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Abstract  

The AgNPs have considerable industrial potential and are intensively studied with regard to their antibacterial 

properties. Using green synthesis, the nanoparticle surface can be coated with molecules that exhibit 

biologically significant properties. Increased use of nanoparticles enhances the risk of their release into the 

environment. However, there is still little known about the behaviour of AgNPs in the eco-environment. In this 

study, the effect of AgNPs prepared by green synthesis on germinated plants of maize was investigated. The 

effects on germination, basic growth and physiological parameters of the plant were monitored. AgNPs and 

silver nitrate were applied to maize seedlings (5 days in hydroponics system) at concentrations of 1 mg/L, 50 

mg/L, and 150 mg/L. Chlorophyll a and b content was determined. We found that the growth inhibition of the 

above-ground parts of plants was about 40 % and AgNPs and silver nitrate had a significant effect on 

photosynthetic pigments. Chlorophyll a and b content changed with time and concentration. 

Keywords: Green synthesis, electrochemistry, phytotoxicity, phyto-nanotechnology 

1. INTRODUCTION 

Nanoparticle research is one of the rapidly developing areas of nanotechnology [1]. The most studied 

nanoparticles are gold (37 %), silver (24 %), and zinc (10 %) nanoparticles (according to WOS analysis) [2]. 

Silver nanoparticles (AgNPs) are studied because of their antibacterial properties but also exhibit potential 

antitumor activity. In addition, ultra-stable silver nanoparticles of unique structure have been prepared [3]. In 

case of their industrial use, however, their possible release into the environment can be expected [4]. To date, 
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little is known about the effect of AgNPs on plants [5], although silver ions are commonly used to stimulate 

growth in explant cultures [6]. The effect of AgNPs on germination [7], morphological changes in maize 

seedlings [8], plant auxin hormones [9], crop yield and quality of wheat [10,11] were investigated. In addition, 

biosynthesis of nanoparticles by plants has also been observed [12], which may thus reduce the potential 

toxicity to the eukaryotic cell. These effects may vary depending on the size, shape and concentration of the 

nanoparticles and the age and species of the plant. In our previous work we studied the effects of AgNPs and 

Ag (I) ions on maize seedlings, we found that AgNPs are toxic to plants [13]. AgNPs are known to induce 

oxidative stress in eukaryotic cells, disrupt the organelle membranes, cause nucleic acid damage, affect 

photosystem I (PSI) and mitochondrial metabolism, including the respiratory chain. However, only a very 

limited number of publications have so far dealt with the interaction between higher plants and AgNPs. It is 

necessary to study the effects of AgNPs on morphological and physiological changes in plants. The aim of this 

work was to study the effect of different concentrations of AgNPs on maize (Zea mays) seedling chlorophyll 

content.  

2. MATERIAL AND METHODS 

Chemicals. Silver nitrate, methanol, NaCl, and other chemicals were purchased from Merck (USA) at a purity 

>99 %. All chemicals that we used for gel electrophoresis were purchased from VWR (Germany). All plastic 

materials used (tubes, tips) in this study were purchased from Eppendorf (Hamburg, Germany). Photometry: 

BS-300 chemical analyser from Mindray (China), cuvettes 5 x 6 x 30 mm, optical path 5 mm, a volume of 

reaction mixture in the cuvette 180‒500 μL. Photometric detector measuring at wavelengths: 340, 405, 450, 

510, 546, 578, 630, and 670 nm. Spectrophotometry: a UV/VIS UV-3100PC, VWR (USA) single-beam 

spectrophotometer was used to record the UV-VIS spectra. The VIS spectrum was measured every 2 nm in 

the range of 350‒700 nm in plastic cuvettes with an optical path of 1 cm. The Infinite F50 (Tecan, Switzerland) 

was used for measurement on a polystyrene microtiter plate (Gama Group a.s., Czech Republic). 

Electrochemical analysis of silver was performed by differential pulse voltammetry (DPV) method, 0.2 M 

acetate buffer (pH 5), scan from -0.1 to 0.6 V, polarization rate of 25 mV/s. (working carbon electrode, Metrohm. 

Switzerland). Surface morphology of the nanoparticles was investigated with field emission scanning electron 

microscopy (FESEM) using operating voltage of 10 kV in the SEM (Zeiss) instrument. Surface charging effect 

was minimized by coating the samples with gold on copper stubs with a coating instrument. Transmission 

electron microscope (TEM) and higher resolution TEM (JEOL) were determined on a copper stub with carbon 

glue and coated with gold before analysis.  

Preparation of AgNP., by green synthesis. Dried sage leaves (Salvia officinalis) were purchased (Valdemar 

Grešík ‒ Natura s.r.o., Czech Republic). The mixture was homogenized by milling to 1‒2 mm particles, then it 

was extracted and subsequently stirred in ultrapure water (80 °C, 60 min) at a ratio of 5 g DW/100 mL, v/w. 

The leachate was further centrifuged (30 min, 4000 g) and then mixed with 0.1 M AgNO3 (1:1). The solution 

was stirred on a magnetic stirrer (80 °C, 24 h). The particles were washed with methanol.  

Determination of chlorophyll content. Zea mays seeds of the Silen variety were watered with tap water (250 

mL, conductivity 485 µS/cm, pH 6.6, 25 °C) and germinated. For the experiment, 7-day-old maize seedlings 

were selected. The seedlings were then placed into a hydroponic system with 3 litres of cultivation solution. 

Distilled water was chosen as a negative control. Ag (I) ions (from silver nitrate) and AgNPs were applied at 

concentrations of 1, 50, and 150 mg/L. During 5 days of cultivation physiological and morphological 

examination of plants (every 24 hrs) was performed. For sample preparation, leaf parts of plants from each 

day smashed in mortar with acetone and sea sand. After smashing the samples were transferred into 2 ml 

tubes. This tubes were put into ultrasonic for 10 minutes, multi-rotator for 10 minutes and centrifuged for 10 

minutes at 11 000 g. Chlorophylls and carotenoids contents were measured as described in [14]. Briefly, 

chlorophylls and carotenoids were extracted from plant leaves with acetone. Absorbance of the extracts was 
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measured using a spectrophotometer. Contents of chlorophyll a (Ca), chlorophyll b (Cb), and carotenoids (Cx+c) 

were calculated using the formula described in [14]. According to spectrophotometer results Ca, Cb and Cx+c 

values were calculated according to the following formulas: 

Ca = 12 x A663 - 2.69 x A645                                                                                                                                                          (1) 

Cb = 22.9 x A645 - 4.68 x A663                                                                                                                                                      (2) 

Cx+c = 4.968 x A440 - 0.268 x (Ca + Cb)                                                                                   (3) 

Statistical data analysis. Experimental work was performed in at least three independent experiments. Each 

sample in the experiments was analysed at least five times. The obtained data presented in this paper are the 

average values. All the obtained data were stored in the Qinslab database (Prevention Medicals, Czech 

Republic). If possible, data were processed and evaluated mathematically and statistically in the Qinslab 

database. The results were expressed as mean ± standard deviation (SD). Photos were processed by the 

ColorTest program, which assigns an intensity to the individual pixels of the studied image in a given color 

area [19].  

3. RESULTS AND DISCUSSION 

Changes in physiological parameters of plants exposed to AgNPs  

The plants were cultivated in a hydroponic experiment (see in Material and Methods part). The experiment 

was checked twice a day and samples were taken each day in the morning. Basic physiological parameters 

were measured. The length of the longest root was measured for each sample. After 120 hours of cultivation, 

the mean leaf length values were calculated: untreated control 3.33 cm, plants treated with AgNPs 4.00 cm 

and plants treated with Ag (I) ions 2.88 cm. The length of the longest leaf was 23.2, 27.0 and 15.4 cm, 

respectively. The length of the shortest leaf was 6.0, 5.8 and 7.2 cm, respectively (there were no statistical 

differences).   

 
Figure 1 Average cumulative changes (concentrations: 1, 50, 150 mg/L) in the effect of AgNPs and Ag (I) 

ions on the fifth day of experiment A) fresh weight of leaves; (B) fresh weight of roots. Other experimental 

details see in Material and Methods part. 

Results of the fresh weight of leaves and roots after 120 hours of cultivation are shown in Figure 1. The mean 

fresh weight values of leaves were calculated: untreated control 0.39 g, plants treated with AgNPs 0.60 g and 

plants treated with Ag(I) ions 0.16 g (statistically significant differences). The total number of roots was on 

average: untreated control 11.3, plants treated with AgNPs 12.6 and plants treated with Ag(I) ions 11.7. The 
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shortest roots were on average 1.9, 1.9 and 1.6 cm long, respectively. The longest roots were 26.0, 34.9 and 

21.9 cm long, respectively. Mean fresh weight of roots was 0.58, 0.78 and 0.38 g, respectively (Figure 1). 

After administration of AgNPs, plants showed a gradual leaf tip drying and a slight change in leaf and root 

colour. A significant change in plant growth parameters (growth reduction of about 40 %) was observed. There 

was a change in root biomass, but the number of roots remained unchanged. Compared to control, statistically 

significant differences were found in all studied variants at 95 % significance level. The expected effects of 

AgNPs phytotoxicity are, in addition to those on the nucleus and mitochondria, also on chloroplasts and thus 

also on the number of photosynthetic dyes. Figure 2 shows typical chlorophyll spectra after treatment with 

AgNPs or Ag (I) ions.  The records are similar and will be further studied in greater detail.  

 

Figure 2 Typical spectra of Z. mays leaf extracts for the determination of chlorophylls and carotenoids after 

120 hours of the experiment using 0 (A) and 150 mg/L AgNPs (B) or Ag (I) ions (C). Other experimental 

details see in Material and Methods part 

Furthermore, the amounts of chlorophyll a, chlorophyll b, carotenes and xanthophylls were calculated (see 

Material and Methods part). The results are shown in Figure 3. We found that the amount of photosynthetic 

dyes was the following: chlorophyll a untreated control 35 mg/g of leaf (FW), plants treated with AgNPs 45 

mg/g of leaf, and plants treated with Ag (I) ions 30 mg/g of leaf. The increase in the amout of photosynthetic 

dyes by more than 20 % in the presence of AgNPs is likely caused by plant defensive reactions due to 

increased oxidative stress. However, this possible link should be further studied [15]. Amount of chlorophyll b 

was the following: untreated control: 18 mg/g of leaf, plants treated with AgNPs 25 mg/g of leaf, and plants 

treated with Ag (I) ions 15 mg/g of leaf. Amount of carotens was the following: untreated control: 3 mg/g of leaf, 

plants treated with AgNPs 5 mg/g of leaf, and plants treated with Ag (I) ions 2.5 mg/g of leaf. A statistically 

significant difference compared with control was found in all studied variants at 95 % significance level.  

 
Figure 3 The average content of chlorophyll a (A), chlorophyll b (B) and carotenoids  

(C). Other experimental details see in Material and Methods part. 
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4. CONCLUSION 

Silver nanoparticles were synthesized from the sage leaves using green synthesis. AgNPs were biophysically 

characterized and their phytotoxicity was tested in germinated plants of maize. AgNPs were chemically stable 

over the course of the experiment and showed the effect on the germinated plants in most of the analysed 

morphological parameters. We studied the effects of AgNPs and Ag (I) ions on changes in chlorophyll levels. 

We found differences between chlorophyll levels in plants treated with AgNPs, in which the chlorophyll content 

was slightly increased and Ag (I) ions, in which the chlorophyll content was slightly decreased. The data 

obtained from the project are very interesting and will be further studied in detail. 
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