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ABSTRACT 

To check the impact of biosynthetic agglomerate form of AgNPs on plant growth, 

synthesised AgNPs was characterized by using UV- Visible spectroscopy. Antifungal assay 

was performed by poisoned food method and plant growth was evaluated by using shoot 

length (cm), Leaves (no./plant), shoot dry wt./plant (g), % seed germination and 

photosynthetic properties.AgNPs exhibit absorption spectra at 420 nm and showed antifungal 

activity against A. niger and F. oxysporium. Significant positive effect was found over 

Gossypium hirsutum.The biosynthesised AgNPs exert significant antifungal activity against 

F. oxysporium. AgNPs show positive effect over shoot length (cm), Leaves (no. /plant), shoot 

dry wt./plant (g), % seed germination and photosynthetic properties of both plants. The 

produced AgNPs was in agglomerate form and low in concentration, so they were safe for 

plant and environment.  

Key words:Green synthesis of silver nanoparticles, Antifungal activity, plant growth 

promotion activity. 

1. INTRODUCTION 

Silver was an ancient element used in the treatment of infections
[1]

 The first use of silver as 

medicine was reported in 5000 B.C. by Caraka. The use of silver was traced back in 18
th

 

century after its use in ulcer treatment [2]. This silver showed its inhibitory action as in ionic 

or nanoparticle form. The silver exhibit its activity by 3 possible mechanisms as making a 

puncture in cell membrane, by generating reactive oxygen species and by disturbing DNA 

replication cycle. [3]Because of its antimicrobial property the silver was widely used in 

agriculture and medical sector to inhibit the growth of harmful microorganisms. In the last 

decade the 5000 new applications of silver containing material was investigated and most of 

them were nanoparticles based. [4] The production of silver nanoparticles was mainly carried 
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out by using chemical and physical methods, which make a large amount of hazardous by 

products and hence are the major concern for environmental contamination. The used 

techniques are expensive and inadequate to produce it. Hence alternative green, eco friendly 

tools are required to fulfil the demand. [5]The microbes are found as to be an effective tool 

for production of nanoparticles. The microbe secreted an extracellular protein, convert 

elemental form of metal into its nano form and these extra cellular synthesised nanoparticles 

were found as to be effective as nanoparticles synthesised by other methods. [6] 

In this work, we useda simple and eco friendly method for extracellular biosynthesis of silver 

nanoparticles. Pseudomonas species isolated from Gossypium hirsutum rhizosphere, were 

screened for its silver reduction property and the isolate which exhibit, was further identified 

as per morphological, biochemical and 16S rRNA gene sequencing.An isolate Pseudomonas 

fluorescenceAJ B2produced AgNPs was initially confirmed by UV Visible spectroscopy. The 

effect of produced AgNPS was evaluated against two plant pathogenic fungi A. niger and F. 

oxysporium. The consortium-based plant growth promotion activity was checked against 

Gossypium hirsutum and Vigna radiata plant, it was found to be significant in presences of 

AgNPs.   

2. MATERIALS AND METHODS 

2.1 Isolation of Pseudomonas species 

Serial dilution of soil samples were carried out and an appropriate dilution 10 -2 (0.5 ml) was 

spread over Nutrient agar plates. [7] The plates were incubated at 37
0
C for 24 hours.The 

grown isolates were studied for its cultural and morphological characterization and only 

Gram negative, aerobic, motile rods were transferred over King’s B agar medium for further 

study [8,9] The isolates were further characterized by using 16S rRNA gene sequencing. The 

genomic DNA was isolated and amplified by using 16S universal primers F: 5’ AGA GTT 

TGA TCC TGG CTC AG 3’ and R: 5’ AAG GAG GTG ATC CAG CCG CA 3’.  

2.2 Screening of isolates for AgNPs synthesis 

The isolates were screened for extra cellular biosynthesis of silver nano particles production. 

For screening purpose the isolates were inoculated in king’s B medium and incubated at 150 

rpm, 37
0
C for 48 hours. After incubation the broth was centrifuged at 8000 rpm for 10 

minutes. The 2 ml supernatant was added in 1 ml (1mM) Silver nitrate (AgNO3) solution. 

The mixture was incubated at 30
0
C for 24 hours and analysed by UV Visible spectroscopy 

for primary confirmation. [10] 
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2.3 Characterization of AgNPs 

For primary confirmation of AgNPs broth was scanned from 200 to 650 nm to determine its 

absorption maxima which primary confirms the presences of silver nanoparticles in broth 

solution.[11] 

2.4 Antifungal activity of AgNPs 

The antifungal activity of metabolites was carried out by poisoned food method. [13] In 

sterilized soft molten PD agar tubes 1 ml testing compound was added and molten tubes were 

poured in empty sterilized perti plates. The plates were allowed to solidify. 1x10
6 

spore/ml 

fungal spore containing suspension was used for the antifungal assay. A loopful culture was 

placed over the agar plates and plates were incubated at 30
0
C for 48 hours. After 48 hours 

growth was measured, and inhibition was calculated by formula: 

Antifungal activity (%) = [(Dc-Ds)/Dc] x 100 

Dc= Diameter of fungi in control plate, Ds= Diameter of fungi in sample plate 

2.5 Plant Growth Promotion activity 

The surface sterilization of Gossypium hirsutum seeds was carried out as[14] following, 

Initially Bt Gossypium hirsutum seeds were added in 5 ml concentrated Sulphuric acid 

(H2SO4) for 30 -60 seconds. After incubation the seeds were washed for 2 – 3 times with 500 

ml distilled water, followed by running tap water for 2 hours. Then seeds were treated with 

100 ml 70% ethanol and 1 ml Tween 20 mixture for 1 minute and washed with sterile 

distilled water for 2 – 3 times and flooded by 10% bleach for 2 minutes. Again rewashed the 

seeds with sterilized distilled water 2 – 3 times and overnight soaked the seeds in sterilized 

distilled water. The seeds soaked in sterilized distilled water were considered as control. Such 

soaked Bt Gossypium hirsutum seeds was used for pot assay.[15] while the surface 

sterilization of Vigana radiata was carried out by using 70% ethanol with repeated washing 

by sterilized distilled water. [16]Approximately 1000 gm of soil was added in every pot and 

labeled them accordingly. In each pot 3 seeds were added and kept them in a room with 

moderate sunlight. With 1 day interval approximately 20 ml distilled water was added in 

every pot. The seeds were observed initially for germination and periodically analyzed for 

root-shoot length, photosynthetic pigments and dry mass of plant. [17,18,19] 

3. RESULTS   

3.1 Isolation and characterization of AgNPs producing Pseudomonas species 
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Out of 20 isolates only 2 isolates were able to synthesize AgNPs, hence were selected and 

identified asPseudomonas fluorescence by usingBergey’s Manual of Systematic 

Bacteriology.Out of two only one strain Pseudomonas fluorescence AJ B 2 showed 

significant activity, this was used for further study. (NCBI Accession no.MG230469). [20] 

3.2 Characterization of AgNPs 

The broth was scanned from 200 to 650 nm to determine its absorption maxima and it was 

recorded at near to 420 nm.[21] The impurities may change the absorption maxima. The 

absorption maxima primary confirms the presences of silver nanoparticles in broth 

solution.[22,23] 

3.4 Antifungal activity of AgNPs 

 

Figure 1: Antifungal activity of Pseudomonas fluorescence 

Table 1: Antifungal activity of AgNPs 

Sr. No. Incubation 

Fusarium oxysporium 

Control = 4.5cm 

Aspergillus niger           

control = 8.5 cm 

% of inhibition % of inhibition 

1 AgNPs after 24 Hrs 100 ± 0 68.2 ± 1.2 

2 AgNPs after 48 Hrs 83.3 ± 0 .7 60.9 ± 1.6 

3 AgNPs after 72 Hrs 31.6 ± 1.1 54.9 ± 1.9 

The effect of AgNPs was evaluated against F. oxysporium and A. niger. The combination 

showed high activity (Avg.71.66%) against F. oxysporiumand low activity (Avg.61.39%) 

against A. niger. (Fig. 1, Table 1) 

3.5 Plant Growth Promotion activity 

The seed germination and plant growth promotion activity of AgNPs was evaluated against 

Gossypium hirsutum and Vigna radiata. AgNPs exert effect over Vigna radiataseed 

germination as compared to Gossypium hirsutum (Table 2 &3).after exposure of AgNPs a 

slight deviation in chlorophyll pigmentation was found. (Table 4 & 5) 
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Table 2: Effect of AgNPs on Gossypium hirsutum seed germination and growth 

AgNPs 

(mg/l) 

Shoot length 

(cm) 

Leaves 

(no./plant) 

Shoot dry wt./plant 

(g) 

% Seed 

germination 

10 days 12 4 0.95 100 

20 days 25.33 10.33 1.32 100 

30 days 32.33 12.5 2.88 100 

40 days 40.33 15.00 3.26 100 

sd ± 12.0 ± 4.79 ± 1.13 ± 0 

Control 10 3 0.76 80 

 

Table 3: Effect of AgNPs on Vigna radiata germination and growth 

AgNPs 

(mg/l) 

Shoot length 

(cm) 

Leaves 

(no./plant) 

Shoot dry wt./plant 

(g) 

% Seed 

germination 

10 days 8.00 3 0.47 80 

20 days 14.12 5.7 0.98 100 

30 days 18.1 6.8 1.64 100 

40 days 20.33 7.4 2.06 100 

Sd ± 5.4 ± 1.94 ± 0.70 ± 10 

Control 6.5 2 0.35 75 

 

Table 4: Effect of AgNPs on photosynthetic pigments of Vigna radiata 

AgNPs (mg/l) Chl a Chl b Carotenoids Total pigments 

10 days 1.169 0.56 0.34 2.069 

20 days 1.152 0.608 0.357 2.117 

30 days 1.251 0.55 0.389 2.19 

40 days 1.241 0.568 0.398 2.207 

sd ± 0.1 ± 0.03 ± 0.03 ± 0.1 

Control 1.145 0.54 0.22 1.715 

 

Table 5: Effect of AgNPs on photosynthetic pigments of Gossypium hirsutum 

AgNPs (mg/l) Chl a Chl b Carotenoids Total pigments 

10 days 1.29 0.66 0.361 2.311 

20 days 1.352 0.72 0.392 2.464 

30 days 1.351 0.747 0.352 2.45 

40 days 1.241 0.724 0.368 2.333 

sd ± 0.1 ± 0.04 ± 0.02 ± 0.1 

Control 1.089 0.442 0.28 1.811 
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4. DISCUSSION 

This current study was based over the impact of biosynthesised AgNPs on Gossypium 

hirsutum and Vigna radiata. AgNPs showed significant positive effect over seed germination 

of Bt cotton plant. 

The isolate was screened for extracellular AgNPs synthesis and characterized. [24] The 

change in medium color and maximum absorption spectra at 420 nm was related with 

extracellular AgNPs synthesis and previously reported for another Pseudomonas[26,27] 

Reports on the antifungal mechanism of AgNPs have shown the effect of Ag on DNA 

replication, cellular proteins and electron transport chain of mitochondria. [28] while the 

antimicrobial activity of AgNPs as inactivation of sulfhydryl groups in the fungal cell wall 

and disruption of membrane-bound enzymes and lipids resulting in lysis of cell was also 

oberved.[29] Our finding also highlights the antifungal activity of AgNPs and showed 

significant effect over F. oxysporium as compared to A. niger. The similar result for AgNPs 

was also reported by Villamizar [30] and postulate about resistivity of AgNPs that, 

Aspergillus may produce polyketides (PKs), ribosomal and nonribosomal peptides (NRPs), 

and terpenoids which may interfere the results. 

Positive significant change in shoot length (cm), Leaves (no. /plant), shoot dry wt./plant (g), 

% seed germination and photosynthetic properties was observed when compared with 

control. Similar, results were also found[31,32] with change in photosynthetic properties 

because of alterations in nitrogen metabolism. Qian [33]over his work Arabidopsis thaliana 

suggests that the concentration of AgNP’s more than 3mg/Litre may induce apoptosis process 

in it, while the review of Tripathi et al. 2017 conclude that lower sized AgNP’s(10 -50 nm) 

have higher toxic effects than high sized AgNP’s. In this study the produced AgNP’s have 

size > 100 nm and concentration was less than 3mg/L, showed good effect in direct plant 

growth promotion, plant pathogen growth inhibition and safe for environment. 

5. CONCLUSION 

The present work demonstrated the effect of silver nanoparticles on cotton and Mung plant. 

The biosynthesised AgNPs exert significant antifungal activity against F. oxysporium. The 

produced AgNPs show positive effect over shoot length (cm), Leaves (no. /plant), shoot dry 

wt./plant (g), % seed germination and photosynthetic properties of both plants. The produced 
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AgNPs was in agglomerate form and low in concentration it can be conclude that it was safe 

for plant and environment. 

6. ACKNOWLEDGEMENT  

The author is grateful to the Rohan Pandya for his help over research designing. 

7. CONFLICT OF INTEREST 

No conflict of interest. 

8. REFERENCES 

1. Yamanaka M, Hara K and Kudo J. Bactericidal actions of a silver ion solution on 

Escherichia coli, studied by energy‐filtering transmission electron microscopy and 

proteomic analysis. Appl Environ Microbiol. 2005;71:7589–93. 

2. Lamsal K, Kim SW, Jung JH, Kim YS, Kim KS, Lee YS. Application of silver 

nanoparticles for the control of Colletotrichum species in vitro and pepper anthracnose 

disease in field. Mycobio. 2011;39(3):194–99.  

3. Arora P , Mehta C , Srivastava R , Arora S, Sharma A. Impact assessment of silver 

nanoparticles on plant growth and soil bacterial diversity. 3 Biotech 2016;6(2): 1-10  

4. Ng CT, Li JJ, Bay BH, Yung LY. Current studies into the genotoxic effects of 

nanomaterials. J. Nucleic Acids. 2010;2010:947859  

5. Yan A, Chen Z. Impacts of Silver Nanoparticles on Plants: A Focus on the Phytotoxicity 

and Underlying Mechanism. Int J Mol Sci. 2019;20(5):1003. 

6. [6] Sharma, S, & Kaur M. Antimicrobial activities of rhizobacterial strains of 

Pseudomonas and Bacillus strains isolated from rhizosphere soil of carnation (Dianthus 

caryophyllus cv. Sunrise). Indian J Microbiol. 2010;50(2):229–32. 

7. Aneja. K. R., Experiments in Microbiology Plant Pathology and Biotechnology, 1996; 

4th Ed. New age International (p) Limited Publisher, New Delhi, India. 

8. Hu HY, Liu XX, Zhao ZW, Sun JG, Zhang QW, Liu XZ, Yu Y. Effects of repeated 

cultivation of transgenic Bt cotton on functional bacterial populations in rhizosphere soil. 

World  J Microbiol Biotechnol. 2009;25(3): 357–66.  

9. Clarridge JE 3
rd

 Impact of 16S rRNA gene sequence analysis for identification of 

bacteria on clinical microbiology and infectious diseases. Clin Microbiol Rev. 

2004;17(4):840–862.  

Proceedings of the National Conference on Innovations in Biological Sciences (NCIBS), January 10, 2020 
ISBN: 978-93-5407-322-9

Electronic copy available at: https://ssrn.com/abstract=3582387



589 

 

10. Deepak V, Kalishwaralal K, Pandian SRK, Gurunathan S. An Insight into the Bacterial 

Biogenesis of Silver Nanoparticles, Industrial Production and Scale-up. In: Rai M., 

Duran N. (eds) Metal Nanoparticles in Microbiology (2011). Springer, Berlin, 

Heidelberg 

11. MacCuspie RI, Allen AJ, Martin MN Just add water: reproducible singly dispersed silver 

nanoparticle suspensions on-demand. J. Nanopart Res. 2013;15:1760  

12. Saifuddin N, Wong CW, Yasumira AAN Rapid Biosynthesis of Silver Nanoparticles 

Using Culture Supernatant of Bacteria with Microwave Irradiation. J Chem. 2009;6: 61-

70.  

13. Singh H, Du J, Singh P, Yi THExtracellular synthesis of silver nanoparticles by 

Pseudomonas sp. THG-LS1.4 and their antimicrobial application, J Pharm Anal. 2018; 

8(4):258-64. 

14. Anand R, Kulothungan, S. Silver mediated bacterial nanoparticles as seed dressing 

against crown rot pathogen of groundnut.Arch Appl Sci Res. 2014;6(4): 109–13. 

15. Reddy MVB, Angers P, Gosselin A, Arul J. Characterization and use of essential oil 

from Thymus vulgaris against Botrytis cinerea and Rhizopus stolonifer in strawberry 

fruits. Phytochem. 1998;47:1515−20.  

16. Watts JE, Devilliers OT, Watts L. Sterilization of wheat seeds for tissue culture 

purposes. S Afr J Bot. 1993;59(6):641–2. 

17. Yannawar V. Soil analysis and its environmental impact on Nanded city, Maharashtra. 

Research Front. 2013;1:73-80. 

18. Kumar V, Gera R. Isolation of a multi-trait plant growth promoting Brevundimonas sp. 

and its effect on the growth of Bt-cotton. 3 Biotech 2014;4(1): 97–101.  

19. Mazumdar H. The Impact of Silver Nanoparticles on Plant Biomass and Chlorophyll 

Content. Research Inventy: Int J Eng Sci. 2014;4:12-20. 

20. Joshi A, Chitanand M. Metabolic Diversity of Rhizospheric Pseudomonas species of Bt 

Cotton Plant. J Pure Appl Microbiol. (2018);12:1929-37.  

21. Silambarasan S, Abraham J. Biosynthesis of silver nanoparticles using Pseudomonas 

fluorescens. Res J Biotechnol. 2013;8:3   

22. John MS, Nagoth JA, Ramasamy KP, Mancini A. Giuli G, Natalello A, et al. Synthesis 

of Bioactive Silver Nanoparticles by a Pseudomonas Strain Associated with the 

Antarctic Psychrophilic Protozoon Euplotes focardii. Mar Drugs 2020,18(1),38; 

https://doi.org/10.3390/md18010038 

Proceedings of the National Conference on Innovations in Biological Sciences (NCIBS), January 10, 2020 
ISBN: 978-93-5407-322-9

Electronic copy available at: https://ssrn.com/abstract=3582387



590 

 

23. Gowthami A, Ayyachamy V, Sankari T, Moin S. Bioreduction of silver nanoparticles 

characterizations and their antimicrobial activity. Int J Adv Sci Res. 2017; 3:18.  

24. Das R, Nath SS, Chakdar D, Gope G, Bhattacharjee R. Preparation of silver 

nanoparticles and their characterization. J Nanotechnol. 2009;5:1–6 

25. Baker S, Nagendra PMN, Dhananjaya BL, Mohan Kumar K, Yallappa S, Satish S. 

Synthesis of silver nanoparticles by endosymbiont Pseudomonas fluorescens CA 417 

and their bactericidal activity, Enzyme Microb Technol. 2016;95:128-36 

26. Kim SW, Jung JH, Lamsal K, Kim YS, Min JS, Lee YS. Antifungal Effects of Silver 

Nanoparticles (AgNPs) against Various Plant Pathogenic Fungi. Mycobio.2012;40(1): 

53–58.  

27. Kholoud A, Refaee W, Al-Qodah Z. Antifungal Effect of Silver Nanoparticles on 

Selected Fungi Isolated from Raw and Waste Water. Indian J Pharm Sci. 2017;79(4): 

559-67 

28. Villamizar-Gallardo R, Cruz JFO, Ortíz-Rodriguez OO. Fungicidal effect of silver 

nanoparticles on toxigenic fungi in cocoa. Pesqui Agropecu Bras. 2016; 51(12):  1929-

36 

29. Farghaly FA, Nafady NA Green synthesis of silver nanoparticles using leaf extract of 

Rosmarinus officinalis and its effect on Tomato and wheat plants. J Agric Sci. 

2015;7(11):277-87   

30. Latif HH, Ghareib M, Abu Tahon M Phytosynthesis of silver nanoparticles using leaf 

extracts from Ocimum basilicum and Mangifira indica and their effect on some 

biochemical attributes of Triticum aestivum Gesunde Pflanzen 2017;69:39–46.  

31. Qian H, Peng X, Han X, Ren J, Sun L, Fu Z. Comparison of the toxicity of silver 

nanoparticles and silver ions on the growth of terrestrial plant model Arabidopsis 

thaliana. J Environ Sci. 2013;25:1947–56.  

32. Grün AY, App CB, Breidenbach A, Meier J, Metreveli G, et al. Effects of low dose 

silver nanoparticle treatment on the structure and community composition of bacterial 

freshwater biofilms. PLOS ONE 2018;13(6):e0199132 

33. Tripathi DK, Tripathi, A, Singh S, Singh, Y, Vishwakarma K, Chauhan DK. Uptake, 

Accumulation and Toxicity of Silver Nanoparticle in Autotrophic Plants, and 

Heterotrophic Microbes: A Concentric Review. Front Microbiol. 2017;8:07. 

doi:10.3389/fmicb.2017.00007 

Proceedings of the National Conference on Innovations in Biological Sciences (NCIBS), January 10, 2020 
ISBN: 978-93-5407-322-9

Electronic copy available at: https://ssrn.com/abstract=3582387




