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Abstract 

During this study on the influence of silver nanoparticles (AgNPs) on growth of L-883 onion 
varietiesAllium cepa L.AgNPs  100 nm size were used in four different concentrations (25, 
50, 75, and 100 ppm) and T0 was kept as control. The seeds of onion were brought from 
NHRDF Indore. The findings revealed that 25ppm of silver nanoparticle led to the highest 
seed germination percentage as compared to other concentrations. On the other hand, all the 
other concentrations were found to have a harmful effect on both seed germination and 
seedling growth as the level of toxicity arestrongly associated with concentration of the 
suspensions. AgNPs of 100ppm concentration was found to have lowest rate of seed 
germination, however non-significant difference was found in 75ppm and 100ppm 
concentrations. Therefore, a concentration of 25ppm of AgNPs proved to be the most 
effective treatment for promoting optimal seed germination and seedling growth in onions. 
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Introduction 

Onion (Allium cepa) is an important bulb crop and a key vegetable in India. It belongs 
toAlliaceaefamily whichincludes several more economically substantial crops.onions are the 
second most extensily consumed vegetable in the world and they are the oldest to be 
produced (Benitez et al.,2011) 

Onionhas anti-bacterial, anti-fungal properties and many medicinal properties such as anti-
cancer properties and work as an anti-cholesterol agent. Onion also has an antioxidant 
component quercetin in it (Baghizadehet al.)In add up to trade of vegetables in India, 
onionshave the biggest section of Ledger account of 76.2 per cent yet its efficiency is lower 
than numerous of the nation. Insufficiency of high-quality onion’s germplasm is one of the 
main reasons for less yield. Seed quality parameters such as seed size and seed weight also 
influence the ultimate reduction in the yield of onion (Gamielyet al., 1991).  

In expansion, it has been detailed to be wealthy in phytochemicals particularly 
flavanols which has therapeutic esteem (zadehet al., 2009). Within the World, India ranks 
second after china in terms of range and production. 

 

During storage,onion seed rapidly misfortune its reasonability because they generate 
free radicals by lipid peroxidationwhich result in low germination rate. As Current 
technologies are insufficiently effective in tackling these issues on a large scale. nevertheless, 
nanotechnologies hold promise for finding a solution.Nanoparticles appear diverse impacts 
on seed germination of distinctive plants (Rico, et al. 2011).  

According to Noshadet al., (2019), AgNPs dramatically boosted Solanum 
lycopersicum seed germination and seedling growth. In tomato AgNPs increased the length 



and quantity of roots in seedlings, as well as the amount ofnitrogen and phosphorus in the 
leaves (Guzman-B aezet al., 2021). 

Materials and Methods 

AgNPs with different concentration was used in this experiment.Theseeds of onion (L-883) 
was brought from National Horticultural Research and Development Foundation (NHRDF) 
Madhya Pradesh. AgNPs of strengths of 25 ppm (T1), 50 ppm (T2), 75 ppm (T3), and 100 
ppm (T4) were prepared in distilled water using a water bath as treatments. 

Procedure  

The experiment was conducted in completely randomized design (CRD) (Maxwell 2005) 
with three replicates. For each treatment, 50 germplasm were placed in each replicate. To 
ensure surface sterility, seeds were soaked in 5% sodium hypochlorite solution for 20 
minutes. (USEPA, 1996) and subsequently washed many times with distilled water. 150 seeds 
were submerged in the solution containingAgNPs for around 3 hours. As supplementary 
control, seeds were kept in distilled water for the same period. The vessel was frequently 
shaken for uniform adsorption of AgNPs. Whatman no. 1 filter paper was placed on the Petri 
plate with a diameter of 100 x 15 mm and 2.5 ml of solution was poured onto it, and in 
control 2.5 ml of double-distilled water was poured. The Petri dishes were then placed in a 
germination chamber at 26 ± 5 °C and 96 ± 2% relative humidity.  Germination were 
recorded daily and further observations were taken on 6th days, and the last observation was 
recorded on the 14th day. 

Parameters measured in the study:  
Germination Percentage = (Gsn-1) × 100  
Where Gs = number of germinated germplasm 
n =Total number of seed used in the test.  
By counting the cumulative germination against each day Cumulative germination percentage 
is calculated. 

Germination rate index (GSI) 

The germination index was calculated as the total number of germplasm germinated per day 
divided by the number of days from sowing to germination, according to the Maguire 
equation (1962). 

Mean Germination Time (MGT)  

“Mean germination time was calculated by the formula given by (Robert,1981)  

MGT = n1 x d1 + n2 x d2 + n3 x d3 + --------/ Total number of days” 

“Where, n= Number of seed which have germinated 

d = Number of days  

Mean daily germination (MDG)  

Mean daily germination was calculated by the formula given by (Czabator, 1962)  

MDG = Number of germinated seeds / Total number of days 



Vigour index  

The vigour index was calculated using the approach recommended by Anderson (1973). 

Vigour index = Germination percentage × Seedling length. 

Tolerance Index (TI) = Average root length in AgNPs solution divided by longest root 
length in solution containing double distilled water x 100. (Saeed & Associates, 2016)” 

Root and shoot length 

“The measurement of root length from the base of the collar to the tip of a root was done for 
all normal seedlings, and the average value was in centimetres. The average value for the 
shoot length of seedlings from the germination test was measured on the 6th and 14th days, 
respectively, from around the collar area to the tip of the shot. A similar approach was taken 
to determine root-to-shoot ratios. Fresh mass was weighed with an electronic balance and was 
expressed in mg. seedlings were placed in an oven at a temperature of 65°C until the weight 
became constant and the weight was expressed in mg.” 

Result and Discussion 

“In the study, there was a significant increase in germination percentage (GP) in T1 (25 ppm 
AgNPs) compared to other treatments (Table 1). lowest germination % wasobserved in 
100ppm ofAgNPs in both the observations as high concentration of silver nanoparticle effects 
germination %. Germination speed index was observed maximum in 25ppm whereas T3 and 
T4 was at par but significantly lesserthan control (table 1).A cumulative germination 
percentage (CGP) means that germination has started on 3th day for all treatments except in 
T4(100 ppm) where, the first germination was observed on 4th day. From the cumulative 
germination rates, it can be concluded that T2, T3, and T4 were partially toxic to the 
seedlings. It may also notice that seed of T2could manage themselves to pick the germination 
after 7 days. whereas, mean germination time was non-significant among all thetreatment.” 

 
 
 

 
 

Table1:Germinationandvigourparameters of onion. 

Treatment Germination % GerminationspeedIn
dex 

Meangerminationt
ime 

Meandaily germination Vigorindex 
6thday 14thday 6thday 14thday 6thday 14thday 

Control 46.00b 70.66b 6.60b 2.23 3.83b 2.52b 155.34b 641.35b 
T1 58.00a 81.33a 7.98a 2.36 4.83a 2.90a 235.86a 871.16a 
T2 24.00c 66.00b 4.87c 2.46 2.00c 2.26c 62.48c 500.78c 
T3 16.00d 50.00c 3.6cd 2.03 1.33d 1.73d 17.07d 250.42d 
T4 12.00d 46.00c 3.12d 1.99 1.00d 1.64d 7.25d 216.42e 

CDat 0.05 6.28 5.04 1.82 NS 0.53 0.20 19.97 28.75 
SEm 2.03 1.62 0.27 NS 0.15 0.05    6.34 9.10 



Figure 1:  Cumulative germination percentage of germplasm treated with AgNPs. 
“The average daily germination was higher on days 6 and 14, but the average daily 
germination on day 6 was higher (4.83 %) than on day 14 (2.90). This means that 25 ppm 
AgNPs stimulate early germination and data represents that 50 ppm, 75 ppm, and 100 ppm 
AgNPs of populate early germination (Table 1). Treatment with 25 ppm AgNPs showed the 
maximum vitality index (VI) on days 6 and 14, which was significantly higher as compared 
to control.It was that vigour index gradually decreases as concentration increasesas 50, 75 
and 100ppm has less vigour index. Lowes vigour index was observed in T4 (Table 1). 
AgNPsincorporate with seed coats and helps in water uptake inside seeds which promotes 
starch metabolism and seed germination. It is also applied as a Nano-priming agent to 
enhance rice-aged seeds and starch metabolism. (Khan et al 2023)” 

Table2:Performanceofonionseedfortoleranceindex,shootandrootratio,seedlingfreshweightan
dseedlingdryweight. 

 

Treatment 
Toleranceindex Shootandrootratio

(cm) 
Seedlingfreshweight(mg) Seedlingdryweight(mg

) 6thday 14thda
y 

6thda
y 14thday 

Control 100.00b 100.00 2.46a 3.72b 20.27
b 1.50 

T1 140.61a 120.57 1.97b 3.64b 25.89
a 1.71a 

T2 105.85b 94.47 1.50c 3.51b 21.40
b 1.09d 

T3 76.39c 51.90 0.45d 5.04a 16.47
c 1.52b 

T4 58.13d 52.37 0.27d 4.67a 17.40
c 1.30c 

CD(0.05) 11.68 10.30 0.26 0.61c 1.28 0.16 

SEm 3.26 3.22 0.3 0.06 0.5 0.04 

 

It was also noticed that treatment T2, T3 and T4 had very little VI compare to T1 or control on 
6th day, which indicates that in initial days there was minimum growth. Maximum tolerance 
index (TI) was observed in T1 and minimum was observed in T4 (table 2).The decline in TI 
and VI was brought on by a higher proportion of seed germination inhibition, which was 
followed by a decrease in shoot height and root length as a result of the combined negative 
impacts of metal poisoning from AgNPs via oxidative stress. The treatment T1 had the 
highest seedling fresh weight (25.89 mg) compared to all other treatments, while T3 had the 
lowest seedling fresh weight (however it was comparable to T4). 

Similarly, highest dry weight was recorded in T1and lowest dry weight was recorded in T2. It 
was notice that shoot length was less in T4 and T3 compare to other treatment (Table 3). 
maximum shoot length was observed in T1. Maximumand minimum root length was 
observed in T1and T3respectively (Table 3.) Pandey et al., (2014) reported that root and shoot 
growths are more affected by the Ag treatment than seed germination. The roots length was 
retarded to 1% and 0.5% in Oryza sativa and Brassica campestris; Vigna radiata, respectively 
when AG nanoparticles were used at higher concentration.Mazumdaret al., (2011) 

Conclusion 



All parameters indicate that AgNPsat lower concentrations (25 ppm) will promote 
germination and have a positive effect on physiological activities, but higher concentrations 
of AgNPs are toxic for seedlings. Among all treatments, T4 was most toxic to seedlings. 100 
ppm AgNPs significantly reduced all parameters. The toxic effect of AgNPs is may be due to 
increased production of ROS during interaction between nanoparticle and plant (Marslin et 
al.,2017). Less concentration induced plantlets while higher concentration caused inhibition 
(Mandal et al.,2006) AgNPs at 0-, 10-, 20-, and 30-mM increased plant growth and maintains 
the ionic balance of cells (Na+, K+, and Na+/K+ ratio) by decreasing the uptake of Na and Cl 
and oxidative stress by salt-stressed plants (khan et al 2023). 
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