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Abstract

A medicinal plant was evaluated for the effect of multi-walled carbon nanotubes (CNTSs) using germination and
seedling growth of Cichorium intybus L. The experimental treatments included four concentrations of multi-
walled carbon nanotubes (10, 50, 100 and 200 ppm ) and control without carbon nanotubes. Results indicated
that among the Cichorium intybus germination indices, germination percentage, mean germination time and
weighted germination index was not affected by treatments, however phytotoxicity was observed at 10 ppm
CNTs, since a significant reduction in RGP,GR and GI was observed. In addition, plumule length, radicle length,
seedling fresh and dry weight and vigor index were not affected by carbon nanotubes concentrations,
significantly. Seedling fresh weight at 100 ppm concentration of carbon nanotubes was higher than the
untreated control. It is concluded that treatment with multi-walled carbon nanotubes reatments have more

inhibitory effects on germination indices of Cichorium intybus in comparison to seedling growth phase.
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Introduction
Observing and understanding the interactions
between  vascular  plants and  engineered

nanomaterials (ENMs) has become a current concern.
Interest in this field arises from the potential
nanotechnological applications of ENMs and their
consequent environmental impact. It has been
experimentally observed that specifi c¢ types of
nanoparticles in low doses are able to activate
physiological processes in plants. For example, TiO2
nanoparticles at an optimal concentration were able
to improve the growth of spinach plants through
activation of photosynthesis (Zheng et al., 2005;
Klein et al.,, 2008). The positive effects of carbon
nanotubes on plant growth and development has
been described by number of research groups. Thus,
increase of root growth in response to carbon
nanotubes was documented for onion, cucumber
(Canas et al., 2008) and ryegrass(Lin, 2007). It was
recently demonstrated that multi-walled carbon
nanotubes (MWCNTS) can activate growth of tomato
plants(Khodakovskaya et al., 2009) and affect the
expression of genes that are essential for cell division
and plant development(Khodakovskaya et al., 2009;
Khodakovskaya et al., 2011). Liu et al. (2009)
demonstrated that single walled nanotubes
(SWCNTs) can penetrate the walls and membranes of
tobacco cells. The ability of nanoparticles to penetrate
plant cells has generated interest in the possibility of
using nanoparticles as smart treatment-delivery
systems in plants(Gonzalez et al., 2008). Torney et
al.(2007) have reported that goldcapped mesoporous
silica nanoparticles (MSNs) are able to penetrate cell
walls and deliver DNA into plant cells by using a
bombardment method. Nanocapsules can be used to
deliver herbicide to plants. Carbon nanotubes (CNTs)
have become one of the most studied and exploited
ENMs due to the outstanding electronic, mechanical
and structural properties that their arrangement of
graphite layers confers upon them (Smart et al.,

2006).

CNTs are

nanotechnology can benefit widely from their

promising nanotools and plant

manipulation and internalisation in plants. However,
to date, studies regarding the mechanism of
phytotoxicity and bioaccumulation of CNTs in plants
are limited and report contradictory results on species
germination and growth (Cafias et al., 2008; Lin et
al., 2009; Khodakovskaya et al., 2011). Besides the
intrinsic differences regarding the plant species, great
variability arises from the CNT material, as CNT
samples may differ in CNT length, diameter and, in
particular, the content and bioavailability of the
metallic impurities present (Guo et al., 2007). The
detection and imaging of CNTs in biological tissues is
challenging as their carbonaceous composition
impedes detection by elemental analysis, while
imaging using electron microscopy is hindered by low
contrast and small diameter The present work was
aimed at studying the effect of MWNTs, on Cichorium

intybus L. germination indices and seedling growth.

Materials and methods
Cichorium intybus L. seeds were taken from the
Pakan Bazr Company, Isfahan Province, Iran. multi-
walled carbon nanotubes was supplied by Nutrient
Company.The size and topography of multi-walled
carbon nanotubes (Figs. 1 and 2) were determined by
scanning tunneling microscope (STM) in the Central
Laboratory of Ferdowsi University of Mashhad, Iran.
X-ray diffraction (XRD) pattern of multi-walled
carbon nanotubes was shown in Fig. 3. XRD
measurement showed that the used multi-walled

carbon nanotubes were made by carbon.
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Fig. 1. Image of carbon nanotubes by STM.
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Fig. 2. Topographic image of carbon nanotubes by
STM.
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Fig. 3. XRD pattern of carbon nanotubes.

Experimental Design

In order to study the effect of different concentrations
of carbon nanotubes on Cichorium intybus
germination, a randomized completely design with
four replications was employed. The experimental
treatments included four concentrations (10, 50, 100
and 200 ppm ) of carbon nanotubes and untreated
control (without carbon nanotubes). The experiment
was conducted in laboratory conditions with natural
light and an average temperature of 25+1°C at the
Faculty of Science, Mashad Branch, Islamic Azad
One hundred

seeds of similar size were randomly selected and

University, Mashhad, Iran, in 2014.

placed on moistened paper as four groups of seeds in
Petri dishes, and then 10 ml of each concentration
treatment was added to each Petri dish. For the
control, only distilled water was added to Petri dishes.
Germination tests were performed according to the
rule issued by the International Seed Testing
Association. All concentrations of carbon nanotubes
and the control were run at the same time and
consequently under equal light and temperature

conditions. The number of germinated seeds was

noted daily for 7 days. Seeds were considered as
germinated when their radicle showed at least 1 mm
length. In this study, we used following germination
parameters: Germination percentage (GP, %),
(RGP),

germination time (MGT), Germination index (GI) and

Relative germination percentage Mean
Weighted germination index (WGI). Final percentage
germination (GP) for each treatment was calculated
after seven days. The germination index (GI) is based
on number of seeds that germinated and the
germination rate( Figueroa and Armesto, 2001; Bu et

al., 2007; Wu and Du, 2007).
GP =100 x GN / SN

GN is the total number of germinated seed, SN is the

total number of seeds tested

RGP = GP treatment / GP control x 100
GR= Ev,_'i't JEix100
Where i is the number of days since the day of sowing

and Gi is the number of seeds germinated on day I.
Gl = (Z(N —i)xG,)x100/(N xGN)

GI is a synthetic measure designed to reflect the
synthetical germination ability including germination
rate and germination numbers. Where i is the number
of days since the day of sowing and Gi is the number

of seeds germinated on day I.

A weighted germination index (WGI) as described by
Bu et al.(2007) was calculated with maximum weight
given to the seeds germinating early and less to those

germinating late.
WGI =[Nxn+(N-Dxn,+(N-Z)xng+..]/NxN’

where ni1, n2, ..., n60 are the number of seeds that
germinated on first, second, and subsequent days
until the 60th day, respectively;N is total days of
experiment;N” is the total number of seeds placed in

incubation.

Vigor index = germination% x seedling length(root +

shoot).
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After an incubation period of 7 days, plumule and
radical length of seedlings were measured using a
ruler. In order for dry biomass to be weighed, the 7-
day seedlings were first weighed; then, having been
placed in oven at 80°C for 48 h, they were weighed

for a second time.

TTC viability tests for root tips

2, 3, 5-triphenylte trazolium chloride (TTC) was used
as a histopathologic stain for testing the viability of
root tips. The test was as follows: 5 mL of 0.5%
solution of TTC was added to test tubes containing
root tips, the temperature was kept at 35 + 1°C. After
5 h in the dark, the TTC solution was removed with a
syringe and root tips were thoroughly rinsed with
distilled water and then examined. The redcolored
root tips were considered to be viable and others were

non-viable or dead (Shaymurt et al., 2012).

Data Analysis

Significant differences for all statistical tests were
evaluated at the level of P < 0.05 with ANOVA. All
data analyses were conducted using SPSS for

Windows, Version 13.0.

Results

After seven days, the germination percentage of
Cichorium intybus seeds were calculated for each
concentration of CNTs. The exposure of  the
Cichorium intybus seeds to the CNTs showed no
significant difference  between germination
percentage of CNT treatments and control . For the
seeds grown on control media without any CNTs, the

germination percentage was 84.72%,. The lowest and

highest germination percentage (71.25% and 90%)
were found in 10 and 50 ppm concentration CNTs,
respectively (Table 1). Also the highest germination
rate (24.8%) was shown in 50 ppm CNTs that had no
significant difference with other treatments, except 10
ppm CNTs . The lowest mean germination time (4
day) was found in 200 ppm concentration CNTs, and
the highest(4.16 day) was shown in 10 and 100
treatments that had significant difference with 200
ppm CNTs. In the media containing 50 and 200 ppm
CNTs, the relative germination percentage (106.9 and
100 respectively) were higher than Other treatments

ppm
treatment(Table 1). The highest germination index

and had significant difference with 10

(42.28) was found in 100 ppm CNTs treatment and
the lowest(40.17) was shown in 10 ppm treatment
that had significant difference with the control and
other treatments (Table 1). Different concentrations
of CNTs

germination index of Cichorium intybus seeds. The

did not significantly affect the weighted

effect of studied treatments on plumule and radicle
length was not significant. Plumule length at all of
treatments of CNTs was higher than control although
all CNTs treatments decresead radicle length in
comparison with the control (Table 1). The lowest
seedling fresh biomass was found in the control and
200 ppm CNTs concentration, that had significant
difference with 100 ppm. Experimental treatments
not affected seedling dry biomass significantly. The
lowest seedling dry biomass (0.009 g) was found in
50, 100 and 200 ppm concentration CNTs, and the
highest was shown in the control and 10 ppm treatment(
0.01 g)(Table 2). Vigor index was not affected
significantly by CNTs concentrations(Tables 2).

Table 1. Effect of different concentrations of carbon nanotubes on seed germination of Cichorium intybus.

Carbon nano tube

Germination

Concentration(ppm) Germination(%) RGP Rate(%Day-1) MGT(Day) GI WGI
10 71.25b 73.82b 21.80b 4.16 a 40.17b 0.542b
50 90 a 106.94 a 24.80a 4.04 ab 42.21a 0.562 a
100 84.25 ab 94.33 ab 23.80 ab 4.16 a 42.28a 0.557ab
200 87.5a 100 a 24.42 a 4b 41.70a 0.557ab
Control 84.72ab - 23.80a 4.06 ab 42.03a 0.550ab

Means in each column followed by similar letters are not significantly different at the 5% probability level using

Duncan's multiple range test.
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Table 2. Effect of Carbon nanotubes concentrations on seedling growth of Cichorium intybus.

Carbon nano tube Plumule Radicle Seedling Fresh Seedling Dry Vigor
Concentration(ppm) Length(cm) Length(cm) Biomass(g) Biomass(g) Index
10 4.05a 5.00 a 0.29 ab 0.01a 7.12a

50 3.74 a 4.33a 0.30 ab 0.009 a 6.83a

100 4.03a 4.66 a 0.32a 0.009 a 7.52 a

200 3.78 a 4.76 a 0.28b 0.009 a 8.54a

Control 3.4a 5.11a 0.28b 0.01a 8.64 a

Means in each column followed by similar letters are not significantly different at the 5% probability level using

Duncan's multiple range test.

The TTC tests showed that the effects of carbon
nanotubes on root tips not varied with concentrations

applied except for 10 ppm treatment(Fig. 4). For 24-h

treatment all root tips were colored red, but root tips

of 10 ppm treatment were less red than others.

Fig. 4. TTC tests for different concentrations of carbon nanotubes(Right to left: control, 10, 50, 100 and 200 ppm

treatments).

Discussion

The major aim of this study was to provide
information on MWCNT effect on seed germination
and seedling growth of a medicinal plant, Cichorium
intybus. Previously, limited reports indicated both
positive and negative effects of different nanoparticles
on plant physiology(Klaine et al., 2004). It was
demonstrated that nano-TiO2 treatment in proper
concentration accelerated the germination of the aged
spinach seeds and increased its vigor ( Zheng et al.,
2005). Nanoparticles (Pd, Au at low concentrations;
SiCu at higher concentrations, and combination of Au
and Cu) also had a positive influence on lettuce seed
germination, measured in terms of shoot to root ratio
and growth of the seedling( Adhikari et al., 2009).
Some other studies also support the positive effects of
suspensions of nanomaterials on seed germination
and root growth of nine different crop species,such as
tomato ( Mariya et al., 2009), radish (Raphanus
sativus), rape (Brassica napus), rye grass (Lolium
perenne), lettuce (Lactuca sativa), corn (Zea mays),
cucumber (Cucumis sativus) (Lin, 2007), zucchini
(Stampoulis et al., 2009), onion, and cucumber (

Caiias et al., 2008). There were also negative reports

of nanomaterials for seed germination and root
growth, such as the inhibition effect on ryegrass and
corn(Lin, 2007). Nanomaterials have also been
reported to have no influence on the germination and
root growth of tomato, cabbage, and carrots
(Khodakovskaya et al, 2009)

Effect of MWCNTs on plants has already been
described by others(Villagarcia et al., 2012; Liu et al.,
2009; Canas et al.,, 2008; Mariya et al., 2009).
Preliminary studies have provided evidence that
MWNTs and SWNTs are pathogenic to animals
(Poland et al., 2008), yet they have different effects
on plants. MWNTs were shown to considerably
increase the growth rate of tomato seedlings
(Khodakovskaya et al., 2009), have no effect on the
growth parameters of wheat (Wild et al., 2009), and
inhibit the growth of rice seedlings (Lin et al., 2009).
SWNTs have been shown to suppress the growth of
tomato roots, but stimulate the root growth of onion
and cucumber (Canas et al., 2008). In contrast,
MWNTs have a toxic effect on Arabidopsis cultured
cells (Lin et al, 2009). The reason for the
contradictory conclusions of different reports may be

due to the type of plant species, the nature of
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nanomaterials, and the concentrations of
nanomaterials (Zhao et al., 2008; Poland et al., 2008;

Khodakovskaya et al., 2009 ).

Our results demonstrated, for the first time, that
carbon nanotubes had no significantly effect on
Cichorium intybus seed germination and seedling
growth at most used concentrations that were
consistent with previous reports(Villagarcia et al.,
2012). Distribution of MWCNTSs among plant tissues
is not homogeneous, they are more accumulated in
newly developed leaves and in peripheral areas of
leaves, i.e. in areas of active growth. It suggests that
CNTs would be transported to plant leaves as if they
were nutrients certainly via the sap flow as suggested
in other articles(Lin et al., 2009; Zhang et al.,2011). If
CNTs were perceived by plants as toxicants then their
distribution would be characteristic of a detoxification
process. For instance they would accumulate in plant
trichomes like metals such as Cd or Zn (Isaure et al.,
2006; Sarret et al., 2009). At the cell scale CNTs are
observed in vacuoles and not in other cell
compartments. This distribution suggests that they
are sequestered in compartments that keep them
away from active metabolic sites. This is a classical
mechanism tolerance to

of plant exogenous

compounds (Memon and Schroder, 2009).

Conclusions

In this article we provide information of MWCNT
effects on a medicinal plant, Cichorium intybus. On
the basis of the results, it is clear that seed
germination was not affected by the CNTs and this
indicates a compatible nature for the germination of
this medicinal plant seeds and non-hazardous nature
of the CNTs on them. Also the Cichorium intybus

was observed as the tolerant plant.
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