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Abstract With the development of nanotechnology, metal

oxide nanoparticles have been applied in many industries,

increasing their potential exposure level in the environ-

ment, yet their environmental safety remains poorly eval-

uated. Present work demonstrated the effects of ZnO and

TiO2 nanoparticles on the germination, morphoanatomical

attributes and biochemistry of Cicer arietinum. The

nanoparticles are used in three doses, i.e., 100, 500 and

1000 ppm along with control and each dose has three

replicates. Results demonstrated that ZnO nanoparticles did

not aid in the germination of seed, whereas TiO2

nanoparticles showed positive impact on germination at

48-h observation. But at 72-h observation both the

nanoparticle-treated and control seeds showed 100% ger-

mination. Morphological parameters revealed that ZnO

nanoparticles have drastic negative impact on both root and

shoot length, root and shoot fresh and dry biomass. On the

other hand, the status of chlorophyll is almost opposite, i.e.,

ZnO nanoparticle-treated plants showed higher pigment

content than TiO2 nanoparticle-treated plants. From the

statistical point of view, it is revealed that ZnO nanopar-

ticle-treated plant showed significantly different results

than that of TiO2 nanoparticle-treated plants in Chl ‘a’

(p\ 0.001), Chl ‘b’ (p\ 0.001), total Chl (p\ 0.001) and

carotenoid (p\ 0.001) content. Therefore, from these

observations it can be concluded that ZnO nanoparticles

showed positive effect on plant pigment content.

Transverse sections of root clearly revealed the formation

of vascular bundle, and parenchyma tissue is hampered in

all the ZnO nanoparticle-treated plants. However, well-

formed vascular bundles and other tissue systems are

clearly visible for TiO2 nanoparticle-treated roots. This

work shows a combination of both positive and negative

effects of ZnO and TiO2 nanoparticles on a dicot plant.

Present observation is very much important to understand

the morphological, biochemical and anatomical alteration

of plant system under the influence of ZnO and TiO2

nanoparticles. This will help to utilize the nanoparticles in

a managed way where nanoparticles with harmful effect on

biological systems can be used in such a way to reduce

their exposure to environment, and on the other hand,

nanoparticles showing positive effect on biological systems

may be used as growth enhancers or biofertilizers. More-

over, these results further strengthen our understanding of

environmental safety information with respect to metal

oxide nanoparticle.

Keywords ZnO and TiO2 nanoparticles � Germination �
Morphology and biochemical parameters

1 Introduction

A special branch of technology known as nanotechnology

has gained attention of researchers for the recent years. The

term ‘nano’ can be defined as the atomic or molecular

aggregates with at least one dimension between 1 and

100 nm (Roco 2003). Nowadays, engineered nanomaterials

have versatile application in the field of cosmetics, phar-

maceuticals, energy, agriculture, etc. (Castiglione et al.
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2011). There is a controversy for health risk and benefits of

nanoparticles on both flora and fauna (USEPA 2007).

Nanotechnology is absolutely a new emerging field, and

basically there are evidences of several negative effects on

growth and development of plantlets (Castiglione et al.

2011). Previous research highlighted on the phytotoxicity

of nanoparticles in different medium such as agar medium,

filter paper on petri dish and soil for seed germination and

root elongation (Zheng et al. 2005; Khodakovskaya et al.

2009; Doshi et al. 2008; Song et al. 2013). Lin and Xing

(2007) also examined the phytotoxicity of five different

types of nanoparticles such as multi-walled carbon nan-

otube (MWCNT), aluminum (Al), alumina (Al2O3), zinc

(Zn) and zinc oxide (ZnO) on the seed germination and

seedling root growth of six higher plant species. However,

the entire reported nanoparticles dose not exhibited same

pattern of toxicity (Thuesombat et al. 2014). Lin and Xing

(2007) reported that ZnO nanoparticles significantly

decreased the seedling biomass and caused root tip

shrinkage and collapse of the root epidermis, cell inter-

nalization and translocation of L. perenne. On the other

hand, Zheng et al. (2005) reported that TiO2 nanoparticles

can exhibit negative impact on the photochemical reaction

of chloroplasts of spinach (Spinacia oleracea). In addition,

increased germination rate and germination index for S.

oleracea were noted after exposure to TiO2 nanoparticles

at 0.25–4% (w/v) but not with larger TiO2 particles at the

same concentrations.

Zinc (Zn) is considered as an essential micronutrient for

both plants and animals (Singh et al. 2004). It is absorbed

by higher plants mainly as a divalent cation (Zn2?).

Moreover, this metal is extremely essential for plant’s

enzyme system as it acts as cofactors, metal components

and other regulatory factors of many enzymes (Prasad et al.

2012). So far as plant nutrients are concerned, in India,

amongst the yield-enhancing micronutrients, Zn comes in

the fourth position just after nitrogen (N), phosphorous

(P) and potassium (K), whereas in plants, titanium (Ti) is a

non-available element in natural conditions. But it can be

considered as a beneficial element in fixation of nitrogens

(Carvajal and Alcaraz 1998). However, Ti in its nanoform

can be uptaken by plants and can affect the plant system in

various ways.

Apart from natural source of zinc in the environment,

zinc nanoparticles are now used in many field and from

there it gets contaminated which makes it available for

uptake by plants. Being environmentally safe, it is applied

for various biological purposes like drug delivery, gene

delivery. ZnO nanoparticles are toxic to many cell lines, so

it is utilized for treating cancer cells and many other bac-

terial cells. Moreover, it is utilized in solar cells, sensors,

photocatalytic purposes (Vaseem et al. 2010). On the other

hand, TiO2 nanoparticles are available in nature as it is

used in dye sensitization, doping, coupling and capping,

wastewater treatment, hydrogen production by water

splitting and pesticide degradation (Gupta and Tripathi

2011). TiO2 nanoparticles are also used in tablet coating,

sunscreen preparation, food additive, sanitary ceramics,

antifogging glasses, etc (Lang et al. 2010).

There is a need of being aware about the possible risks

of nanomaterials to plant systems as it is utilized in many

fields. It is also a necessary search because the nanoparti-

cles can also be utilized as enhancers for plant systems

(Rahmani et al. 2016). Increased research is going on the

effects of metal nanoparticles on plant systems. Although

plenty of researches have been done on nanoparticles

synthesis and their application on biological systems (Ho-

maee and Ehsanpour 2015; Rahmani et al. 2016), works

observing the effect of nanoparticles on the morphological,

physiological and biochemical parameters of plant systems

are scarce. Different concentration of same nanoparticles

elicits different effects on plant systems; i.e., low concen-

trations of nanoparticles may not show any adverse effect

on plant, but higher concentrations may cause positive or

negative effects on plants (Thuesombat et al. 2014). Very

recently, Zuverza-Mena et al. (2016) suggested that both

TiO2 and ZnO have positive or negative phytotoxic effect.

Boonyanitipong et al. (2011) reported that ZnO nanopar-

ticles inhibit the root length and reduce the number of

roots. However, TiO2 nanoparticles have no such inhibitory

effect on root length. Direct exposure to ZnO nanoparticles

was also examined by Taheri et al. (2015) and highlighted

that ZnO nanoparticles can increase the shoot dry matter

and leaf area index by 63.8 and 69.7%, respectively.

In the present study, germination and other experiments

were carried out on Cicer arietinum to evaluate the phy-

totoxicity of ZnO and TiO2 nanoparticles. Root length and

shoot length along with other physiological parameters and

biochemical parameters, which are sensitive to an adverse

environment, were chosen as toxicity indicators. This study

provided valuable information for the application of metal

oxide nanoparticles in agriculture and environmental safety

assessment.

2 Materials and methods

2.1 Preparation of nanoparticle solution

Commercial ZnO nanoparticles (Size\ 50 nm) and TiO2

nanoparticles (Size\ 50 nm) were purchased from Sigma-

Aldrich, USA, and Merck India Ltd., Mumbai, respec-

tively. Surface area of ZnO and TiO2 nanoparticles is 20

and 25 m2/g, respectively. Calculated amount of ZnO and

TiO2 nanoparticles were dissolved in double distilled water

to prepare 100, 500 and 1000 ppm doses of each
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nanoparticles. Each suspension was stirred using a mag-

netic stirrer for 30 min.

2.2 Preparation of seeds

Cicer arietinum (PBG7) were chosen for this particular work

because it is a dicot plant, easily available, easy to handle, can

be grown at any season, can tolerate wide range of environ-

mental variation and easily germinates as it has thin seed coat.

Healthy seeds of Cicer arietinum were bought from the

market. Seeds were surface-sterilized with 10% sodium

hypochlorite and soaked in double distilled water for 2 h.

2.3 Treatment of seeds with nanoparticles

Clean glass petri dishes (95 mm diameter) were taken, and

25 seeds of Cicer arietinum were placed at even distance

over a round piece of filter paper. Each petri dish with

different doses (100, 500 and 1000 ppm concentrations of

both the nanoparticles) had three replicates. Those seeds

were partially immersed in 5 ml of suspension of ZnO and

TiO2 nanoparticles according to the dose. Seeds were

cultured for 12 days on the same petri dishes at an average

photoperiod of 11:13 (day/night), temperature 23–26 �C,
relative humidity 86%. All the petri dishes were kept in a

screened cage in a place where sunlight may reach. No

rainfall occurred during that period. A control setup was

run simultaneously with only the seeds without any

nanoparticles but with 5 ml distilled water. Control setup

was also with three replicates.

2.4 Estimation of morphological parameters

2.4.1 Germination

Numbers of germinated seeds were counted after 24, 48

and 72 h of incubation and up to 72 h until all the seeds

have germinated. When the radicle was first visible rup-

turing the seed coat, the seed was considered to be ger-

minated. Counting was done under completely sterile

condition.

Equation (1) depicts how percentage germination was

calculated:

Germinationð%Þ ¼ Number of germinated seeds � 100½ �=
total number of seeds

ð1Þ

2.4.2 Root and shoot length

Root and shoot length of germinated seedlings was mea-

sured using a centimeter scale. Root length was taken from

the site of the emergence of root up to the root tip, and

shoot length was measured from the base up to the apex.

2.4.3 Root and shoot biomass

Fresh root and shoot were separately taken, cleaned and

weighed followed by drying them in hot air oven at 60 �C.
Weight of dried root and shoot was again recorded in

grams. The ratio of dry weight to fresh weight was obtained

by dividing the dry weight (DW) with the fresh weight

(FW) of root and shoot of the same concentrations.

2.5 Estimation of biochemical parameters

2.5.1 Chlorophyll (Chl) and carotenoid estimation

Fresh leaves (0.1 g) were harvested at the end of the

experiment and washed with double distilled water. Then

the washed leaves were cut into small pieces and put into

80% acetone (v/v) and kept in refrigerator overnight. The

green pigments extracted from the leaves were measured at

645, 652 and 663 nm by using UV–Vis spectrophotometer

(Bates et al. 1973). The concentration of carotenoid was

estimated by following the method of MaClachlan and

Zalik (1963). Using the following Eqs. (2, 3, 4, 5), con-

centrations of chlorophyll ‘a,’ ‘b,’ total chlorophyll and

carotenoid were measured:

Chl ‘‘a’’ ðmg g�1fwÞ ¼ ½12:7 � D663�2:69 � D645�
� V=1000 �W ð2Þ

Chl ‘‘b’’ ðmg g�1fwÞ ¼ ½22:9 � D645�4:68 � D663�
� V=1000 �W ð3Þ

Total Chl mg g�1fw
� �

¼ D652 � 1000 � V=1000 �W ð4Þ

Total carotenoid content mg g�1
� �

¼ 7:6 � D480�1:49 � D510½ � � V=1000 �W ð5Þ

where D = optical density; V = final volume of 80%

acetone; W = weight of sample; f.w. = fresh weight of the

sample.

2.5.2 Estimation of total protein

Estimation of total protein was done by the standard

method of Lowry et al. (1951). 0.5 ml of leaves extract

was made up to 1 ml by adding distilled water. 5 ml of

alkaline copper solution was added to it followed by

0.5 ml of Folin–Ciocalteu reagent. The solutions were

incubated at room temperature in the dark for 30 min,

and then the absorbances were measured at 660 nm.

Amount of protein is estimated from a standard graph

prepared earlier.
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2.5.3 Estimation of total carbohydrate

Total carbohydrate of treated and control plant leaves was

estimated by anthrone method (Hedge and Hofreiter 1962).

0.1 ml of prepared plant extract was taken and made up to

1 ml with distilled water. Then 4 ml of anthrone reagent

was added to each extract. Then the test tubes were incu-

bated at boiling water bath for 8 min. Then the solutions

were cooled, and the absorption spectrum was measured at

630 nm. Total carbohydrate was estimated from a standard

graph.

2.5.4 Estimation of total phenolics

Estimation of total phenolics was determined following the

method of Mallick and Singh (1980). 0.5 g of leaves was

crushed with 5 ml 80% (v/v) ethanol. The extract was

centrifuged, and the supernatant was evaporated to dryness.

Dried residue was dissolved in 5 ml distilled water. From

this extract, 0.2 ml aliquot was taken and the volume was

made up to 3 ml. Then 0.5 ml of Folin–Ciocalteu reagent

was added followed by 2 ml 20% Na2CO3. The test tubes

were boiled in water bath for 1 min, cooled and measured

in a spectrophotometer at 650 nm. Using a standard curve,

the concentration of total phenolics was estimated.

2.5.5 MDA content

0.1 g of leaves was collected and crushed with 10 ml 0.1%

(w/v) TCA. The extracts were centrifuged for 10 min at

15,000 rpm at 4 �C. 1 ml from the supernatant was taken

and mixed with 4 ml 0.5% SBA diluted in 20% TCA. Then

the mixture was boiled in water bath at 95 �C for 30 min.

Reaction was ended by incubating on ice. The absorbances

were measured at 532 and 600 nm (Heath and Packer

1968). MDA content was calculated by Eq. (6):

MDA equivalents nmol cm�1
� �

¼ 1000 Abs 523�Abs 600 nmð Þ=155½ � ð6Þ

2.5.6 Chlorophyll stability index

Chlorophyll stability index (CSI) of the leaves was mea-

sured by the spectrophotometric method of Koleyoreas

(1958). 0.25 g of leaf sample of each treatment was taken

in two different test tubes containing 10 ml of water.

Control test tube was kept in normal room temperature,

while another test tube was kept in water bath for 30 min at

65 �C. Pigment extracts from both the test tubes were

measured at 652 nm, and total chlorophyll content was

calculated which is used to estimate CSI using the fol-

lowing equation (Eq. 7):

CSIð%Þ ¼ Total chlorophyll content heatedð Þ=½
Total chlorophyll content controlð Þ� � 100

ð7Þ

2.5.7 Membrane stability index

Membrane stability index (MSI) was estimated following

the method of Premchandra et al. (1990) modified by

Sairam (1994). 0.1 g of cleaned leaf was taken in a test

tube with 10 ml of double distilled water. The test tube was

then kept in water bath at 40 �C for 30 min. Electrical

conductivity (C1) of the water was measured using a

conductivity meter. Then the sample was boiled in a water

bath at 100 �C for 10 min, and again its conductivity (C2)

was recorded. MSI was calculated using the following

formula (Eq. 8)

Membrane stability index ðMSIÞ ¼ 1� C1=C2ð Þ½ � � 100
ð8Þ

2.5.8 Root ion leakage

Root ion leakage was calculated using the method of Lutts

et al. (1995). 0.3 g of root of both treated and control plants

was thoroughly cleaned with double distilled water. The

root was incubated with 10 ml distilled water at 25 �C for

5 min in a test tube. After that electrical conductivity (EC0)

of the solution was measured with a conductivity meter.

The test tube was then incubated for another 12 h, and

again the electrical conductivity (EC1) of solution was

determined. The test tube was then kept in a water bath and

boiled for 30 min. After cooling, the electrical conductivity

(EC2) was measured once more. Relative conductivity

indicating root ion leakage of the roots was obtained using

the following formula (Eq. 9):

Relative conductivity ðRCÞ ¼ EC1 � EC0ð Þ=EC2½ � � 100
ð9Þ

2.6 Transverse section of root

Roots of both TiO2 and ZnO nanoparticle-treated plants

were taken, and thin transverse sections were made. The

sections were stained with eosin, and a temporary slide was

prepared to watch under light microscope (Photoelectric

Stereoscopic Binocular Microscope).

2.7 Statistical analysis of parameters

The analyses were done with three replicates. All the data

presented in this study were mean of three identical

experiments made in three replicates along with the
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standard deviation (SD). Statistical significance was

determined by Duncan’s multiple comparison tests to

compare the treatment means. Significance level was set at

p\ 0.05.

3 Results and discussion

3.1 Germination in Cicer arietinum

Germination of Cicer arietinum under the influence of ZnO

and TiO2 nanoparticles is depicted in Fig. 1a, b. From these

figures, it is clear that percentage of germination increased

with increment of the dose of ZnO nanoparticles up to 48 h

although numbers of germinated seeds are less than that of

the control. However, after 72 h, all the treatments along

with control showed 100% germination. On the other hand,

TiO2 nanoparticles treatment showed highest percentage of

germination at 500 ppm followed by 100 ppm with respect

to control (Fig. 1b). But within 48 h, all the TiO2

nanoparticle-treated seeds showed same percentage of

germination with control. Therefore, study results revealed

that germination is enhanced by TiO2 nanoparticles than

ZnO nanoparticles. This enhancement of germination by

TiO2 nanoparticles over ZnO nanoparticles is probably due

to generation of reactive anions which directly or indirectly

helps to accumulate water and increase the rate of oxygen

uptake which is required for fast germination (Khot et al.

2012). Another study conducted by Zheng et al. (2005)

highlighted that TiO2 nanoparticles have beneficial effect

on germination of spinach seed and seedling growth.

Almost similar observation was reported by Yang et al.

(2006). They suggested that TiO2 nanoparticles can

increase growth of spinach due to higher assimilation of

nitrogen. Moreover, enhancement of germination may be

because water uptake capacity of seed is increased which is

again promoted by nanoparticles through creating new

pores on seed coat (Khodakovskaya et al. 2009). Almost

similar enhancement of germination was reported by Song

et al. (2013) for germination of tomato seeds by TiO2 and

Ag nanoparticles.

3.2 Variation of root and shoot length

The effect of ZnO and TiO2 nanoparticles on root and

shoot length of Cicer arietinum is presented in Table 1.

Data of the table depict that root length of ZnO nanopar-

ticle-treated Cicer arietinum is drastically less, whereas

roots of TiO2 nanoparticle-treated plants are sufficiently

long. Moreover, root length of Cicer arietinum gradually

increased with increasing dose of TiO2 nanoparticles. Root

length of 100 ppm ZnO nanoparticle-treated plants was

only 0.83 cm, but TiO2 nanoparticle-treated roots reached

up to 10.73 cm of length, more than that of control plants

(9 cm). On the other hand, shoot length of ZnO nanopar-

ticle-treated plant reached up to 7 cm, whereas both TiO2

nanoparticle-treated and control plants show around 6 cm

of length (Table 1). However, almost opposite results are

Fig. 1 Variation of percentage of germination of chickpea (Cicer

arietinum) plant under different concentrations of a ZnO and b TiO2

treatment depicted in a bar graph where ZnO-treated roots are slower

in germination than control but TiO2-treated roots germinated at

almost the same time as that of the control. Different letters denote

statistically significant differences according to the Duncan’s multiple

comparison tests (p\ 0.05)
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reported by Prasad et al. (2012). They reported that with

increasing concentration of ZnO from 400 to 1000 mg/L,

the height of the plant significantly increased with respect

to control. They also reported that plant growth reached up

to 15.4 cm when the seeds were treated with 1000 ppm

ZnO nanoparticle. Such increment in plant growth is

probably due to production of higher concentration of

auxin under the influence of ZnO nanoparticles (Prasad

et al. 2012). Previous study also highlighted on retardation

in early growth of chickpea seedlings at high dose of ZnO

nanoparticles and low dose of ZnO nanoparticles which is

sufficient to achieve positive response (Mahajan et al.

2011; Burman et al. 2013). Recently, Haghighi et al. (2014)

reported that up to 200 ppm TiO2 nanoparticles can

improve both root and shoot lengths for Lycopersicon

esculentum and Allium cepa. However, Raphanus sativus

showed opposite trend upon application of TiO2 nanopar-

ticles up to 200 ppm. Growth of plant increased under the

influence of TiO2 nanoparticles probably because it regu-

lates nitrogen-metabolizing enzyme activity and helps to

convert nitrogen from its inorganic to organic form which

improves protein and chlorophyll synthesis (Yang et al.

2006; Mishra et al. 2014). From the Pearson correlation

study, it is clear that root length is significantly (p\ 0.001)

related to shoot dry weight (Table S2) under ZnO

nanoparticles treatment. On the other hand, TiO2

nanoparticle-treated plant showed significant (p\ 0.001)

negative relationship with MSI (Table S3). Again, shoot

length showed strong negative significant (p\ 0.001)

relationship with root dry weight. But root dry weight is

significantly (p\ 0.001) related to MSI.

3.3 Root morphology study

Root morphology study clearly revealed that ZnO

nanoparticle has adverse effect on root development of

Cicer arietinum. Moreover, ZnO nanoparticle treatment

does not support to lateral root development. Figure 2a also

highlights that entire root (main root) formation is grossly

hampered under the influence of ZnO nanoparticle. Ham-

pering of root structure than shoot is possibly because of

seed coat which protects the embryo but not the whole seed

(Boonyanitipong et al. 2011). In comparison with control,

the entire root formation is accelerated when treated with

TiO2 nanoparticles. The net effective root length and lat-

eral root development is gradually increased with the

increasing dose of TiO2 nanoparticles (Fig. 2b). Moreover,

all the TiO2 nanoparticle-treated roots are much healthier

than control (Fig. 2a). Previous literature highlighted that

when treated with TiO2 nanoparticles, it improves the

growth of cucumber root, with respect to size, and this

health improvement of root is probably due to higher level

of nitrogen accumulation and subsequently synthesis of

proteins (Servin et al. 2012). Moreover, the betterment of

root length by application of TiO2 nanoparticles over ZnO

nanoparticles is possibly due to increase in nutrient level

(iron and magnesium), NiR activity and chlorophyll (‘a’

and ‘b’) biosynthesis (Kuzel et al. 2003). On the other

hand, dry weight-to-fresh weight ratio of roots is greatly

influenced by TiO2 nanoparticles than ZnO nanoparticles at

higher dose (Fig. 3a). However, shoot biomass is equally

affected at lower dose (up to 500 ppm) by both ZnO

nanoparticles and TiO2 nanoparticle treatment (Fig. 3b).

But at higher dose (1000 ppm), TiO2 nanoparticles have

pronounced effect on shoot DW/FW ratio. This result may

be due to enhancement of accumulation of water in fresh

biomass under such level of nanometal oxide application.

Moreover, ZnO and TiO2 nanoparticles have different rate

of permeability through cell wall. Almost similar result was

reported by Yang and Watts (2005), and they highlighted

that nanoalumina (Al2O3) at 2000 mg/L could inhibit root

elongation of five plant species.

Table 1 Morphological variation of chickpea (Cicer arietinum) plant under ZnO and TiO2 treatment

Parameters Control ZnO TiO2

100 ppm 500 ppm 1000 ppm 100 ppm 500 ppm 1000 ppm

Root length (cm) 9.00 ± 0.8a 0.83 ± 0.28b 0.73 ± 0.68c 0.93 ± 0.11b 10.73 ± 1.10d 11.33 ± 2.75c 12.36 ± 0.7b

Shoot length (cm) 6.23 ± 0.68c 7.1 ± 1.15b 7.6 ± 0.17a 6.43 ± 1.44c 6.1 ± 0.70c 7.33 ± 2.30b 9.2 ± 0.1a

Root fresh biomass (g) 0.20 ± 0.03a 0.04 ± 0.01b 0.06 ± 0.00b 0.04 ± 0.01b 0.30 ± 0.31a 0.28 ± 0.05a 0.29 ± 0.04a

Root dry biomass (g) 0.01 ± 10-4a 0.005 ± 10-4b 0.005 ± 10-4b 0.007 ± 10-5b 0.02 ± 10-4b 0.02 ± 10-4b 0.02 ± 10-4b

Shoot fresh biomass (g) 0.13 ± 0.03a 0.11 ± 0.03a 0.12 ± 0.01a 0.10 ± 0.01b 0.16 ± 0.03a 0.18 ± 0.06b 0.23 ± 0.03a

Shoot dry biomass (g) 0.01 ± 10-4b 0.02 ± 10-3a 0.01 ± 10-4b 0.01 ± 10-4b 0.02 ± 0.01c 0.02 ± 0.07c 0.02 ± 10-2c

Values are mean ± SD of three replicates, and the experiment was done on photoperiod 11:13 (day/night), temperature 23–26 �C, relative
humidity 86%
a,b,c,d,e Different letters indicate significant differences at p\ 0.01 according to the Duncan’s multiple range test
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3.4 Biochemical parameters

The variation of pigment (Chl ‘a’, Chl ‘b’, total Chl and

carotenoid) content under the influence of ZnO and TiO2

nanoparticles is presented in Table 2. The experimental

data clearly revealed that at lower dose of ZnO

nanoparticles application enhanced the pigment level

about 103% with respect to control. But, further increase

in ZnO nanoparticles dose does not support further

increment of chlorophyll level. Similar increase in

chlorophyll level was also reported by Prasad et al.

(2012) by application of ZnO nanoparticles. They

reported that the chlorophyll content of the 1000 ppm

ZnO nanoparticle-treated plant increased up to 1.97 mg/

g f.w which was more than that of the untreated plant.

This is perhaps due to the complementary effect of other

inherent nutrients like Mg, Fe and S (Prasad et al. 2012).

Almost similar results were observed by Zheng et al.

(2005) when Spinacia oleracea seeds were treated with

TiO2 nanoparticles. On the other hand, TiO2 nanoparti-

cles showed much lower level of chlorophyll ‘a’ with

respect to control. Almost similar variation of chloro-

phyll ‘b’ and total chlorophyll level was recorded for

different doses of ZnO and TiO2 nanoparticles applica-

tions. The negative effect of TiO2 nanoparticles on

chlorophyll is perhaps due to insertion of TiO2

nanoparticles into chloroplasts where it participates in

catalyzed oxidation–reduction reactions and subse-

quently accelerates the electron transport and oxygen

evolution (Hong et al. 2005).

Fig. 2 Effect on root length of Cicer arietinum of different doses of

a ZnO and b TiO2 is very prominent as root growth is retarded by

ZnO treatment but TiO2 treatment promoted root growth more than

normal root length than control [12th day; photoperiod 11:13 (day/

night), temperature 23–26 �C, relative humidity 86%]

Fig. 3 a Root DW/FW and b shoot DW/FW of ZnO and TiO2-treated plants at different concentration (100, 500, 1000 ppm). Different letters

denote statistically significant differences according to the Duncan’s multiple comparison tests (p\ 0.05)
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The variation of carotenoid with respect to control was

highest at 500 ppm followed by 100 and 1000 ppm of ZnO

nanoparticles application. But application of TiO2

nanoparticles does not support to enhance the carotenoid

level. This is perhaps due to direct interaction of TiO2

nanoparticles with carotenoid biomolecules. However,

Wang et al. (2016) pointed out that genes are mainly

responsible for enhancement of pigments under influence

of ZnO and TiO2 nanoparticles.

Pair t test results clearly demonstrated that overall pig-

ment (Chl ‘a’, Chl ‘b’, total chlorophyll and carotenoid)

content of ZnO nanoparticle-treated plants is statistically

significant (p\ 0.001) than that of TiO2 nanoparticle-

treated plants (Table 3). Pearson correlation study results

also revealed that Chl ‘a’ content is significantly

(p\ 0.001) related to total phenolic content. Similarly,

total chlorophyll content is significantly (p\ 0.001) rela-

ted to total phenol content in ZnO nanoparticle-treated

plants (Table S3). But, TiO2 nanoparticle-treated plant

results demonstrated that chlorophyll (‘a’ and ‘b’), car-

otenoid, sugar and protein level has strong positive rela-

tionship with total phenol content (Table S4). However,

none of the correlation showed significant relationship.

On the other hand, the higher level of sugar

(1.8 mg g-1 fw) was recorded at lower dose of ZnO

nanoparticles and lower level of sugar was accumulated at

higher dose (1000 ppm) of ZnO nanoparticles. But almost

opposite results were recorded for TiO2 nanoparticles. At

lower dose of TiO2 nanoparticles application, sugar level

was high and it was almost 90% increment at lower dose

(0.05) of TiO2 nanoparticle (Table 2). Sugar level reduced

to 1.8 mg g-1 f.w at intermediate dose of TiO2 nanopar-

ticles. Again, application of higher dose (1000 ppm) of

Table 2 Variation of pigment and biochemical parameters of chickpea (Cicer arietinum) plant under different concentrations of ZnO and TiO2

treatment

Parameters Control ZnO TiO2

100 ppm 500 ppm 1000 ppm 100 ppm 500 ppm 1000 ppm

Chlorophyll ‘a’

(mg/g)f.w

1.57 ± 0.15b 3.20 ± 0.10a 1.44 ± 0.12c 0.24 ± 10-2d 0.17 ± 10-3d 0.34 ± 0.02c 1.14 ± 0.04b

Chlorophyll ‘b’

(mg/g)f.w

0.50 ± 0.05b 0.90 ± 0.01a 0.43 ± 0.01b 0.45 ± 0.00b 0.01 ± 10-3e 0.08 ± 10-2d 0.19 ± 10-3c

Total Chlorophyll

(mg/g)f.w

2.23 ± 0.14b 4.66 ± 0.26a 1.91 ± 0.10c 0.61 ± 0.02d 0.11 ± 10-2e 0.35 ± 0.03d 1.37 ± 0.04c

Carotenoid (mg/g)f.w 0.66 ± 0.04 1.37 ± 0.06 4.45 ± 0.13 1.18 ± 0.01 0.03 ± 10-2 0.06 ± 10-3 0.48 ± 10-2

Sugar (mg/g)f.w 2.26 ± 0.15 2.2 ± 0.34 1.8 ± 0.43 1.8 ± 0.08 4.2 ± 0.26 1.8 ± 0.16 2.5 ± 0.2

Protein (mg/g)f.w 9.57 ± 0.37b 15.70 ± 1.53a 7.22 ± 0.21c 4.38 ± 0.88d 6.13 ± 0.40b 3.54 ± 0.16c 11.12 ± 0.06a

Phenol (mg/g)f.w 8.13 ± 0.07c 12.75 ± 0.23b 22.41 ± 0.53a 11.95 ± 0.41b 10.54 ± 0.39b 12.8 ± 0.32a 13.53 ± 0.04a

MDA (nmol. g-1f.w) 11.9 ± 1.01b 10.7 ± 0.36c 15.0 ± 0.04a 14.6 ± 1.11a 10.1 ± 0.13b 10.0 ± 1.0b 16.0 ± 1.09a

Chlorophyll stability

index (CSI)

10.0 ± 0.04b 20.0 ± 1.02a 8.56 ± 0.39c 2.74 ± 0.22d 0.515 ± 0.02e 1.56 ± 0.35d 6.14 ± 0.045c

Membrane stability

index (MSI)

50.0 ± 1.44c 80.0 ± 2.01a 75.0 ± 1.09b 74.66 ± 0.99b 25.0 ± 0.65d 84.0 ± 1.73b 86.0 ± 3.1a

Relative conductivity 42.83 ± 0.94c 40.00 ± 1.22c 50.00 ± 1.17b 53.00 ± 2.03a 50.00 ± 0.98b 57.0 ± 2.64a 50.0 ± 0.18b

Values are mean ± SD of three replicates, and the experiment was done on photoperiod 11:13 (day/night), temperature 23–26 �C, relative
humidity 86%
a,b,c,d,e Different letters indicate significant differences at p\ 0.01 according to the Duncan’s multiple range test

Table 3 Paired ‘t’ test between pigment level of ZnO and TiO2-

treated plants at dose 100 ppm

Mean ± SD ‘t’ value \p value

Chl a

ZnO 3.200 ± 0.100 48.02 0.000

TiO2 0.178 ± 0.009

Chl b

ZnO 0.901 ± 0.011 167.87 0.000

TiO2 0.015 ± 0.001

Total Chl

ZnO 4.665 ± 0.263 29.62 0.001

TiO2 0.115 ± 0.006

Carotenoid

ZnO 1.371 ± 0.069 32.21 0.001

TiO2 0.320 ± 0.003
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TiO2 nanoparticles supports the enhancement of sugar level

(17%). Results also highlighted that all the primary

metabolites are not equally affected by the application of

ZnO and TiO2 nanoparticles. In the present work, the level

of protein gradually reduced from 15.70 to 4.38 mg g-1

f.w. with increment of ZnO nanoparticles level from 100 to

1000 ppm, respectively. However, almost opposite result

was recorded for TiO2 nanoparticle-treated plant where

higher level of protein (11.12 mg g-1 f.w) was recorded at

higher dose (1000 ppm) of TiO2 nanoparticles. But, inter-

mediate dose (500 ppm) of TiO2 nanoparticles showed

lower protein level (3.54 mg g-1 f.w) in plants, whereas

plants treated with lower dose (100 ppm) showed better

protein content (6.13 mg g-1 f.w) (Table 2). But total

phenol content varies from 11.95 to 22.41 mg g-1 f.w for

ZnO nanoparticles treatment. But, with the application of

TiO2 nanoparticles, total phenol level varied from 10.54 to

13.53 mg g-1 f.w. Najafi and Jamei (2014) demonstrated in

their paper that phenolic compound can be regulated under

the influence of environmental and other stress conditions.

3.5 Lipid peroxidation

The value of MDA content gradually increased with

increasing the load of ZnO and TiO2 nanoparticles. How-

ever, higher level of MDA content was recorded under

ZnO nanoparticles treatment than TiO2 nanoparticles at

intermediate dose (Table 2). But at higher dose, MDA

content is high for TiO2 nanoparticles than for ZnO

nanoparticles. It is well established that accumulation of

higher level of MDA means higher level of cellular damage

which was recorded at 500 ppm followed by 1000 ppm of

ZnO nanoparticle-treated plants. But higher level of MDA

was recorded only at 1000 ppm of TiO2 nanoparticle-

treated plants (Table 2). Such higher level of MDA accu-

mulation under nanoparticles interaction is probably due to

generation reactive oxygen species (Mohammadi et al.

2013; Shaw and Hossain 2013a, b).

3.6 Chlorophyll stability index

The stability of chlorophyll index (CSI) was estimated

under the influence of ZnO and TiO2 nanoparticles on

Cicer arietinum. The results highlighted that CSI is very

low under the influence of TiO2 nanoparticles (Fig. 4a, b).

Therefore, these results clearly demonstrated that the

structure of chlorophyll is strongly influenced by TiO2

nanoparticles than ZnO nanoparticles. Almost similar

observation was reported by earlier researchers (Hong et al.

2005) where they showed that TiO2 nanoparticles reduce

photosensitivity of chloroplasts.

3.7 Membrane stability index and root ion leakage

Membrane damage can be assessed by the application of

ZnO and TiO2 nanoparticles on Cicer arietinum, and the

results are presented in Table 2. Moreover, graphical pre-

sentation clearly revealed that MSI initially increased and

then decreased with the increasing dose of ZnO nanopar-

ticles, but for TiO2 nanoparticles, MSI initially decreased

followed by increment with the increasing dose (Fig. 4a,

b). On the other hand, the value of root ion leakage clearly

revealed that higher level of root ions conductivity was

recorded for TiO2 nanoparticles treatment than ZnO

nanoparticles treatment. The conductivity of root ions

increases with increasing the dose of both ZnO and TiO2

nanoparticles. Very high level of conductivity was recor-

ded at 500 ppm of TiO2 nanoparticles application. Lipid

peroxidation and root ion leakage are the consequences of

membrane damage in plants, as from the observations of

Table 2. It can be suggested that higher dose of ZnO and

TiO2 nanoparticles caused root and shoot membrane

damage in Cicer arietinum. This is quite possible, because

root is primary entry point of NPs (Anjum et al. 2013). Our

present results are in agreement with the earlier report by

Rico et al. (2013). They reported that 0.125 g nCeO2 L
-1

induced the higher level of membrane damage in rice roots.

Hatami and Ghorbanpour (2014) also reported that

nanoparticles induce oxidative stress as well as electrolytic

leakage which disrupt membrane stability.

3.8 Transverse section of root

Treatment of Cicer arietinum with ZnO nanoparticles

shows interruption in root formation. The formation of root

has been hampered to such extent that the root never grew

more than 0.93 cm. Microscopic view of stained root

shows only cortex portion without any pith, xylem or

phloem which caused retarded development of the main

and lateral root (Fig. 5b). However, TiO2 nanoparticle-

treated plant showed healthy root with cortex, endodermis,

pericycle, xylem and phloem (Fig. 5c) and it is similar to

control (Fig. 5a). Therefore, this observation clearly sug-

gests that ZnO nanoparticles have negative impact on root

structure. Possibly, ZnO nanoparticles can enhance the

permeability of plant cell walls and create pores in the

walls and subsequently enter into the cells through the

pores (Lin and Xing 2007). This is quite possible because

plant roots have been considered as the main route of

plant’s exposure to NPs which is the cause of physical or

chemical toxicity in plants (Anjum et al. 2013). Growth

inhibitory effect of other nanoparticles such as nano-CuO

(copper oxide) was also reported when it was treated to rice

seedlings which (nano-CuO) caused severe oxidative burst
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and damage of root membrane of rice seedlings (Shaw and

Hossain 2013a, b).

4 Conclusions

It is well reported that nanoparticles have both adverse and

beneficial effects on seed germination and also physio-

logical action of plant system. But present study results

revealed that both ZnO and TiO2 nanoparticles do not show

same impact on germination as well as biochemical con-

stituents of Cicer arietinum. Results demonstrated that

during early stage of germination, ZnO nanoparticles had

adverse impact than TiO2 nanoparticles. However, signif-

icant statistical difference (p\ 0.001) in pigment level was

recorded for ZnO nanoparticle-treated plant over that of

treated with TiO2 nanoparticles. But the level of primary

and secondary metabolite such as sugar, protein and phenol

was recorded high in TiO2 nanoparticle-treated plant than

ZnO nanoparticle-treated plants. But lipid peroxidation

data suggest that cell organelles are less affected in ZnO

nanoparticle-treated plant than TiO2 nanoparticles treat-

ment. However, root ion leakage data suggest TiO2

nanoparticle-influenced plants less than ZnO nanoparticles.

Therefore, finally it can be concluded that both ZnO and

TiO2 nanoparticles exhibited variable effect on plant sys-

tem. Present results are consistent with idea that this kind

of studies, performed in different biological species and

with different experimental conditions, is particularly

important and urgent. In fact from one hand, it is basic to

understand the mechanisms of nanotoxicity of many dif-

ferent varieties of nanomaterials, and from the other, it is

pivotal to get valuable indications in terms of use and

disposal of manufactured nanoparticles that may represent

a powerful tool to improve human life. However, more

research is needed in different disciplines to deeply
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Fig. 4 Variation of CSI and MSI of chickpea (Cicer arietinum) leaf under different concentrations of a ZnO and b TiO2 treatment. Chlorophyll

stability index (CSI) is highest for 100 ppm ZnO-treated plants, whereas the same shows lowest membrane stability index (MSI)

Fig. 5 Transverse section of roots of a control plant (magnification

9400), b ZnO-treated plant (magnification 9400) and c TiO2-treated

plant (magnification 91000) shows normal root stellar structure of

control and TiO2-treated plants, but stele formation is hampered in

ZnO-treated plant root
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understand some of the possible environmental hazards

related to nanomaterials.
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