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ABSTRACT 

Objective: A comparative examine of L. aculeate mediated ZnO (BZnO) and synthesized chemical ZnO (CZnO) nanoparticles became done which will 
decide the impact of seed germination on Sesamum indicum (CO-1).  

Methods: Zinc oxide nanoparticles had been synthesized by the biological and chemical methods. Synthesized nanoparticles have been confirmed 
with Ultra Violet–visible spectroscopy (UV-Vis), Fourier transform infrared spectrometer (FT-IR), Energy dispersive X-ray spectrometer (EDX), X-
ray diffractometer (XRD), Field Emission Scanning Electron Microscopy (FESEM) and High-Resolution Transmission Electron Microscopy (HRTEM). 
Different concentration of synthesized zinc oxide nanoparticles (0.1, 0.25, 0.5, 1 and 2 g/l) solution were prepared and applied to Sesamum indicum 
by soaking approach. The impact of ZnO nanoparticles treated plants were studied by using the standard procedure on plant growth attributes 
(shoot and root length, dry and fresh weight of shoot and root), photosynthesis pigment (chlorophyll a, chlorophyll b and total chlorophyll) and 
biochemical analysis (protein, carbohydrate and reducing sugar).  

Results: The characterization analysis revealed that BZnO & CZnO NPs were spherical in shape with a mean particle size of 12±3 nm and 18±2 nm. 
The maximum observation of growth attributes was recorded in 0.5 g/l concentration of biologically synthesized ZnO nanoparticles which was 
compared to chemically synthesized ZnO nanoparticles.  

Conclusion: Results of this experiment revealed that Lantana aculeate mediated zinc oxide nanoparticles are an enhanced useful resource of 
Sesamum indicum. It is able to use as nano fertilizer in agriculture development.  
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INTRODUCTION 

Plants are very essential to human and their environment but very 
few studies were performed with ecological terrestrial test species 
to assess the potential toxicity of nanoparticles [1]. Plants are 
predicted to be uncovered to nanoparticles due to uptake and 
accumulation of plant biomass [2]. Nanoparticles have been 
absorbed to plant surface and soak up via natural nano or 
micrometer scale plant opening and could significantly have an 
effect on their delivery inside the environment.  

Zinc oxide naturally occurs as mineral zincite and is mostly used as a 
white powder. Its material science, ZnO is an extensive band gap 
semiconductor of the II-VI semiconductor group. Zinc oxide is an 
amphoteric oxide almost insoluble in water and alcohol, but it is soluble 
in most acid including hydrochloric acid [3]. Zinc oxide crystallizes in 
two main forms, hexagonal wurtzite and cubic zincblende. The wurtzite 
structure is most stable at ambient condition.  Various studies have been 
carried out on the effect of zinc on the growth and metabolism of the 
plant [4]. Zinc is an essential micronutrient for the growth and 
improvement of plants and human beings. Zinc performs the most 
important position in various metabolic techniques. Zinc is essential to 
trigger several enzymes and activate enzymes such as superoxide 
dismutase, tryptophan synthetase and dehydrogenases [5, 6].  

Sesamum indicum is a member of the Pedaliaceae family and 
considered as a drought tolerant crop [7]. Sesame oil is used as 
foods (cooking and salad), medicine, soap manufacturing and so on. 
Its seeds and young leaves are eaten as stews and soups in Asia [8]. 
Sesamum oil is used as active ingredients in antiseptics, bactericides, 
disinfectants and antitubercular agents because they incorporate 
natural herbal antioxidants such as sesamin and sesamolin [9]. 

In the previous study, A simple, rapid biological procedure has been 
evolved to synthesize ZnO nanoparticles from Lantana aculeate leaf 

broth extracted solution and chemical synthesize ZnO nanoparticles 
by a precipitated method using Zn (NO3

 

) as a precursor. The 
synthesized nanoparticles have been characterized by various 
techniques which include UV-Vis, FTIR, XRD, EDX, FESEM and 
HRTEM. The biological and chemical synthesis of ZnO nanoparticles 
was spherical in shape with an average size of 12±3 nm and 18±2 
nm. These results clearly indicate the benefits of using biological 
method synthesized ZnO nanoparticles have antimicrobial activities 
and also it could be effectively in agricultural development [10, 11]. 

Table 1: Nutritional value of deficient soil 

Parameter Deficiency soil 
Soil texture Sandy loam 
Soil type Reddish brown 
Lime status Calcareous 
pH 8.12 
EC 0.06 dS/m 
Nitrogen 1.37% 
Phosphorous 1.40% 
Potassium 5.41% 
Copper 0.60 ppm 
Zinc 0.21 ppm 
Iron 6.96 ppm 
Manganese  3.65 ppm  
 

MATERIALS AND METHODS  

Materials 

L. aculeate mediated (BZnO) nanoparticles and chemical mediated 
(CZnO) nanoparticles were synthesized with an average particle size 
(12±3 nm and 18±2 nm) and which determined through high-resolution 
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transmission electron microscope (HRTEM) (JEOL JEM-3100F) (fig. 1). 
Experimental chemical was purchased from Sigma-Aldrich chemicals, 
India. Sesamum indicum (CO-1) seeds were obtained from Department 

of Oil Seed, Tamil Nadu Agriculture University, Coimbatore, India. The 
zinc-deficient soil was collected from Karur (10.9580 ° N, 78.0800 ° E) 
(D. T), Tamil Nadu, India (table 1). 

 

 

Fig. 1: (A) HRTEM image of zinc oxide nanoparticles synthesized from L. aculeate leaf extract (B) Chemical synthesis of zinc oxide 
nanoparticles 

 

Preparation of nanosuspension and seed treatment  

Zinc nanoparticles have been suspended using Milli-Q water and 
dispersed by ultrasonic vibration. For the present study five 
concentrations viz. 0.1, 0.25, 0.5, 1 and 2 g/l of both BZnO and 
CZnO NPs were used. Sesamum indicum (CO-1) seeds were 
immersed in a 2.5% sodium hypochlorite solution for 15 min for 
sterilization and experimental consistency following Rossi et al. 
[17]. After rinsing three instances with Milli-Q water, sesame has 
been soaked in BZnO and CZnO suspensions at the soaking 
duration of 1 d. Milli-Q water was used in the soaking method for a 
better control of the media. 

Pot experiments and treatment details 

A pot experiment was conducted at Karpagam Academy of Higher 
Education Campus, Eachanari, Coimbatore, Tamil Nadu, India, 
during July 2015. Ten seeds had been sown in each pot (30 cm 
diameter and 25 cm deep) on zinc-deficient soil. There were three 
replication pots for each treatment with factorial completely 
randomized design (FCRD) (table 2).  

 

Table 2: Treatment details of green and chemical ZnO 
nanoparticles 

Treatment Concentration 
T1 Control 
T2 0.1g/l ZnO-treated seed 
T3 0.25g/l ZnO treated seed 
T4 0.5 g/l ZnO-treated seed 
T5 1 g/l ZnO-treated seed 
T6 2 g/l ZnO-treated seed 
T7 0.25 g/l ZnSO4 treaded seed 

 

Effect of zinc oxide nanoparticles on the morphological and 
biochemical parameters of Sesamum indicum  

The plant morphological parameters like shoot length, root length, 
dry weight and fresh weight of test crops treated with zinc oxide 
nanoparticles were carried out by using the standard procedures 
[12]. Chlorophyll (chlorophyll a, chlorophyll b and total chlorophyll) 
[13], total carbohydrates [14], reducing sugars and protein [15] 
were determined by standard procedure. Statistical analysis was 
used to analyze the significant differences among different 
treatments for studied parameters.  

RESULTS AND DISCUSSION  

Confirmation of zinc level in NPs treated leaf 

Zinc level was significantly high in zinc oxide nanoparticles soaked 
sesame plant leaves (i.e. 2 g/l>1 g/l>0.5 g/l>0.25 g/l>0.1 g/l) (fig. 2) 
when compared to control leaves, results are very similar to Prasad 
et al. (2012). Brassica is known to be a metal hyperaccumulator with 
enormous metal accumulation being reported for Zn [16]. 

 

 

Fig. 2: Zinc level in different concentration of zinc oxide 
nanoparticles treated Sesamum indicum leaves. Data represent 

as mean±SE 

 

Impact of zinc oxide nanoparticles treatment on growth profile 
of Sesamum indicum 

Shoot and root elongation, the fresh and dry weight of sesame 
seedlings (fig. 3 and 4) were influenced by the application of 
various doses of zinc oxide nanoparticles. On 15 DAS, The root 
length (6.93 cm), shoot length (4.82 cm), fresh weight (33.30 g) 
and dry weight (11.93 g) was excessive in BZnO treated plants (T4 
treatments) and found to be statistically significant. The plant 
sample treated with CZnO; maximum growth profile was observed 
at the concentration of 0.5 g/l at the end of 15 DAS. From the 
growth profile of sesame plant, CZnO confirmed less growth effect 
followed through BZnO nanoparticles treated plant sample while 
as compared to sesame grown in zinc-deficient soil by without 
soaked zinc oxide nanoparticles (T1 treatments). Lee et al. [20] on 
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the early growth of buckwheat (Fagopyrum esculentum) 
substantially decreased on treatment with ZnO NPs at 1g/l and 2 
g/l. Boonyanitipong et al. [21] observed the determined impact of 
nano-ZnO on rice root at the early seedling stage with stunt root 
length along with a reduction in a number of roots.  

Manivasagaperumal et al. [22] confirmed a gradual decline in the 
dry matter production of the plant sample at higher concentration. 
This result indicated that application of ZnO slightly increased dry 
and fresh weight at a lower concentration while an excess of ZnO 
nanoparticles reduced the biomass [23]. 

  

 

Fig. 3(A) 
 

 

Fig. 3(B) 

Fig. 3: (A) shoot length and (B) root length in Sesamum indicum treated with different concentrations of zinc oxide nanoparticles. Data 
represent as mean±SE 

 

 

Fig. 4 (A) 
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Fig. 4 (B) 

Fig. 4: (a) fresh weight (b) dry weight in Sesamum indicum treated with different concentrations of zinc oxide nanoparticles. Data 
represent as mean±SE 

 

Quality parameters for Sesamum indicum 

The effect of various doses of zinc oxide nanoparticles on diverse 
treatments on photosynthetic pigment (chlorophyll a, chlorophyll b and 
total chlorophyll) contents of sesame (fig. 5). On 15 DAS, the plant 
sample treated with BZnO nanoparticles indicates chlorophyll ‘a’ (T1: 
0.06 and T4: 0.27 mg/g), chlorophyll ‘b’ (T1: 0.07 and T4: 0.20 mg/g) 
and total chlorophyll content (T1: 0.13 and T4: 0.43 mg/g) level had 
been high in T4 treatment, whereas the plant samples treated with 
higher concentration of T5 and T6 showed decreased level of 
chlorophyll. CZnO treated plant samples showed maximum chlorophyll 
‘a’ (T1: 0.06 and T4: 0.24 mg/g), chlorophyll ‘b’ (T1: 0.07 and T4: 0.16 
mg/g), total chlorophyll content (T1: 0.13 and T4: 0.43 mg/g) level were 
high in T4 treatment. These results are confirmed with the results 
obtained from other studies carried out by Karthick and Chitrakala [18].  

Photosynthesis pigment content was significantly (p<0.05) 
increased by BZnO in sesamum at a concentration of 0.5 g/l (T4 
treatment). A similar trend of a drop in the chlorophyll level was 
noticed in the plant samples treated with increased concentration (1 
and 2 g/l) of green and chemical NPs. The decline within the overall 
chlorophyll contents, as well as the growth inhibited, can be 
regarded as general responses associated with metal toxicity. 
Mukherjee et al. [24] observed lower in chlorophyll level in leaves, 
compared to control plant treated with ZnO NPS

The carbohydrate content of the plant sample treated with various 
concentrations of ZnO NPs is predicted in the fig. 6. The control 
samples display carbohydrate level of 2.40 mg/g in zinc-deficient 
soil. Higher carbohydrate level of 4.82, 5.13 and 5.59 mg/g (BZnO) 
and 4.31, 4.63 and 5.08 mg/g (CZnO) was noted at a concentration of 
0.1, 0.25 and 0.5 g/l at the end of 15

 or bulk ZnO in 
organic matter enriched the soil. Salama [25] proved the effect of 
AgNPs on the carbohydrate content of common bean (Phaseolus 
vulgaris) and corn (Zea mays) plant at higher doses which may be 
attributed to a toxic level of nanoparticles causing a subsequent 
decline in growth. 

th

On 15 DAS, the control samples showed protein level of 0.78 mg/g in 
zinc-deficient soil. The plant sample was treated with BZnO 
nanoparticles which show highest leaf protein content (0.71, 1.22 
and 1.73 mg/g) was found to be in 0.1, 0.25 and 0.5 g/l. CZnO 
treated plant samples showed maximum protein content (0.69, 1.00 
and 1.23 mg/g). But at the concentration of 1 g/l and 2 g/l treated 
plant showed a reduction in protein level (fig. 6). 

 DAS. Likewise, 1 and 2 g/l of 
BZnO exhibited 4.39 and 4.58 mg/g of carbohydrate, whereas 4.33 
and 4.08 mg/g carbohydrate was noted for the plant sample treated 
with CZnO NPs. The plant carbohydrate levels displayed are in the 
significant range (p<0.05) 

The amount of reducing sugar present in the plant sample upon various 
treatments is shown in the fig. 6. The control samples display reducing 
sugar level of 4.07 mg/g in zinc-deficient soil. The plant sample was 
treated with 0.1, 0.25 and 0.5 g/l of BZnO recorded 4.23, 4.43 and 4.83 
mg/g of reducing sugar, whereas 4.2 and 4.06 mg/g (1 and 2 g/l) of 
reducing sugar was noticed at the end of 15th DAS. The CZnO treated 
plant sample displayed maximum sugar level of 3.73, 3.93 and 4.33 mg/g 
at the concentration of 0.1, 0.25 and 0.5 g/l whereas 4.00 and 3.58 mg/g 
(1 and 2 g/l) of reducing sugar exhibited at the end of 15th DAS. Thus 
plant samples showed significant reducing sugar (p<0.05). 

 

 

Fig. 5 (A) 
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Fig. 5(B) 
 

 

Fig. 5 (C) 

Fig. 5: (A) chlorophyll a, (B) chlorophyll b, (C) total chlorophyll content in Sesamum indicum treated with different concentrations of zinc 
oxide nanoparticles. Data represent as mean±SE 

 

Farshian et al. [19] showed a reduction in the protein total content 
of lettuce plant, which might be caused by the toxic effect of 
chemically synthesized ZnO nanoparticles on the protein 
synthesis. Protein concentration decreased in Brassica juncea 
seedlings due to metal treatment, particularly at the highest Zn 
concentration [26]. Protein and sugar were significantly reduced 
in this cereal wheat (T. aestivum) as reported by Tandon and 
Gupta [27] at increased doses of heavy metal. Qiang et al. [28] 

reported decreased in the sugar soluble content of wheat on the 
application of slow release fertilizer coated and felted by 
nanomaterials. The same result was obtained by Liu et al. [29] who 
demonstrated that low concentration of nano calcium carbonate 
caused increasing soluble sugar and peanut protein. From the 
phytotoxicity above studies prove that chemically synthesized 
nanoparticles are more toxic to the plant environment when 
compared green synthesis. 

 

 

Fig. 6 (A) 
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Fig. 6 (B) 

 

 

Fig. 6 (C) 

Fig. 6: (a) carbohydrate, (b) Protein level and (c) Reducing sugar in Sesamum indicum treated with different concentrations of zinc oxide 
nanoparticles. Data represent as mean±SE 

 

CONCLUSION 

From the morphological and biometric analysis of sesame plants 
treated by biologically synthesized ZnO nanoparticles showed less 
toxic effects when compared with chemically synthesized ZnO 
nanoparticles. Total zinc accumulation in plant samples were found to 
be high in the order of T5>T6>T4>T3>T2>T1 in BZnO and CZnO 
nanoparticles treatment. The results of our studies indicate that the 
CZnO nanoparticles were toxic to sesame plant, resulting either from 
the more presence of the nanoparticles (at the concentration of 1 g/l 
and 2 g/l). The nanoparticles are induced tremendous changes in the 
plant environment. Our findings hence shows, chemically synthesized 
nanoparticles are toxic to the ecosystem. However, to confirm the size 
depended on effects of the toxicity induced by ZnO nanoparticles, 
further experiment with various sizes of nanoparticles, different 
species of plants and different exposure periods are needed.  
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