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ABSTRACT

Aims: Today, the use of nanoparticles has been studied in various fields of science. One
of the sectors that is perhaps less dealt with is the physiology of medicinal plants. The
present study is aimed at investigating the phytotoxicity or beneficial effects of titanium
dioxide (TiO2) and titanium dioxide nanoparticle (NP-TiO2) treatments on seed
germination, root and shoot length, photosynthetic pigments and possible inhibitory
effects particularly NP-TiO2 on Mentha piperita.
This study was evaluated in 2012-2013 in the Islamic Azad University of Falavarjan,
Isfahan, Iran, research Laboratory.
Methodology: Seeds were treated with TiO2 and NP-TiO2. Each treatment was
conducted with four replicates, and the results were presented as mean ±SE (standard
error of the mean). Germination percentage, root and shoot length and photosynthetic
pigments were analysed using the SPSS 18.
Results: The different concentrations of NP-TiO2 and TiO2 had a negative significant
effect on germination percentage and shoot length. However, root length was significantly
influenced by 100mg L-1 concentration of NP-TiO2 rather than nonNP-TiO2 concentrations.
Pronounced effect on photosynthetic pigments (chlorophyll a and b and carotenoids) was
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found in 200mg L-1 concentration of TiO2 and 100mg L-1 concentration of NP-TiO2.
Conclusion: The results of this experiment showed that TiO2 in higher concentration had
pronounced effects on photosynthetic pigments while lower concentration of NP-TiO2 had
significantly increased root length.

Keywords: Mentha piperita; TiO2; NP-TiO2; germination percentage; root length; shoot
length; photosynthetic pigments; medicinal plant.

1. INTRODUCTION

Nanoparticles are particulate with size between 1-1000nm. Nanotechnology has many
applications in different research areas such as agriculture, medicine, etc. Today, NP-TiO2 is
widely used in industry [1]. NP-TiO2 was the cause of changes in the industry and in
research. This nanoparticle usually exists in crystal forms with three titles: rutile, anatase and
brukite, and there are also noncrystallines. NP-TiO2 is applied in coated surfaces, dipole
electron tubes, optical module, disinfectant sprays, sporting goods, etc. It affects biological
systems and physiologic parameter of plants. NP-TiO2 has various effects on redox systems
oxygen (ROS) in the presence of UV radiation [2]. NP-TiO2 has increased effect on seed
germination of fennel (Foeniculum vulgare Mill) [3]. NP-TiO2 can stimulate antioxidant
system, enhance abilities of absorbing and utilizing water, and hasten germination and
growth in Glycine max [4].

Titanium is the ninth most galore element in the earth crust [3]. TiO2 is the oxide of the metal
titanium, and belongs to the family of transition metal oxides [5]. It is insoluble in water and
thermally stable [6]. The research showed that the effects of TiO2 on plants increase
chlorophyll in paprika (Capsicum annuum L.) and green algae (Chlorella pyrenoidosa) [7].

Mentha piperita is a herbaceous, perennial, glabrous and strongly scented plant and belongs
to the family Lamiaceae (Labiatae). The square stem is usually reddish-purple and smooth,
and its leaves cross it over. They are short (2.5-5 cm), oblong-ovate and serrate [8,9] .M.
piperita is a sterile hybrid mint, a cross between Mentha aquatic and Mentha spicata and it is
sold through its transplants and cultivated species. It is found wild in central and southern
Europe and native in Canada and US and has been naturalized in many parts of India
[8,10].

Chlorophylls (Chl) and Carotenoids (Car) are essential pigments of higher plant assimilatory
tissues and responsible for variations from dark-green to yellow. Car and Chl are the main
pigments of green leaves. Chl can absorb light energy from the sun and change it into
chemical energy by the carbon organic compounds existing in cells [11]. Leaf Chl content
varies within wide limits. The highest Chl content in plants occurs at the outset of the
flowering phase and Chl is part of the process of organogenesis [12].

Carotenoids (Car) are a class of natural fat-soluble pigments mainly in plants, algae and
photosynthetic bacteria where they also play a critical role in the photosynthetic process.
Carotenoids are usually represented by two (α and β) carotenes and xanthophylls (lutein,
zeaxanthin, violaxanthin), which exhibit strong light absorption in the blue region of the
spectrum and are non-uniformly distributed in photosystems and individual pigment-protein
complexes of chloroplasts [13]. They play a role in attracting pollinators and in seed
dispersal [11].
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Some reports had demonstrated that TiO2 and NP-TiO2 have a negative impact on seed
germination and growth and can induce phytotoxicity. Using TiO2 can discourage fennel
seed germination [14]. NP-TiO2 could encourage and accelerate seed germination by
helping water absorption in spinach seeds and inhibit photosynthesis in Chlamydomonas
reinhardtii [15,16]. NP-TiO2 at higher concentration decreased the shoot and root length of
radish, rape, corn, lettuce and cucumber [17]. The authors relate that nanoparticle had
inhibitory effects on seed germination and root length [18]. Some of the studies relate
nanoparticle uptake by plant roots to shoot transfer. NP-TiO2 was accumulated and
translocated to the shoots of Arabidopsis thaliana. NP-TiO2 promotes the photosynthesis and
improves growth of spinach [18,19]. The soaking of flax seeds in the suspensions of
anatase-nanoparticle has had an increased effect on seed germination and root growth [20].
A few study has been done on the effects of NP-TiO2 and TiO2 on various plants such as
Triticum aestivum, Zea mays, Salvia officinalis [3,17,21] but Mentha piperita is one of the
most important medicinal plants in the world. Unfortunately, although it is used in treatment
of many diseases such as nausea, emphysema, gastric stimulations, etc., it has been less
studied. In this study, we decided to find out the phytotoxicity or beneficial effects of different
concentrations of NP-TiO2 and TiO2 on seed germination, root and shoot length and
photosynthetic pigments of Mentha piperita. The reason for choosing the seed of this plant
rather than other parts was that its seed is difficult to cultivate and if germination is
accelerated [22], we can contribute to the increase of this plant. Moreover, their effect on
root and shoot length and the amount of photosynthetic pigments is physiologically of much
importance, because better growth of root will lead to the increase of plant access to water
and food resources in the environment it lives in. Stem growth increase will also lead to
better absorption of light when competing with other plants. As stated before, pigments are
the most important factor for absorbing the light needed for photosynthesis; and
photosynthesis is considered a vital process for any plant.

2. MATERIALS AND METHODS

In this study, we examined the effect of TiO2 and NP-TiO2 on seed germination, root and
shoot length and photosynthetic pigments of Mentha piperita. An experiment was carried out
in Laboratory Research of Islamic Azad University of Falavarjan, Isfahan, Iran.

2.1 Chemicals

Different concentrations of Titanium dioxide (TiO2, 99.99%, Merck) and Titanium dioxide
nanoparticle (NP-TiO2, 99.5%, 10-10 A, Merck) were prepared by suspending 0, 100, 200 and
300 mg L-1 in double distilled water through ultrasonication (100W, 60 KHz) for 180 minutes.

2.2 Seeds

Seeds were collected from the Pakan Bazr institute, Isfahan, Iran, and were used in this
study.

2.3 Seeds Germination

Mentha seeds were immersed in a 2.5% sodium hypochlorite solution for 15 minutes for
sterilization. After rinsing for two times with double distilled water, 10 healthy and uniformly-
sized seeds were selected and then sown at equal distance in petri dish (90mm x15mm)
lined with filter paper (Whatman No.42, Ashless, England). Then 2ml of double distilled
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water with TiO2 and NP-TiO2 suspensions was added. In every experiment, control seeds
were also taken for comparison with the treated ones. And for the control, only double
distilled water was added to the petri dish. Petri dish was kept inside the culture chamber in
a dark environment because light is one of the preventers of germination. Therefore, we
supplied a dark condition for our seeds like the one under the soil; and after the germination
process, we put them in light condition and soil to continue their normal growth.

During the experiment, germinated seeds were counted daily and were irrigated with TiO2
and NP-TiO2 suspensions (Fig.1), Following 10 days of treatment, germination percentage
was calculated using the related formula. Additionally, root length and shoot length were
measured using a ruler.

Fig. 1. Germination of seeds (control)

2.4 Measure of Pigments

Pigments were extracted by grinding 0.2g freshly sampled leaves in 80% acetone at room
temperature. Chlorophyll and carotenoids were measured using absorbent recorded at
647nm, 663nm and 470nm for maximum absorption of chlorophyll-a, chlorophyll-b and
carotenoid, respectively. The extinction coefficients were determined by a UV-Vis
spectrophotometer (Unico-UV2100). Evaluations were made for the characters of chlorophyll
(Chl) and Carotenoids (Car). The amounts of Chl (a, b) and Car were measured in
accordance with the method cited in Lichtenthaler [23].

2.5 Statistical Analysis

This study was carried out as a factorial experiment in a complete randomized design with
four replications. The results were presented as mean± SE (standard error of the mean).

The data were analysed using the SPSS18 software. The significant levels of difference for
all measured traits were calculated and the means were compared by Duncan’s multiple
range tests at 5% level.

3. RESULTS AND DISCUSSION

Table 1 shows the effect of TiO2 and NP-TiO2 concentrations on seed germination, root
length, shoot length and photosynthetic pigments.
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Table 1. Calculated mean square values from the statistical analysis corresponding to
data collected between TiO2 and NP-TiO2 of Mentha piperita

Mean square
CarotenoidChl bChl aShoot

length
Root
length

%Germinationdf Sources of
Variation

4.623E-02**0.175**1.014E-02**0.217ns0.845**22.781ns1TiO2 and Np-
TiO2(A)

0.356*2.644*8.005*9.510*8.850*1032.365*3Treatment(B)
0.152*0.458*3.062*1.089**1.549**8.615ns3A*B
3.099E-031.222E-021.675E-020.3490.18997.365Error

Note: Ns: non-significant, * P < 0.01; ** P < 0.05

3.1 Germination

The effect of different concentrations of TiO2 and NP-TiO2 on the germination compared to
the control was not significant statistically and seed germination percentage decreased when
exposed to concentrations of TiO2 and NP-TiO2 compared to control group. TiO2 and NP-
TiO2 concentration in 300 mg L-1 caused to the inhibited germination, so we showed them
just in Fig. 2 and ignored them in other figures. See Fig. 2. Other studies indicated that the
germination index for NP-TiO2 was consistently reduced with an increase in concentration.
The negative effect on seed germination suggests that the seeds were likely stressed by the
presence of TiO2 and NP-TiO2 [24].

Fig. 2. Effect of different concentration of TiO2 and NP-TiO2 (0,100, 200, 300 mg L-1) on
germination

Mean ± S.E.M = Mean values ± Standard error of means of 4 replicates

3.2 Root Length

All of the concentrations of TiO2 decreased the root length. The effect of 100 mg L-1

concentration of NP-TiO2 on root length was significantly higher than the control Fig. 3. NP-
TiO2 at a suitable concentration had promotory effect and had an inhibitory effect in high
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concentrations on root length [17]. Increasing the concentration of TiO2 and NP-TiO2 induced
aggregation of particles and clogging of root pores which interrupted water uptake by seeds
[14]. The positive effect on root length could be due to the antimicrobial properties of the
anatase crystalline structure of TiO2 that increases plant resistance to stress [20].

3.3 Shoot Length

Shoot length of Mentha piperita can be seen in graphs presented in Fig. 4. TiO2
concentrations in 200 mg L-1 saw the same effect as control group on shoot length. NP-TiO2
had decreased the effect on shoot length. The reason could be due to the application of TiO2
and NP-TiO2 which has intensely decreased shoot biomass [3]. The same results were
established by Chouychai et al. [25].

Fig. 3. Effect of different concentration of TiO2 and NP-TiO2 (0,100, 200, mg L-1 on
Root length

Mean ± S.E.M = Mean values ± Standard error of means of 4 replicates

3.4 Photosynthetic Pigments

3.4.1 Chlorophylls

Results of measuring chlorophyll content in leaves of Mentha piperita can be seen in graphs
presented in Fig. 5 and 6. TiO2 concentration in 200mg L-1 and 100 mg L-1 concentration of
NP-TiO2 had significantly increased the amount of chlorophyll a and chlorophyll b. Other
studies indicated that NP-TiO2 and TiO2 can raise the photosynthesis rate, chlorophyll
formation and nitrogen metabolism at an optimum concentration. Results suggested that the
physiological effects were related to the size of particles [15] and higher chlorophyll
accumulation may be due to complementary effect of other inherent nutrients like
Magnesium (Mg), Iron (Fe) and sulphur (S) [17]. NP-TiO2 can improve the structure of
chlorophyll, increase light absorbance, facilitate formation of pigments, better capture of
sunlight and transfer of light energy to active electrons, chemical activities and having effect
on photosynthesis [21]. The same results were established by [16,17,26].
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Fig. 4. Effect of different concentration of TiO2 and NP-TiO2 (0,100, 200 mg L-1) on
shoot length

Mean ± S.E.M = Mean values ± Standard error of means of 4 replicates

Fig. 5. Effect of different concentration of TiO2 and NP-TiO2 (0,100, 200 mg L-1) on
Chlorophyll a

Mean ± S.E.M = Mean values ± Standard error of means of 4 replicates
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Fig. 6. Effect of different concentration of TiO2 and NP-TiO2 (0,100, 200 mg L-1) on
Chlorophyll b

Mean ± S.E.M = Mean values ± Standard error of means of 4 replicates

3.4.2 Carotenoids

TiO2 and NP-TiO2 concentrations in 200 mg L-1 and 100 mg L-1 had a significant stimulant
effect on the amount of carotenoids in comparison with the control group Fig. 7.

Other studies reported that NP-TiO2 had a significant increase in Zea mays pigments such
as carotenoids and TiO2 had decreased the effect on carotenoids of Chlamydomonas
reinhardtii at first and then increased it significantly [16,21]. The carotenoid synthesis
increases as a response to quenching ROS by heavy metals. Photosynthetic pigments are
the most important internal factors. Decreased chlorophyll and carotenoids may be due to
the fact that there is an oxidative [27]. In some cases, pigment loss is due to rising levels of
toxic metals and metalloids [28].

Fig. 7. Effect of different concentration of TiO2 and NP-TiO2 (0,100, 200 mg L-1) on
Carotenoids

Mean ± S.E.M = Mean values ± Standard error of means of 4 replicates
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4. CONCLUSION

Mentha piperita L. is a medicinal plant and is used for food purposes. In order to understand
the possible positive effects of applying nanoparticle in nutrient and medicinal industry, it is
important to analyse penetration and transport of nanoparticles in plants. Results of our
studies indicated that the applied NP-TiO2 and TiO2 were clearly toxic to seed germination,
and experimental treatments had a negative effect on seed germination, while other studies
reported that they had an increased effect on germination [15,29]. TiO2 and NP-TiO2
decreased the shoot length because they can decrease shoot biomass [3]. These results will
help to understand inhibitory effects of TiO2 and NP-TiO2 and are important to the
relationship between size and concentration of materials and their effects on germination
and other parameters.

Although this study indicates the effects of TiO2 and NP-TiO2 in plant physiology, it seems
necessary to study the effects of phytotoxicity mechanisms such as the size distribution of
nanoparticles and possible positive effects of uptake and translocation of engineered
nanoparticles by plants, because plants play an important role in human lives.
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