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Abstract 

Diverse application of nanoparticles (NPs) made it possible that they can be used in agriculture as nanofertilizers 

which increase the plant growth and yields. This paper investigates the in vitro stuides of two nanoparticles, silver 

(Ag) and copper oxide (CuO) nanoparticles on the germination of mustard seeds. Different concentration (0, 2, 4, 8 

or 16 mg/L) of both nanoparticles was used in this experiment. CuO NPs shows the better result than AgNPs on 

germination and maximum increase was found at 4 mg/L of CuO NPs which was about 19% by CuO NPs at 4 mg/L 

as compared to control, whereas, vigour index was 267% and germination index was 29% higher than the control. 

At the same concentration (4 mg/L), AgNPs increased the germination rate by 8%, vigour index by 104% and 

germination index by 9% over the control. 
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Introduction  

Nanotechnology is one of the most promising field of science which have potential application in many sectors.  

According to definition it is the branch of science which deals with the manipulation of matters at atomic, molecular 

or macromolecular level where properties significantly differ to those at larger scale. Particles have at least one 

dimeson and size between 1-100 nm are called nanoparticles (NPs). Importance of NPs is due to their unique 

physicochemical properties, i.e., high surface area, high reactivity, size and (Siddqui et al., 2015). Due to rapid 

progress and widespread use, it is now possible to synthesize and produce engineered nanoparticles (ENPs) with 

several types, dimensions, and morphologies (Gui et al., 2015).  

A number of studies showed the response of nanoparticles on germination, seedling growth, physiology of plants but 

the result on seed germination is not yet conclusive due to variation in result (Hao et al., 2016). It was reported that 

TiO2 NPs improve the seed germination of fennel (Liu and Lal, 2015). Similar result also found in the case of zinc 

oxide nanoparticles (ZnO NPs), for cucumber (Rosa et al., 2013). Increased germination of corn, barley, and 

soybean seeds in response to multiwalled carbon nanotubes (MWCNTs) was also found (Lahiani et al., 2013). 

AgNPs is one of the most used nanoparticles due to their antimicrobial properties. Evidence suggests that AgNPs 

affects the plants growth and physiological activities (Vishwakarma et al., 2017; Sable et al., 2018). It was found 

that percent germination was accelerated by AgNPs in pearl millet (Parveen and Rao 2015). Cu-based NPs have 

various uses (Wang et al., 2012; Zuverza-Mena et al., 2015; Xiong et al., 2017).  

In this study, we have investigated the impact of AgNPs and CuO NPs on the germination parameters of mustard 

seeds. 
 

Materials and Methods 

Source of mustard seed 

Mustard Seed (Brassica juncea cv. RGN-48) purchased from Indian Agricultural Research Institute PUSA, New 

Delhi. Healthy and uniform size seeds were selected for the study. These seeds were surface sterilized with 0.01% 

mercuric chloride solution for five minutes, followed by rinsing with double distilled water (DDW), at least thrice, 

to remove even the traces of adhered mercuric chloride to the seed surface before treatments and transferred into the 

mailto:hayat_68@yahoo.co.in


 

19 

 

 Journal of Research & Development, Vol. 18 (2018)                                 ISSN  0972-5407  

petri dishes. The petri dishes were sealed with paraffin tape and placed inside the incubator at temperature of 22 ± 2 
o
C. Germination was asses in the form of percent germination, germination index (GI) and vigour index (VI) 

 

Preparation of AgNPs and CuO NPs  

AgNPs and CuO NPs purchased directly from the Sigma-Aldrich, New Delhi. Various of concentration (0, 2, 4, 8 

and 16 mg/L) of both AgNPs and CuO NPs was prepared in DDW. 
 

Seed germination rate  

Germination rate was recorded every day from 2 to 7 days. The number of germinated seeds was noted daily for 7 

days. Seeds were considered as germinated when their radicle showed at least 2-3 mm in length. 
 

Vigor index (VI)  

Seedling vigor index was calculated by the following formula as suggested by Abdul Baki and Anderson (1972).  

Vigor index = % germination X seedling length (root + shoot) cm  
 

Germination index (GI) 

Germination index was calculated by the formula given by Tao and Zheng, (1990). Germination index (GI) = % 

germination ÷ germination days 

 

Results 
 

Seed germination rate  

Seed germination rate was significantly improved by all the treatments. Out of the two nanoparticles, the response of 

CuO NPs was significantly higher than that of AgNPs, irrespective of the concentration. CuO NPs (4 mg/L) proved 

best that increased the seed germination rate by 19%, over the control, whereas, at the same level AgNPs had 8% 

more seeds to germinate (Figure 1). 

 

Figure 1:  Effect of AgNPs and CuO NPs on percent germination of mustard 

seeds at 7
th

 days. Vertical bars show standard errors (±SE)   
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Vigour index 

The results presented in figure 2 indicate that vigor index increased significantly irrespective of the concentration 

and the nanoparticle used. CuO NPs produced more pronounced result as compared to Ag NPs. The 4 mg/L of CuO 

NPs proved best that enhanced the vigor index by 267%, over the control. Moreover, at the same concentration 

AgNPs improved it by 104% more than the control.  

 

 

 
 

 

 

Germination index 

It is deduced from the figure 3 that germination index was positively affected by AgNPs and CuO NPs, at all their 

concentrations but latter improved it to a significant level. CuO NPs (4 mg/L) exhibited maximum increase of 29%, 

over the control. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Effect of AgNPs and CuO NPs on vigour index of mustard seeds at 7th 

after treatments days. Vertical bars show standard errors (±SE) 
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Figure 3: Effect of AgNPs and CuO NPs on germination index of mustard seeds at 

7
th

 days after the treatment Vertical bars show standard errors (±SE)  
 

 

 

Discussion 

Seed germination initiate from the imbibition of water which activates the physiological processes that’s where 

plant’s life start (Wierzbicka and Obidzińska, 1998). The present study was implicit to inspect the effects of 

different concentration of AgNPs and CuO NPs on germination of mustard seed. All the concentrations of both the 

NPs increased the rate of germination (Figure 1, 2 & 3), where 4 mg/L of CuO NPs proved best which excelled 

over that of AgNPs. Our result is well supported by Raju et al., (2016) who find that Fe NPs significantly increase 

the germination of green gram seeds by enhancing the water uptake. Similarly, improved seed germination by 

AgNPs (Krishnaraj et al., 2012; Sharma et al., 2012; Yin et al., 2012 Almutairi and Alharbi, 2015), ZnO NPs 

(Afrayeem and Chaurasia, 2017), CNTs (Khodakovskaya et al., 2009; Ghodake et al., 2010), CuO NPs and SiNPs 

(Shah and Belozerova, 2009; Siddiqui and Alwhaibi, 2013; Suriyaprabha et al., 2014), TiO2 NPs (Zheng et al., 

2005) and AuNPs (Gopinath et al., 2014), biogenic NPs (Bhati-Kushwaha et al., 2013) with varied crops has already 

been reported. Moreover, SiO2 and MoNPs activated the germination in rice seeds (Adhikari et al., 2013). Soybean 

seeds exposed to ZnO NPs also overcome the impact of drought stress with improved germination (Sedghi et al., 

2013). The prominence in the effect of CuO NPs over AgNPs on seed germination of mustard seeds (Figure 5) is 

possibly because of its impact on the generation of ethylene which favoured seed germination (Taiz and Zeiger, 

2002). Ag is also the inhibitor of ethylene action so that nanoform may also exert the same effects but this study still 

needed effective mechanism. However, seed germination response to NPs is considered as poor indicator (Rico et 

al., 2011) but needs a thorough investigation to understand the actual mechanism by testing various crops. 
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Conclusion 

It can be concluded from the present study that NPs have ability to improve the seed germination at lower 

concentration. Both the NPs i.e. AgNPs and CuO NPs positively influence the seed germination process of mustard 

seed. Out of the two tested NPs response of CuO NPs was more pronounced than AgNPs. 
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