses (50 or 500 mg/kg). Additionally, at the high exposure dose of CNM, the
concentrations of four phytohormones, including auxin, indoleacetic acid, brassinosteroid and gibberellin
acid 4 in rice roots significantly increased as compared to the control. At the high exposure dose of
MWCNTs and C60, activities of the antioxidant enzymes superoxide dismutase (SOD) and peroxidase
(POD) in roots increased significantly. High-throughput sequencing showed that three typical CNMs had
little effect on shifting the predominant soil bacterial species, but the presence of CNMs significantly
altered the composition of the bacterial community. Our results indicate that different CNMs indeed
resulted in environmental toxicity to rice and soil bacterial community in the rhizosphere and suggest
that CNMs themselves and their incorporated products should be reasonably used to control their
release/discharge into the environment to prevent their toxic effects on living organisms and the po-
tential risks to food safety.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

With the rapid development of nanotechnology, the use of a
variety of carbon nanomaterials (CNMs) is increasing because of
their unique properties. For example, fullerene (C60) is used in
electronics, solar cells and biomedicine (Cho et al., 2010; Ngan et al.,

2015; Liu et al., 2015c), and carbon nanotubes (CNTs) are broadly
applied in computers, aircraft airframes, and as drug delivery car-
riers (De Volder et al., 2013; Lanone et al., 2013). Furthermore,
reduced graphene oxide (rGO) is widely used in lithium ion bat-
teries and for pollutant removal (Liu et al., 2015a; Zhang et al.,
2016a). With the growth of these applications, CNMs will
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inevitably be released into the environment during their life cycles
(Bindraban et al., 2015; Liu and Lal, 2015; Oyelami and Semple,
2015; Pezzuto et al., 2015). Therefore, a thorough understanding
of the ecological effects of CNMs is urgently needed.

The interactions between CNMs and plants have been widely
investigated. For example, concentrations of graphene ranging
from 250 to 1500 mg/L inhibited wheat growth in 30-day hydro-
ponic experiments, primarily because of oxidative stress (Zhang
et al., 2016b). 13C-labeled fullerenol (2.5, 5, and 10 mg/L) had no
influence on wheat stem and leaf development but enhanced root
elongation during hydroponic cultivation for 7 days (Wang et al.,
2016a). Hydroponic exposure to 1000 and 2000 mg/L water-
soluble carbon nanodots for 4 weeks inhibited maize growth and
increased hydrogen peroxide (H2O2) concentration and antioxidant
enzyme activities (Chen et al., 2015). Multi-walled carbon nano-
tubes (MWCNTs) decreased the total number of flowers of red
clover when applied to the soil at the concentration of 3 mg/kg and
increased biological nitrogen fixation by 8% at the concentration
3000 mg/kg, but had no impact on plant biomass or root coloni-
zation by arbuscular mycorrhizal fungi (AMF) (Moll et al., 2016). At
the concentration of 10 mg/L, MWCNTs promoted growth of salt-
stressed broccoli (treated with 100 mM NaCl) as indicated by
increased net CO2 assimilation and water uptake (Carmen
Martinez-Ballesta et al., 2016). Thus, CNMs could exhibit both
positive and negative effects on plant growth. However, due to the
limitations of the status of the previous studies, it is difficult to
conclude whether such variance depends on plant species, CNM
types, or other factors such as substrates, pH, and exposure time.

In a plant-soil system, soils play an essential role in maintaining
plant growth. Majority of previous studies focused on CNM
phytotoxicity to the terrestrial plants. Few of studies took the roles
of microorganisms in rhizosphere into account under the back-
ground of CNM contaminations, although the effects of CNMs on
alteration of soil bacteria were investigated (Jin et al., 2014).
Therefore, the interaction between CNMs and the rhizosphere
bacterial community is a focus of increasing research attention. As
the major CNM, the effects of CNTs on soil microorganisms have
been widely investigated. Shrestha et al. (2013) used a pyrose-
quencing method to analyze the bacterial community in sandy
loam soil and found that MWCNTs at 1000 mg/kg altered the
abundance of bacterial genera over a 90-day incubation period. By
contrast, Khodakovskaya et al. (2013) used denaturing gradient gel
electrophoresis (DGGE) and pyrosequencing techniques in a tomato
plantesoil system and found that MWCNTs had no apparent effect
on soil bacterial diversity after 9 weeks of exposure. The compo-
sition of the soil microbial community is also altered by single-
walled carbon nanotubes (SWCNTs), with bacterial abundance
positively correlated with the exposure dose (R2 ¼ 0.27) (Jin et al.,
2014). Functionalized MWCNTs (fMWCNTs) are widely used in in-
dustrial products. Kerfahi et al. (2015) assembled carboxyl groups
on the surface of MWCNTs in acidic solutions and observed sig-
nificant changes in the relative abundance of the dominant bacte-
rial phyla after 8 weeks exposure to the fMWCNTs, primarily
reflecting their acidic nature, whereas raw multi-walled carbon
nanotubes (rMWCNTs) did not affect composition of the soil mi-
crobial community. In addition to CNTs, researchers have studied
the microbial toxicity of other important CNMs. For example, Ren
et al. (2015) showed that 60-day exposure to a graphene concen-
tration of 1000 mg/kg soil did not affect the abundance of most
bacterial phylotypes but altered bacterial populations at the genus
level, including Nitrospira and Planctomyces, which are involved in
nitrogen biogeochemical cycles. Du et al. (2015a) reported that
graphene oxide induced a targeted increase in some nitrogen-
fixing and dissimilatory iron-reducing bacteria, with subsequent
compositional changes in the entire soil bacterial community. Ge

et al. (2016) observed that MWCNTs and graphene cause moder-
ate changes to arid soil communities after 1 year of cultivation,
although the effects were similar to those caused by biochar. Tong
et al. (2016) observed that small-sized fullerene aggregates tended
to negatively affect the soil biota and that soil organic matter
regulated the effects of C60 on soil bacterial communities. Given the
evidence that CNMs altered the diversity and composition of soil
bacterial community, questions on how such alteration directly or
indirectly influence on plants remain unsolved.

Besides analysis of the diversity of soil bacterial community as
affected by CNMs, soil microbial biomass carbon (SMBC) is another
crucial parameter, which indicates the balance in soil organic
matter between soil carbon release and sequestration in the plant-
soil-microbial ecosystem (Thakur et al., 2015). Although SMBC
contributes only 1e4% of the total soil carbon, it is the most active
portion of the soil carbon pool (Balota et al., 2003). Many recent
studies demonstrate a close relationship between nanoparticles
and SMBC. For example, silver, nickel or cobalt nanoparticles
significantly decrease SMBC concentration after 28-day exposure
(Antisari et al., 2015). Under flooding, copper oxide nanoparticles
strongly decreased the SMBC concentration in paddy soil (Xu et al.,
2015). However, exposure to TiO2 nanoparticles has no effect on
SMBC concentration. Exposure to SWCNTs at the concentration of
1000 mg/kg decreased the SMBC concentration in urban soils by
27% relative to the control group after 3-week incubation (Jin et al.,
2013). Similarly, exposure to MWCNTs at the concentration
5000 mg/g strongly decreases SMBC concentration, in addition to
depressing activities of soil phosphatase, 1,4-b-N-acetylglucosa-
minidase, 1,4-b-glucosidase, cellobiohydrolase, and xylosidase
(Chung et al., 2011). The evidence that the presence of NMs altered
the SMBC suggested that it is of importance to understand the
consequence of such alteration resulted by different CNMs to plants
in an identical plant-soil-bacterial system.

Furthermore, few studies have focused on the effects of CNM on
plantesoilemicrobe ecosystems as an entire system, even though
plants and microorganisms both perform important functions in
maintaining soil quality and nutrient structure in the rhizosphere
of agricultural soils. Therefore, in the present study, we exposed a
hybrid rice line to three types of CNMs, comprising MWCNTs, rGO,
and C60, applied at two concentrations (50 and 500 mg/kg) for 30
days. The main objective of the study was to investigate the effects
of different types of CNMs on crop growth and concurrent impacts
on the composition of the soil bacterial community. At harvest, the
concentrations of four phytohormones, comprising indoleacetic
acid (IAA), indolepropionic acid (IPA), brassinosteroid (BR), and
gibberellin gibberellic acid4 (GA4), were determined to assess
whether the presence of CNMs may affect plant growth by regu-
lating phytohormone levels. The antioxidant defense system is an
additional indicator of the plant's resistance to abiotic stresses
induced by CNMs. In addition to categorization of antioxidant iso-
zymes and determination of the predominant isoform, we
measured the activities of superoxide dismutase (SOD) and
peroxidase (POD) in the roots of rice plants treated with different
concentrations of CNMs. Paired-end sequencing was used to
analyze whether exposure to different types of CNMs may signifi-
cantly alter the composition of the soil bacterial community. The
findings provide important information on the effects of CNMs in a
plantesoilemicrobe system and of the environmental risks of
specific CNM.

2. Materials and methods

2.1. Sample preparation and CNM characterization

The C60 was purchased from Puyang Yongxin Fullerene

Y. Hao et al. / Environmental Pollution xxx (2017) 1e142

Please cite this article in press as: Hao, Y., et al., Carbon nanomaterials alter plant physiology and soil bacterial community composition in a rice-
soil-bacterial ecosystem, Environmental Pollution (2017), https://doi.org/10.1016/j.envpol.2017.09.024



Download English Version:

https://daneshyari.com/en/article/8857530

Download Persian Version:

https://daneshyari.com/article/8857530

Daneshyari.com

https://daneshyari.com/en/article/8857530
https://daneshyari.com/article/8857530
https://daneshyari.com

