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The use of silver nanoparticles (AgNPs) in the fields of agriculture and horticulture has been 

increasing recently due to contribution to seed germination, plant growth and development, 

flowering, yield, and physiological improvements. This research aimed to investigate the effects of 

silver nanoparticles on the growth and flowering characteristics of the 'Santander' lily (Lilium L.) 

variety and to determine its potential for use in cultivation. Before planting the plant bulbs immersed 

in AgNPs solutions of 0 (control), 50, 75, 100, 125 and 150 ppm. After harvest; weight, 

circumference, height, root length, fresh and dry weight, stem root length, fresh and dry weight of 

stem, plant height, plant stem diameter, fresh plant weight, bud number and vase life were 

determined. As a result; it has been indicated that AgNPs solutions in different concentrations 

increased the quality and quantity of cut flowers and bulbs in lily plants. AgNPs increased an 

average of 26.29% when compared with control in all morphological characteristics except for the 

vase life. In the light of these findings, AgNPs applications can be preferred as a method that can 

be used on lily cultivation and reproduction. Nevertheless, considering the deficiency of treatments 

of AgNPs in lily plants and their poorly known effect on plants, further detailed studies are 

necessary. 
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Introduction 

Lilies (Lilium sp. and hybrids) are the second-major 

flower bulb product in the Netherlands and the greatest 

importance bulb product in the world. Lilies are culivated 

for bulbs, cut flowers, potted or garden flowers. The 

majority of bulbs cultivated for worldwide distribution are 

grown mainly in the Netherlands and lilies the fifth most 

desirable cut flower after roses, chrysanthemums, tulips, 

and gerberas, respectively. In 2019, cut lily flowers were 

144 million and bulb production were 282 million pieces 

for Europe (Royal Flora Holland, 2019). Lily bulbs are also 

grown in USA, Israel, Brazil, Australia, New Zealand, 

Tasmania and Chile. (Chastagner et al., 2017). 

Recently, metallic nanoparticles which have an 

important place in nanotechnology, find application 

opportunities in many fields such as physics, chemistry, 

electronics, food, health and biomedical and are the subject 

of intensive studies in this field. Looking at ancient times, 

it is seen that the shelf life extended at room temperature 

by throwing silver coins into water and milk, and success 

achieved in food preservation by using silver containers 

and tools. It is reported that silver is used as an 

antimicrobial agent in waters used in the Russian MIR 

space station and NASA space shuttle (Beykaya and 

Çağlar, 2016). 

The use of AgNPs in agricultural and horticultural 

fields has recently increased due to their contribution to 

plants physiological improvements (Byczyńska, 2017a). 

The positive effects of AgNPs increased vase life in cut 

alstroemeria (Alstroemeria ‘Summer Sky’) (Langroudi et 

al., 2020), extended post-harvest life of cut ‘White Parrot’ 

Tulipa flowers (Byczyńska, 2017b), supported growth and 

enhancement of inflorescences in Carthamus tinctorius 

(Zari et al., 2015). AgNPs treatment by decreasing stem 

blockages delays the senescence of cut Antirrhinum 

flowers (Rabiza-Świder, 2020). In Trigonella foenum-

graecum, the treatment of AgNPs stimulated the 

development of seedlings by increasing root length, shoot 

length, leaf number, and fresh weight of plants (Jasim, 

2017). Soaking the bulbs in the AgNPs solution enhances 

the quality of cut flowers, increases bulb yield, promotes 
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the development of the root system and shortens the 

production cycle (Byczyńska, 2019). It has been 

determined that AgNPs applications show different effects 

of nematicidal activity (Dura et al., 2019). Silver 

nanoparticles may also have inhibitor effects, manifested 

by limited germination in Brassica nigra (Amooaghaie, 

2015). AgNPs stimulated plant growth, as manifested by 

the enhanced accumulation of leaf and bulb biomass and 

accelerated flowering (Salachna, 2019). 

Due to the limited number of studies on the effects of 

AgNPs on lily plants, this study was conducted to 

determine what kind of effect they have by choosing 

different concentrations than the concentrations preferred 

in previous studies. In this study, we examined the impacts 

of bulb immersing in nano-silver solutions of varied 

concentrations on the quality parameters of plant growth of 

‘Santander’ lilies. It is known that especially plant height, 

number of buds and vase life parameters are more 

important than other parameters in these quality 

parameters. 

 

Material and Method 
 

This study carried out in the greenhouse (40°19'55"N 

36°28'33"E) in 2020 using bulbs of Lilium spp cv. 

Santander. The bulbs were obtained from ‘Asya Lale’ 

company. The average circumference and weight of bulbs 

were 13.35 cm and 31.80 g, respectively (Figure 1). Before 

planting, the bulbs immersed for 60 min in AgNPs 

(Nanography, Turkey) solutions (0, 50, 75, 100, 125, and 

150 ppm) prepared by dissolving AgNPs in pure water. 

 

  
Figure 1. Lily ‘Santander’ bulbs (A) and flowering (B, 

Anonymous, 2022). 

 

   
Figure 2. Lily ‘Santander’ planting (A), covering the 

bulbs (B), one month after planting (C) 

Each treatment involved three independent repetitions 

with eight bulbs (Total bulbs 144 pieces). On 13 April 

2020, each bulb planted with a distance of 15 cm into the 

growing tables. Growing tables have 80 cm diameter, 240 

cm length, and 384 L capacity filled equally (1:2) with 

perlite and peat material TS1 (Kronen, Cerkwica, Poland) 

(100-200 mg/l N, 70-130 mg/l P2O5, 140-240 mg/l K2O ve 

60-100 mg/l Mg). The peat material has an initial pH of 5.5 

– 6.5 and an electrical conductivity of 35 mS/m-1. (Figure 

2). The average temperature and humidity were 25.8°C and 

%74.7 in the greenhouse during the study. 

Plants were harvested (14 weeks after planting) when 

the fully colored flower bud appeared. Then six plants from 

each replicate were randomly picked up for the following 

measurements; bulb weight (g), bulb circumference (cm), 

bulb size (mm), stem root length (cm), bulb root length 

(cm) measured from the basal plate to the end of the longest 

root, fresh weight of stem root (g), fresh weight of bulb root 

(g), dry weight of stem root (g), dry weight of bulb root (g),  

plant height (cm), stem diameter (mm), bud number (pieces 

per plant), the weight of fresh cut-flower (g) and vase life 

(day). The harvested flowers were first hydrated. The 

dewatered plants were transferred to vases.  They have two 

buds in all the flowers in the vase. Post-harvest vase life 

was measured daily, cut flowers placed in individual glass 

bottles with a capacity of 250 mL filled with pure water. 

Thereafter cut flowers were placed in a controlled 

environment at 21 ± 2°C, 60 ± 5% relative humidity with a 

cycle of 13 h of light and 11 h of darkness. Loss of the 

ornamental (aesthetic) values was evaluated as wilting and 

drying of petals (Byczyńska, 2019).  

Data analyzed with One-Way ANOVA for univariate 

experiments and set up according to the randomized plot 

trial design with three replications. Calculations were 

implemented using SPSS Statistics 17.0. A comparison of 

means and specification of homogeneous groups 

dependent on the Duncan test for α = 0.05. 

 

Results and Discussion  

 

Using 14 different bulb and flower parameters, this study 

examined the effect of AgNPs application on ‘Santander’ 

Lilium bulbs. Results showed that except for the bulb root 

length, there were no significant differences (P<0.05) among 

treatments. The 125 ppm AgNPs increased bulb root length 

by 26.54% compared to control (Table 1). 

The bulb weight varied from 16.1 to 17.68 g, the bulb 

circumference varied from 11.43 to 12.12 cm, the bulb size 

varied from 37.03 to 39.73 mm,  the stem root length of the 

bulb varied from 15.79 to 17.83 cm, the bulb root length 

varied from 11.65 to 15.21 cm, the wet weight of stem root 

varied from 13.15 to 15.83 g, the wet weight of bulb root 

varied from 0.92 to 1.73 g, the dry weight of stem root 

varied from 2.17 to 2.52 g, the dry weight of bulb root from 

0.13 to 0.29 g, the plant height varied from 75.83 to 79.57 

cm, the plant stem diameter varied from 5.47 to 5.74 mm, 

the fresh cut-flower weight varied from 63.13 to 75.34 g, 

the number of flower bud varied from 2.19 to 2.44, the vase 

life varied from 10.33 to 12.33 days (Table 1). 

The obtained results in our study were similar with 

other researchers working on these issues. Pallavi et al. 

(2016) revealed that Vigna sinensis plants sprayed with 50 

ppm AgNPs encouraged longer and heavier shots. 

B A 

C A B 
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Table 1. Effects of AgNPs concentrations on morphological characteristics of lily 

AgNPs (ppm) 
Bulb weight  

(g) 

Bulb 

circumference 

(cm) 

Bulb size 

(mm) 

Stem root length 

(cm) 

Bulb root length 

(cm) 

Fresh weight 

of stem root 

(g) 

Fresh weight 

of bulb root 

(g) 

0 16.10 ±3.63 11.43 ±1.32 38.69 ±0.41 16.64 ±1.69 12.02 ±0.97b 14.58 ±2.47 0.92 ±0.46 

50 17.68 ±1.85 12.12 ±0.59 39.04 ±0.2 15.79 ±1.15 11.65 ±1.86b 14.59 ±3.26 1.03 ±0.72 

75 17.00 ±1.34 11.67 ±0.3 39.06 ±1.35 17.83 ±0.82 14.75 ±0.9a 13.64 ±4.48 1.65 ±0.11 

100 16.37 ±0.79 12.01 ±1.2 38.68 ±0.5 16.55 ±1.81 11.88 ±1.62b 13.82 ±0.04 1.23 ±0.34 

125 16.35 ±2.35 11.68 ±0.96 37.03 ±0.97 17.71 ±0.55 15.21 ±0.75a 13.15 ±0.64 1.73 ±0.06 

150 16.54 ±2.62 11.69 ±0.86 39.73 ±3.08 17.77 ±1.26 13.01 ±1.43ab 15.83 ±1.11 1.25 ±0.23 

Significance 

coefficient 
0,961 0,950 0,383 0,334 0,021* 0,827 0,137 

AgNPs (ppm) 

A dry  

weight of 

stem root (g) 

A dry  

weight of bulb 

root (g) 

Plant height 

(cm) 

Plant stem 

diameter (mm) 

Fresh cut-flower 

weight (g) 

Number of a 

flower bud 

(per plant) 

Vase life 

(day) 

0 2.35 ±0.57 0.13 ±0.03 76.69 ±1.98 5.6 ±0.06 70.77 ±5.58 2.31 ±0.07 12.33 ±2.52 

50 2.34 ±0.89 0.29 ±0.22 77.86 ±2.46 5.74 ±0.17 75.34 ±5.49 2.44 ±0.27 10.67 ±2.89 

75 2.17 ±0.52 0.19 ±0.05 79.44 ±4.7 5.63 ±0.19 72.15 ±8.84 2.25 ±0.1 10.67 ±1.15 

100 2.36 ±0.22 0.17 ±0.03 79.57 ±1.9 5.63 ±0.29 72.76 ±4.28 2.19 ±0.22 12.33 ±3.21 

125 2.30 ±0.41 0.27 ±0.11 75.85 ±1.15 5.47 ±0.15 63.13 ±2.28 2.00 ±0 10.33 ±0.58 

150 2.52 ±0.28 0.17 ±0.02 75.83 ±2.19 5.66 ±0.27 70.24 ±5.25 2.28 ±0.25 11.33 ±1.15 

Significance 

coefficient 
0.981 0.317 0.351 0.723 0.230 0.161 0.772 

*: Statistically significant at P<0.05 level. ±: Standard deviation 

 

It has revealed that 60 ppm AgNPs application has a 

stimulating effect on the development and weight of 

Ocimum basilicum plant (Nematzadeh-Barondozi et al., 

2014). The stimulating impact of AgNPs on plant 

development also appeared in Cucumis sativus (Shams et 

al., 2013), Chrysanthemum morifolium (Tung et al. 2018), 

and Phaseolus vulgaris (Das et al. 2018). Feregrino et al. 

(2018) found that the impact of AgNPs on the growth and 

development of plants may be connected to the fact that 

silver-nanoparticles may enhance metabolic processes that 

lead to plant growth encouraging or restriction in general. 

Das et al. (2018) reported that nano-silver particles 

strengthen plant growth by developing the improvement of 

necessary macronutrients uptake by roots. Syu et al. (2014) 

found that with AgNPs application, Arabidopsis gene 

expression connected to metabolism and hormone 

signaling pathways and cell division. Barabanov et al. 

(2018) has reported that immersed seeds in AgNPs 

positively impacted root length in Pisum sativum. Same 

way, our study has been observed a positive effect on stems 

and bulb roots in AgNPs applications.  

AgNPs used in our study allowed us to achieve usually 

higher quality and quantity parameters than ones produced 

as the control. Higher quantity and quality parameters of 

lily yield may be thanks to improving effects of AgNPs on 

the growth of the plant. It needs to be better investigating 

the application of AgNPs and the mechanism of action in 

the diffusion of other ornamental bulbs. 

 

Conclusion 

 

As a result, it was concluded that soaking lily bulbs in 

AgNP increased the quality of growth, flowering, and bulb 

except for the vase life parameter compared to the control. 

In the light of these findings, AgNPs can be preferred as 

agents that can be used in growing ornamental bulb plants 

and may be very useful due to their unique properties. But 

in lily plants, considering the insufficiency, negative effect 

on vase life, and little-known effects on plants of AgNPs 

treatments, there are needed for more detailed studies with 

different treatment methods. Nevertheless, as their 

mechanisms of action are not fully understood, further 

detailed mycological, biochemical, and molecular studies 

in order to impact of nanosilver on plant health and stress 

are necessary. 
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