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Introduction 
 

Zinc (Zn) is an essential micronutrient for all 

living organism (Laware and Raskar, 2014). 

In plants, it is necessary or protein synthesis, 

sugar formation, phytohormone synthesis 

(e.g. auxin), membrane function, seedling 

vigor, photosynthesis and also for providing 

protection from biotic and abiotic stress 

(Laware and Raskar, 2014).  Thus, Zn 

deficiency in plant causes reduced leaf size, 

leaf narcosis, stunted growth and decreased 

seed vigor with low yield (Elhajand Unrine 

2018).Besides these effects, a significant role 

of Zn in seed germination and field 

establishment of seedlings has been observed 
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In present study, Zinc Oxide nanoparticles (ZnO NPs) were synthesized from leaf extract 

of Catharanthus roseus by green synthesis method. The synthesized nanoparticles were 

characterized by UV-visible spectrophotometry and Dynamic light spectroscopy (DLS) 

that showed the synthesis of nanoparticles of average size 385 nm. To evaluate the effect 

of ZnO NPs on seed germination, various concentrations of nanoparticles (20, 50 and 100 

ppm) were used for the treatment of wheat seed but there was not observed any significant 

effect on germination percentage, speed of germination and mean germination time. 

However, root length, shoot length, seedling length, root dry weight, shoot dry weight, 

seedling dry weight and seed vigour index (I and II) showed a significant increase at 50 

ppm. Further, by increasing the concentration of ZnO NPs (at 100 ppm), a decrease was 

observed in all parameters which stipulated the toxicity of synthesized nanoparticles at 

higher concentration. Thus, the results of this study demonstrated that Catharanthus 

roseus leaf can be used as a good source for green synthesis of ZnO NPs and the treatment 

of ZnO NPs influenced the seedling growth and Seed vigour index significantly. 
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in previous literatures (Yilmaz et al., 1998; 

Rengel and Graham,1995; Cakmak, 2000; 

Marschner, 1995). In India, soil has 36.5%Zn 

deficiency and it is likely to increase 

approximately ~63% by 2025 

(http://zinc.org.in/zinc-uses/zinc-in-crops/) if 

current trend of Zn losses continue.  

 

Cereals crops that are predominant food of 

Indian population specially wheat, have 

inherently low Zn concentration, and the 

cultivation of this crop in Zn deficient soil 

further decreases Zn content in grains (Das et 

al., 2019) which ultimately cause the Zn 

deficiency in human. Zn has significant role 

in reproduction, development and immunity, 

and Zn deficiency causes diarrhea, stunted 

growth and immunological disorder in human 

(Deshpande et al., 2017). It has been 

estimated that around 26% of the Indian 

population is deficient in Zn 

(http://zinc.org.in/zinc-uses/zinc-in-

crops/).Worldwide, more than 2 billion people 

are lacking in Zn and 800,000 people die 

annually due to Zn deficiency 

(http://zinc.org.in/sustainability/).  

 

To eliminate Zn deficiency from wheat plants, 

different strategies are used. Soil application 

of Zn fertilizer is a simple and effective 

approach that has been extensively used to 

exclude the Zn deficiency in soil (Kutman et 

al., 2010) However, it is associated with some 

problems. The bioavailability of Zn in soil or 

absorption of Zn by the plant from the soil 

depends on different soil properties such as 

salinity, high pH and calcareous nature of 

soil. The poor soil properties (high pH, 

salinity, and calcareous nature of soil) lead to 

formation of insoluble Zn salt that makes it 

unavailable to the plants (Alloway, 2009). As, 

micronutrient is required in very low amount  

and also absorbed in very small quantity by 

the plant so the excessive use of fertilizers is 

wasted that increases the production cost of 

crop and also leads to loss of soil fertility. 

Further, the redundant use of fertilizer also 

causes the environmental pollution due to 

wash out by rain that contaminates the ground 

water and rivers (Deshpande et al., 2017). 

Thus, bioavailability of Zn in soil, excessive 

use of Zn fertilizer and environmental 

pollution are still challenges which are need 

to resolve by using a more potent strategy. 

Currently, applications of Zinc oxide 

nanoparticles (ZnO NPs)in agriculture are 

being extensively explore to resolve the 

problems associated with traditionally used 

chemical fertilizer. The positive effect of ZnO 

NPs has been estimated on plant growth and 

yield in many previous studies (Munir et al., 

2018; Mahajan et al., 2011; Rameshraddy et 

al., 2017; Du et al., 2011) due to their 

controllable physical, chemical and biological 

properties. Besides growth and yield, the 

effect of ZnO NPs for influencing seed 

germination has also been documented in 

previous studies (Maity et al., 2018; Raskar 

and Laware, 2014; Awasthi et al., 2017; 

Solanki and Laura 2018; Prom-u-Thai et al., 

2012). 

 

In present study ZnO NPs has been 

synthesized from Catharanthus roseus by 

using green synthesis method. The 

nanoparticles synthesized by using this 

method are less toxic, cost effective and 

uniform in size because it does not require 

any toxic chemicals, high temperature, 

pressure (Savithramma et al., 2011; Bhumi 

and Savithramma,2014), and also does not 

produce hazardous byproduct (El-Nour et al., 

2010; Stan et al., 2015) that is very common 

in physical and chemical methods. Further, 

Catharanthus roseus is an evergreen plant 

contains 200 terpenoid based indole alkaloids 

in stem, roots and leaves (Bhumi and 

Savithramma, 2014). It also contains 

secondary metabolites like vincristine, 

serpentine, vinblastine, ajmalicine, phenolic 

compounds (Gupta et al., 2018). Therefore, 

the leaf extract of this plant can be used as a 

http://zinc.org.in/zinc-uses/zinc-in-crops/
http://zinc.org.in/zinc-uses/zinc-in-crops/
http://zinc.org.in/zinc-uses/zinc-in-crops/
http://zinc.org.in/sustainability/
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reducing material and surface stabilizing 

agent to synthesize ZnO NPs (Bhumi and 

Savithramma, 2014). The synthesized 

nanoparticles were analyzed by DLS and 

UVspectroscopy and further studied to 

evaluate the effect on seed germination and 

seedling growth. 

 

Materials and Methods 

 

Zinc acetate dehydrate, Sodium hydroxide, 

Ethanol, Whatman No. 1 Filter paper were 

purchased from Hi-Media, Mumbai. All 

chemicals used in the experiments were 

analytical grade.  

 

Preparation of periwinkle (Catharanthus 

roseus) leaf extract 

 

Fresh and healthy leaves of Periwinkle 

(Catharanthus roseus) were taken and washed 

with running water followed by 4-5 times 

wash with double distilled water. The dried 

leaves were crushed in mortar and pestle to 

obtain fine powder. Subsequently, the fine 

powder  (10 gm) of cursed leaves were heated 

at 65 °C in a water bath for 30 minutes in 100 

ml of double distilled water until the colour 

was not changed into yellow. After cooling, 

the leaf extract was filtered by using 

Whatman no.1 filter paper and the filtrate was 

stored at 4 °C in a refrigerator for further use. 

 

Synthesis of ZnONPs from leaf extract 

 

ZnO NPs were synthesized according to the 

previous studies (Bhumi and Savithramma, 

2014; Gupta et al., 2018). Firstly, 0.02 M 

Zinc acetate dehydrate solution was prepared 

by adding 0.35 gm Zinc acetate didydrate 

(Zn(CH3COO)2.2H2O) in 80 ml distilled 

water in a conical flask. The leaf extract (20 

ml) was added into Zinc acetate dehydrate 

solution by drop wise at 70 °C under stirring 

condition. The stirring was done until the 

precipitate was not formed which took around 

2 hours. During the experiment, the pH was 

maintained 12 by using 2 M NaOH. The 

precipitate was centrifuged at 10,000 rpm for 

10 minutes at 4°C and then it was washed two 

times with double distilled water followed by 

two times wash with ethanol to remove the 

impurities. After washing, the precipitate was 

collected and dried in an oven at 60°C 

overnight which formed pale yellow colour 

ZnO NPs. 

 

Characterization of ZnONPs 

 

UV-visible spectrophotometry 

 

The synthesized ZnO NPs was observed 

under UV-visible spectrophotometer 

(GENESYS 10S UV-Vis Spectrophotometer 

by Thermofisher Scientific). A solution of 

100 ppm of ZnO NPs was prepared in double 

distilled water and it was observed under UV-

visible spectrophotometer after 

ultrasonication (100 W, 40 KHz) for 30 

minutes. The absorption spectrum was 

recorded between 250-500 nm wavelengths. 

The double distilled water was used as blank.  

 

Dynamic light scattering (DLS) 

 

The particle size distribution of the ZnONPs 

was determined by DLS (Malvern Nano- 

ZS90). Synthesized ZnO NPs was added in 

double distilled water to make 100 ppm 

solution followed by ultrasonication at 40 

KHz frequency. Then, 2 ml solution was 

placed in a cuvette and observed under DLS 

to determine the size of NPs. A constant 

temperature of 25 ºC was maintained for the 

sample holder. 

 

Germination experiment 

 

Germination experiment was carried out 

according to the previous studies (Awasthi et 

al., 2017; Solanki and Laura, 2018). To 

perform the seed germination experiment, 
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different concentrations of ZnO NPs (20 ppm, 

50 ppm and 100 ppm) were prepared by 

adding the required amount of NPs in double 

distilled water. Healthy and uniform size 

seeds of WH 1105 wheat variety were taken 

and soaked in respective concentrations of 

NPs solutions. For control treatments, some 

seeds were soaked in distilled water. Soaking 

was done for 4 hours. The seeds were treated 

with a little amount of thiram to avoid fungal 

infections.  

 

Petridishes of 15 cm were washed and 2 

layers of towel papers were placed at the 

bottom and moistened. In each petridish, 50 

seeds were placed at equi-distance from each 

other and radical end of seeds oriented 

downwards. Then, the petridishes were 

covered with the lid and kept in an incubator 

at 22.5±1°C for 7 days.  

 

Water was poured every day to keep the 

optimum moisture level. The experiments 

were performed in triplicate and Completely 

Randomized Design (CRD) was used to 

analyze the results. The following parameters 

were recorded after germination experiments. 

 

Germination percentage 

 

The number of seeds germinated was counted 

daily. Healthy and well-developed seedlings 

with complete structures were considered 

during counting. Germination studies were 

performed according to the method 

recommended by the Association of Official 

Seed Analytics (AOSA, 1998) up to 7 days. A 

seed was considered to germinate having 

radical length at least 2 mm. The evaluation 

was done on the final day and was calculated 

as: 

 

 
 

 

Speed of germination 

 

Total number of germinated seeds was 

counted every day from initial day to the final 

day. It is also called Germination Index, and 

was studied on the basis of the method 

recommended by the Association of Official 

Seed Analytics (AOSA, 1983).The following 

formula is used to calculate the speed of 

germination. 

 

 
 

Mean germination time 

 

After the completion of the germination test 

period, the mean germination time was 

calculated on the basis of a formula given by 

Bonner (1983). 

 

 
 

Root length, shoot length and seedling 

length  

 

Five seedlings were randomly selected from 

each petridish on the final day. The root 

length and shoot length were measured from 

the base to the tip. The mean root length shoot 

length were calculated and expressed in 

centimeter (cm). The seedling length was 

calculated by adding root length and shoot 

length. 

 

Root dry weight, shoot dry weight and 

seedling dry weight 

 

To calculate root dry weight and shoot dry 

weight five seedling were randomly selected 

from each petridish on the final day. The roots 

from the base of each seedling were separated 

and packed in a paper bag. Subsequently, the 

paper bag was kept in a hot air oven at 65°C 

for complete drying. 
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Mean root dry weight was calculated by 

dividing total dry weight with the number of 

seedlings. It was expressed in milligram (mg). 

Same method was used to calculate shoot dry 

weight. Seedling dry weight was calculated 

by adding root dry weight and shoot dry 

weight. 

 

Seed vigour index-I 

 

It was calculated by multiplying germination 

percentage and seedling length. 

 

SVI- I= Germination% × Seedling length 

 

Seed vigour index-II 

 

It was calculated by multiplying germination 

percentage and seedling dry weight 

 

SVI- II= Germination% × Seedling dry 

weight 

 

Statistical analysis 

 

All the data of each parameter in all 

experiments were subjected to statistical 

analysis using Completely Randomized 

Design in OPSTAT statistical program 

developed by O.P. Sheoran, Associate 

Professor, CCSHAU, Hisar. 

 

Results and Discussion 

 

Green synthesis of ZnO NPs 

 

Nanoparticles synthesis of ZnO by using 

periwinkle (Catharanthus roseus) leaves has 

been shown in Fig.1 (a-f). The leaf extract of 

Catharanthus roseus contains high amount of 

secondary metabolites like serpentine, 

vincristine, ajmalicine, alkaloids, phenolic 

compounds etc.  

 

These secondary metabolites act as reducing 

agent, stabilizing agent as well as capping 

agent for the synthesis of ZnO NPs (Gupta et 

al., 2018). Hence, Catharanthus roseus found 

be a good source for synthesis of ZnO NPs. 

 

Characterization of synthesized ZnO NPs 

 

UV-visible spectrophotometry 

 

UV-visible spectrophotometry analysis was 

carried out to determine the synthesis of ZnO 

NPs. A graph was plotted by taking 

wavelength from 250 nm to 500 nm on X-axis 

and absorbance on Y-axis. The peak 

absorbance was observed at 372 nm 

wavelength (Fig.2). The present finding is in 

accordance with findings of Gupta et al., 

(2018), Ghorbani et al., (2015) and Kolekar et 

al., (2011), which indicate the synthesis of 

ZnO NPs. 

 

Dynamic light scattering (DLS) 

 

The particle size distribution was observed by 

using dynamic light scattering technique. It is 

a common technique used for finding particle 

size distribution of colloidal solutions. In the 

particle size distribution curve, average size 

of synthesized ZnO NPs was found 385 nm 

(Fig. 3). The polydisperity index was found to 

be 0.259. According to Nagarajan and 

Kuppusamy, (2013) samples having very 

wide size distribution show more than 0.7 

polydisperity index. However, the synthesized 

ZnO NPs showed less polydispersity index 

which indicated the uniform nature of 

nanoparticles. 

 

Germination parameters (germination 

percentage, speed of germination and mean 

germination time) 

 

Germination parameters like germination 

percentage, speed of germination and mean 

germination time are used to define the 

efficiency of a seed to germinate. 

Germination percentage is an estimate of the 
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viability of a population of seeds.   However, 

speed of germination represents the rate of 

seed germination during the test period. While 

mean germination time shows the average 

time period required for the seeds to 

germinate. There was not found any 

significant effect on these parameters at 

different concentrations of ZnO NPs. The data 

pertaining to germination percentage, speed 

of germination and mean germination time at 

different concentrations of ZnO NPs has been 

presented in Table 1.   

 

These parameters (germination percentage, 

speed of germination and mean germination 

time) were not affected by the concentration 

of ZnO NPs because they might be mainly 

depend on the genetic factor. Similar result 

has also been observed by Rawat et al., 

(2018). The petriplates showing germinated 

seedlings at different concentration of ZnO 

NPs have been shown in Fig.4. 

 

Root length 

 

In the experiment, the root length of the wheat 

seedlings varied significantly with change in 

the concentration of ZnO NPs. The root 

length of control seedlings was found to be 

11.57 cm. When seed were treated with 20 

ppm ZnO NPs, there was not found so much 

change in the root length. However, seed 

priming with 50 ppm ZnO NPs caused a 

significant increase in the root length i.e., 14.6 

cm, which was 26.23 % more than the 

control.   

 

Effect of 100 ppm ZnO NPs priming was 

statistically at par with that of 50 ppm. When 

seeds were treated with 100ppm ZnO NPs 

concentration, a decrease was observed in 

root length that was possibly due to the 

toxicity of nanoparticles at higher 

concentration. The data of root length of 

seedling after priming with ZnO NPs has been 

shown in Table 2.  

Shoot length 

 

In this experiment, the shoot length of control 

seeds (without any treatment of ZnO NPs) 

was found 8.2 cm. The significant increase in 

seedling shoot length was observed in all 

concentrations of ZnO NPs (20 ppm, 50 ppm 

as well as 100 ppm).The data of shoot length 

has been represented in Table 2. In 20 ppm 

treatment, shoot length was obtained e 10.33 

cm, which was 26% higher than the control 

seedlings. Highest shoot length was observed 

in 50 ppm ZnO NPs treatment that was 11.63 

cm (41.87 % higher as compared to the 

control seedlings). Further increase in 

concentration of ZnO NPs caused decrease of 

shoot length showing possible toxicity of ZnO 

NPs. 

 

Seedling length 

 

The seedling length at different 

concentrations of ZnO NPs has also been 

shown in Table 2. The data revealed that the 

seedling length was also found significantly 

different at different concentrations of ZnO 

NPs. The length of control seedling was 

observed 19.77 cm. After treatment with 20 

ppm concentration of ZnO NPs showed 22.1 

cm seedling length which was 11.81 % higher 

than the control ones and was statistically at 

par with 100 ppm treatment. The highest 

seedling length was observed at 50 ppm 

concentration of ZnO NPs that was found 

26.23 cm and 32.72 % higher than the control 

seedlings.  The seedling length at different 

concentration has been shown in Fig. 5. 

 

The increase in seedling length might be due 

to the production of auxin in the seedling 

(Zhao, 2010; Liu et al., 2013) because Zinc 

act as the precursor for synthesis of auxin. 

After the treatment of different concentrations 

of the ZnONPs, a sufficient amount of Zinc 

was available for auxin synthesis to enhance 

the length of the seedling.  
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However, the higher concentration of NPs 

might lead to toxicity which retarded 

metabolism of embryo cells, and hence a 

decrease was observed in length of root, shoot 

and the whole seedling. Previously, Prasad et 

al., (2012), Lin and Xing (2007) and Maity et 

al., (2018) also observed the similar effect of 

ZnO NPs during seed germination.  

 

Root dry weight 

 

In the experiment, a significant increase in 

root dry weight was obtained at 50 ppm 

concentration of ZnO NPs. The control 

seedling had 8.1 mg root dry weight. After the 

treatment of 50 ppm ZnO NPs, highest root 

dry weight was observed i.e., 10.23 mg which 

was 26.34 % higher than the control 

seedlings.  

 

The 20 ppm and 100 ppm treatments showed 

8.2 mg and 9.17 mg root dry weight 

respectively that were not significantly 

different from the control one. The data 

related to the dry weight of roots at different 

concentrations of ZnO NPs treatment has 

been shown in Table 3. 

 

Shoot dry weight 

 

The shoot dry weight varied significantly with 

change in the concentrations of ZnO NPs. The 

data has been represented in Table 3. The 

shoot dry weight was observed 8.57 mg in 

case of the control seedlings. After 20 ppm 

treatment, the dry weight of shoots was found 

10.8 mg which was 26 % higher as compared 

to control seedlings while 42.42 % increase 

was observed at 50 ppm treatments.  

 

Further, the dry weight of shoot was 

decreased with increase the concentration of 

ZnO NPs, and 100 ppm concentration showed 

a reduction in the dry weight of shoot which 

was 10.67 mg and was statistically at par with 

the 20 ppm treatment of ZnO NPs. 

Seedling dry weight 

 

The seedling dry weight was calculated by 

adding root and shoot dry weight. The 

experiment showed significant difference in 

seedling dry weight with change in the 

concentration of ZnO NPs (Table 3). The 

seedling dry weight was observed 16.67 mg 

in case of the ZnO NPs free seedlings. The 

seedling dry weight was increased with 

increase the concentration of ZnO NPs upto 

50 ppm. It was increased by 14 % and 34.61 

% as compared to control seedling dry weight 

at 20 ppm and 50 ppm treatments 

respectively. But, at 100 ppm ZnO NPs 

concentration, the dry weight of seedling was 

reduced that indicated possible toxicity of 

ZnO NPs in the seedling at this concentration. 

 

The seedlings dry weight showed a pattern 

similar to seedling length (at 50 ppm ZnO 

NPs, maximum seedling dry weight was 

observed). Similar pattern was also observed 

in case of dry weight of root and shoot. 

Comparable results have also been observed 

by Raskarand Laware (2014), Solanki and 

Laura (2018) and Narendhran et al., (2016) in 

previous studies. 

 

Seed vigour index (I and II) 

 

Seed vigour is the activity and performance of 

the seed during germination and seedling 

emergence. The data related to seed vigour 

index-I and II have been shown in Table 4. 

Seed vigour index–I calculate germination 

percentage and seedling growth (on the basis 

of length). On the other hand, Seed vigour 

index –II estimate germination percentage and 

seedling growth (on the basis of seedling dry 

weight).  

 

In this experiment significant variation in the 

SVI-I was noted with change in the ZnO NPs 

concentration. In the control seedlings, SVI-I 

was observed 1857.  
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Table.1 Germination percentage, speed of germination and mean germination time of seed 

treated with different concentrations of ZnO NPs 

 

Concentration of 

ZnO NPs (ppm) 

Germination 

percentage 

Speed of 

germination 

Mean germination 

time (days) 

0 94.00 14.77 3.17 

20 96.00 15.35 3.21 

50 99.33 16.28 3.26 

100 98.67 15.84 3.31 

SE ± 1.37 0.36 0.09 

CD (5%) NS NS NS 

 

Table.2 Length of root, shoot and seedling treated at different concentrations of ZnO NPs 

 

Concentration of 

ZnO NPs (ppm) 

Root length (cm) Shoot length (cm) Seedling length (cm) 

0 11.57 8.20 19.77 

20 11.77 10.33 22.10 

50 14.60 11.63 26.23 

100 13.00 10.17 23.17 

SE ± 0.68 0.41 0.70 

CD (5%) 2.26 1.37 2.31 

 

Table.3 Dry weight of root, shoot and seedling treated with different concentrations of ZnO NPs 

 

Concentration of 

ZnO NPs (ppm) 

Root dry 

weight (mg) 

Shoot dry weight (mg) Seedling dry weight 

(mg) 

0 8.10 8.57 16.67 

20 8.20 10.80 19.00 

50 10.23 12.20 22.43 

100 9.17 10.67 19.83 

SE ± 0.46 0.44 0.56 

CD (5%) 1.54 1.47 1.84 

 

Table.4 Seed Vigour Index-I and Seed Vigour Index-II of seedlings treated with different 

concentrations of ZnO NPs 

 

Concentration of ZnO NPs (ppm) Seed Vigour Index- I Seed Vigour Index- II 

0 1857 1566 

20 2123 1825 

50 2605 2228 

100 2286 1957 

SEm± 72.59 58.49 

CD (5%) 240.42 193.72 
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Fig. 1 Synthesis of ZnO NPs: (a) Prepared leaf extract; (b) Prepared 0.02 M zinc acetate 

dehydrate solution; (c) Leaf extract added to zinc acetate dihydrate; (d) Colloidal appearance 

after 2 hours of stirring; (e) Precipitate of ZnO NPs; (f) ZnO NPs powder formed after oven 

drying of precipitate 

 

 
Fig.2 UV-visible spectrophotometry of synthesized ZnO NPs 
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Fig.3 Dynamic light Scattering of Synthesized ZnO NPs 

 

 
Fig.4 Petriplates containing seedlings treated with different concentrations of ZnO NPs; (a) 0 

ppm; (b) 20 ppm; (c) 50 ppm; (d) 100 ppm 

 

 
Fig.5 Seedlings of wheat treated with different concentrations of ZnO NPs; (a) 0 ppm;  

(b) 20 ppm; (c) 50 ppm; (d) 100 ppm 



Int.J.Curr.Microbiol.App.Sci (2020) 9(5): 258-270 

 

268 

 

While after 20 ppm ZnO NPs treatment, 

significant increase was found that was 14.31 

% higher than the control seedling. Highest 

SVI-I was observed at 50 ppm ZnO NPs 

treatment with 40.28 % increased as 

compared to the control seedlings. However, 

after100 ppm ZnO NPs treatment, the SVI-I 

was significantly lower than the 50 ppm 

treated seedlings which showed possible 

toxicity of ZnO NPs at concentration higher 

than 50 ppm. The variation in the seed vigour 

index-I due to concentration of ZnO 

nanoparticles might be because of the 

seedling length and germination percentage as 

seed vigour index-I is the product of seedling 

length and the germination percentage of the 

seedlings. 

 

ZnO NPs treatments also had a significant 

effect on the SVI-II of wheat (Table 4). SVI-

II was observed 1566 in control seedlings. 

After 20 ppm ZnO NPs treatment, a 

significant increase of 16.57 % was found in 

SVI-II than control. Highest SVI-II was 

observed at 50 ppm ZnO NPs treatment, 

which was 42.32 % higher than the control 

seedlings. Further, increase in concentration 

of ZnO NPs (100 ppm) decrease in SVI-II 

was observed. The variation in the seed 

vigour index-II with different concentrations 

of ZnO nanoparticles might be due to the 

seedling dry weight and germination 

percentage as seed vigour index-II is the 

product of seedling dry weight and the 

germination percentage of the seedlings. 

Similar results were also examined by Rawat 

et al., (2018). 

 

In conclusion, ZnO NPs can be synthesized 

by using Catharanthus roseus as a reducing 

agent. UV-visible spectroscopy and DLS 

indicated the synthesis of ZnO NPs. 

Germination percentage, speed of germination 

and mean germination time were not found 

significantly influenced by the treatment of 

different concentrations of ZnO NPs. 

However, a significant increase was observed 

in root length, shoot length, seedling length, 

root dry weight, shoot dry weight, seedling 

dry weight, seed vigour index I and seed 

vigour index II at different concentrations of 

ZnO NPs treatment. The maximum increase 

in all parameters was exhibited at 50 ppm 

concentration.  Further, increase in 

concentration (100 ppm) showed a reduction 

in all parameters that was possible due to the 

toxicity of nanoparticles at higher 

concentration.  
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