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ABSTRACT 

Fusarium wilt is causes 10-50 % crop loss every year. A wide range of chemical fungicides are used to 
control wilt and it has become a serious problem for the human health. Biofungicides may be a 
potential alternative but these have been observed to have slow and least effects on field. In order to 
find more alternatives, use of nanoparticles as fungicide is increasing and has been shown as an 
alternative solution to control plant pathogens. This review is contributed towards exploring the 
possible aspects of silver nanoparticles as a potential fungicide against Fusarium wilt. 
Keywords: Fusarium, silver nanoparticles, biogenic synthesis, nanopesticides, wilt disease.  
 

INTRODUCTION 

In India more than 60% of the population relies on crops for their livelihood. However, crop 
pathogens are one of the major limiting factors for crop production. Control of plant diseases is the 
most challenging aspect of crop production. Among all microorganisms causing diseases in plants, 
fungi cause a significantly higher percentage of diseases in agricultural field (Gilligan, 2007). 
Wilt caused by Fusarium oxysporum is a deadly vascular wilting syndrome in many plants from 
different family (Table 1). It is a common fungal disease on many crops and it is spotted on tomato, 
potato, dragon fruit, watermelon plants and other cucurbits, and so forth (Gordon, 2017).  On a rough 
estimate, Fusarium wilt causes 10-50% crop loss every year (Mace, 2012). Most F. oxysporum strains 
lives as saprophyte on organic substrates. However, some strains cause root rots and wilt diseases. 
Other F. oxysporum strains are effectively used as biocontrol agents. F. oxysporum is a very complex 
group, divided into Formae species and physiological races depending on their pathogenicity towards 
particular plant species or cultivars (Fravel et al., 2003). F. oxysporum produces chlamydospores, 
macroconidia and microconidia (Ohara et al., 2010).  
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Table 1. List of Fusarium oxysporum causing wilt disease in different plants. 

Fusarium oxysporum formae-species Affected crop Reference 

Fusarium oxysporum batatas Sweet potato Smith and Snyder, 1975 

Fusarium oxysporum cubense Banana Ploetz, 1990 
Fusarium oxysporum lycopersici Tomato Jacobs et al., 2013 

Fusarium oxysporum  melonis Muskmelon and 
cantaloupe 

Schmidt et al., 2016 

Fusarium oxysporum pisi Pea Hepple, 1963 

 
Now days, the use of commercially available fungicides for phytopathogenic fungi has been increased 
and it has become a serious problem for the human health (Carmona-Hernandez et al., 2019). 
Biofungicides may be a potential alternative but these have been observed to have slow and least 
effects on field. In order to find more alternatives, use of nanoparticles as fungicide is increasing and 
has been shown as an alternative solution to control plant pathogens (Sharma et al., 2017). Currently, 
the treatment of crops using chemical fungicides before planting is the common used method to 
protect tomato and other plants from F. oxysporum infection. The application of chemical fungicides 
shows adverse effects on other living organisms including the useful soil microorganisms (Akbar et 
al., 2009). The antifungal effects of silver nanoparticles were measured against eighteen plant 
pathogenic fungi including genera of Alternaria, Botrytis, Cladosporium, Corynespora, Cylindrocarpon, 
Fusarium, Pythium, Stemphylium (Kim et al., 2012). 
 
NANOTECHNOLOGY 

Novel applications of nanoparticles are growing rapidly on various fields due to their completely 
new or effective properties, based on their size, distribution and morphology. It is showing 
renovation in a large number of fields such as health care, beauty products, food and fooder, drug-
gene delivery, environment, health, mechanics, optics, chemical industries, electronics, space 
industries, energy science, catalysis, light emitters, single electron transistors, nonlinear optical 
devices and photo-electrochemical applications (Salata, 2004). Among the all noble nanoparticles, 
silver nanoparticles has gained boundless interests because of their unique properties such as 
chemical stability, good conductivity, catalytic and most important antibacterial, anti-viral, antifungal 
in addition to anti-inflammatory activities which can be incorporated into composite fibres, cryogenic 
superconducting materials, cosmetic products, food industry and electronic components (Ahmed et 
al., 2016). Biomedical applications such as wound dressings, topical creams, antiseptic sprays and 
fabrics, silver functions’ as an antiseptic and display a broad biocides effect against microorganisms 
through the disruption of their unicellular membrane thus disturbing their enzymatic activities. These 
silver nanoparticles are being successfully used in the cancer diagnosis and treatment as well (Zhang 
et al., 2016). Synthesis of silver nanoparticles is the most valuable for scientific community because of 
their wide range of applications. The silver has been known for its natural antibacterial and 
antifungal properties over 100 years (Prabhu and Poulose, 2012). According to Dakal et al. (2016) 
silver nanoparticles are very reactive and inhibit microbe’s respiration and their metabolism; 
suppresses electron transfer systems and transport of substrates in the microbial cell membrane as 
they cause physical damage. However attention is currently focused on plant mediated nanoparticles 
due to harmful effects of nanoparticles in plant protection.  
SYNTHESIS AND CHARACTERIZATION OF BIOGENIC SILVER NANOPARTICLES 

Leela and Vivekanandan (2008) reported, tapping the unexploited plant resources for the synthesis of 
silver nanoparticles. The bioreduction behaviour of various plant leaf extracts such as Helianthus 
annus, Basella alba, Oryza sativa, Saccharum officinarum, Sorghum bicolour and Zea mays in the synthesis 
of silver nanoparticles was investigated employing UV/Visible Spectrum (UV-Vis), X-Ray Diffraction 
(XRD) and Scanning Electron Microscopy (SEM). Shankar et al., (2008) reported geranium leaf 
assisted biosynthesis of silver nanoparticles.  The aqueous solution silver nitrate mixed with 
geranium leaf extract; give the rapid reduction of the silver ions. That’s leading to the formation of 
highly stable, crystalline silver nanoparticles in solution.  
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Mude et al., (2008) reported the first report of synthesis of silver nanoparticles by using callus extract 
of Carica papaya. Bar et al., (2009) reported green synthesis of silver nanoparticles using seed extract of 
Jatropha curcas. Raut et al., (2010) reported extracellular synthesis of Silver Nanoparticles using dried 
leaves of Pongamia pinnata (L) Pierre. Stable and crystalline silver nanoparticles were formed by the 
treatment of aqueous solution of AgNO3 (mM) with leaf extract of Pongamia pinnata (L) Pierre. 
Singhal et al., (2010) reported biosynthesis of silver nanoparticles using Ocimum sanctum (Tulsi) leaf 
extract and screening its antimicrobial activity. Ankanna et al., (2010) reported production of biogenic 
silver nanoparticles using Boswellia ovalifoliolata stem bark. Rajani et al., (2010) reported fabrication of 
biogenic Silver Nanoparticles using agricultural crop plant leaf extracts of Vigna radiata, Arachis 
hypogaea, Cyamopsis tetragonolobus, Zea mays, Pennisetum glaucum, Sorghum vulgare. Dubey et al., (2010) 
reported green synthesis and characterizations of silver and gold nanoparticles using leaf extract of 
Rosa rugosa. Rajasekharreddy et al., (2010) reported qualitative assessment of silver and gold 
nanoparticle synthesis by leave extract of the plants, Tridax procumbens L., Jatropa curcas L., Calotropis 
gigantean L., Solanum melongena L., Datura metel L., Carica papaya L. and Citrus aurantium L. by the 
sunlight exposure method. Among these T. procumbens, J. curcas and C. gigantean plants synthesized 
<20 nm sized and spherical-shaped Ag particles. Geethalakshmi and Sarada (2010) reported synthesis 
of plant-mediated silver nanoparticles using Trianthema decandra extract and evaluation of their anti 
microbial activities. Zhang et al., (2010) reported synergetic antibacterial effects of silver nanoparticles 
synthesized by Aloe vera exract. Vaseeharan et al., (2010) reported antibacterial activity of silver 
nanoparticles (AgNPs) synthesized by tea leaf extracts. Konwarh et al., (2011) reported biomimetic 
preparation of polymer- supported free radical scavenging, cytocompatible and antimicrobial green 
silver nanoparticles using aqueous extract of Citrus sinensis peel. Bankar et al., (2010) reported banana 
peel extract mediated novel route for the synthesis of silver nanoparticles. Bio- inspired silver 
nanoparticles were synthesized with the aid of a novel, non-toxic, eco-friendly biological material 
namely, banana peel extract (BPE). Zahir et al (2012) synthesis of Silver nanoparticles (Ag NPs) by 
using aqueous leaves extracts of Euphorbia prostrata. 
ANTIFUNGAL EFFECT OF SILVER NANOPARTICLES AGAINST FUSARIUM: 

Kim et al., (2012) examined the potential antifungal activity of silver nanoparticles (3, 5, 8 and 10 nm) 
on Fusarium oxysporum f. sp. lycopersici (FOL) isolates. Results also showed that the most significant 
inhibition of plant pathogenic fungi was observed on PDA and 50 ppm of silver nanoparticles. 
Alananbeh et al., (2017) studied antifungal effect of silver nanoparticles on selected fungi isolated 
from raw and waste water and concluded that it is possible to use silver nanoparticles as antifungal 
substances. Ruiz-Romero et al., (2018) studied application of biogenic silver nanoparticles from Yucca 
shilerifera leaf extract against Fusarium solani and Macrophomina phaseolina and concluded that AgNPs 
from leaf extracts of Y. shilerifera may be used as an agent of biocontrol of microorganism of 
importance. Abkhoo and Panjehkeh (2017) established that different concentrations of AgNPs inhibit 
colony formation of F. oxysporum at different levels. Al Abboud (2018) concluded that AgNPS at 
concentrations of 20, 40 and 80 ppm inhibited the F. oxysporum growth by 12.5, 12.5 and 
61.11%, respectively. Villamizar-Gallardo et al., (2016) showed that AgNPs have a positive 
inhibitory effect in plant tissues, especially in the cortex, when infected with F. solani. Elamawi et al., 
(2018) prepared biological silver nanoparticle synthesized extracellularly by using the 
fungus, Trichoderma longibrachiatum, where the cell filtrate of the fungus was used as a reducing and 
stabilizing agent in the process of nanoparticle synthesis.  The use of AgNPs as antifungal led to 
significant reductions in the number of forming colonies for many plant pathogenic fungi, with 
efficiencies reaching up to 90% against Fusarium verticillioides and Fusarium moniliforme. Xue et al., 
(2016) applied biosynthesized AgNPs that showed considerable activity against the tested fungal 
strains, including Candida spp., Aspergillus sp, and Fusarium sp, especially Candida sp. 
 

CONCLUSION 
Various reported researches have proven that biogenic silver nanoparticles have been found to be an 
ecofriendly and potential fungicide against Fusarium wilt. However, a greater deal with research, 
development and policy making is still required to use them as an alternative to harmful chemical 
fungicides at agricultural field level. 
 

 
J. Biol. Chem. Research                                     66                                Vol. 36 (1) Part D: 64-69 (2019) 

https://www.researchgate.net/profile/ILGIN_AKPINAR?_sg=RqOlfovOOdnNkFgCsZPndALFydFcMRuv9eMQgfzgvmwy2ZJQiln9Y_1jjLs7NcbDSLejHUM.xgnB8XLCfewqL7taSnIZ5mtoDZRIRFl-rdhIEL7mFyp41YQknYynFxi5Ks6Tv6QeoW5vd1VycT1zmvKUhkXbLw
http://ascidatabase.com/author.php?author=Mohamed%20Abdullah&last=Al%20Abboud


 

ACKNOWLEDGEMENTS 
I am highly thankful to Dr. H. K. Gautam (Senior Scientist, Institute of Genomics and 
Integrative Biology) for kindly suggesting me the topic to write this review and Bipul 
Kumar (PhD Scholar, Institute of Genomics and Integrative Biology) to help me during the 
work. 
 
REFERENCES 
Abkhoo, J. and Panjehkeh, N. (2017). Evaluation of antifungal activity of silver nanoparticles on 

Fusarium oxysporum. International Journal of Infection, 4(2). 
Ahmed, S., Ahmad, M., Swami, B.L. and Ikram, S. (2016). A review on plants extract mediated 

synthesis of silver nanoparticles for antimicrobial applications: a green expertise. Journal of 
advanced research, 7(1), pp.17-28. 

Aktar, W., Sengupta, D. and Chowdhury, A. (2009). Impact of pesticides use in agriculture: their 
benefits and hazards. Interdisciplinary toxicology, 2(1), pp.1-12. 

Al Abboud, M.A. (2018). Fungal biosynthesis of silver nanoparticles and their role in control of 
fusarium wilt of sweet pepper and soil-borne fungi in vitro. Int J Pharmacol, 14(6), pp.773-780. 

Alananbeh, K.M., Al-Refaee, W.J. and Al-Qodah, Z. (2017). Antifungal effect of silver nanoparticles 
on selected fungi isolated from raw and waste water. Indian Journal of Pharmaceutical 
Sciences, 79(4), pp.559-567. 

Ankanna, S.T.N.V.K.V.P., Tnvkv, P., Elumalai, E.K. and Savithramma, N. (2010). Production of 
biogenic silver nanoparticles using Boswellia ovalifoliolata stem bark. Dig J Nanomater 
Biostruct, 5(2), pp.369-372. 

Bankar, A., Joshi, B., Kumar, A.R. and Zinjarde, S. (2010). Banana peel extract mediated novel route 
for the synthesis of silver nanoparticles. Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 368(1-3), pp.58-63. 

Bar, H., Bhui, D.K., Sahoo, G.P., Sarkar, P., Pyne, S. and Misra, A. (2009). Green synthesis of silver 
nanoparticles using seed extract of Jatropha curcas. Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, 348(1-3), pp.212-216. 

Carmona-Hernandez, S., Reyes-Pérez, J.J., Chiquito-Contreras, R.G., Rincon-Enriquez, G., Cerdan-
Cabrera, C.R. and Hernandez-Montiel, L.G. (2019). Biocontrol of Postharvest Fruit Fungal 
Diseases by Bacterial Antagonists: A Review. Agronomy, 9(3), p.121. 

Dakal, T.C., Kumar, A., Majumdar, R.S. and Yadav, V. (2016). Mechanistic basis of antimicrobial 
actions of silver nanoparticles. Frontiers in microbiology, 7, p.1831. 

Dubey, S.P., Lahtinen, M. and Sillanpää, M. (2010). Green synthesis and characterizations of silver 
and gold nanoparticles using leaf extract of Rosa rugosa. Colloids and Surfaces A: 
Physicochemical and Engineering Aspects, 364(1-3), pp.34-41. 

Elamawi, R.M., Al-Harbi, R.E. and Hendi, A.A. (2018). Biosynthesis and characterization of silver 
nanoparticles using Trichoderma longibrachiatum and their effect on phytopathogenic 
fungi. Egyptian Journal of Biological Pest Control, 28(1), p.28. 

Fravel, D., Olivain, C. and Alabouvette, C. (2003). Fusarium oxysporum and its biocontrol. New 
phytologist, 157(3), pp.493-502. 

Geethalakshmi, R. and Sarada, D.V.L. (2010). Synthesis of plant-mediated silver nanoparticles using 
Trianthema decandra extract and evaluation of their anti microbial activities. International 
Journal of Engineering Science and Technology, 2(5), pp.970-975. 

Gilligan, C.A. (2007). Sustainable agriculture and plant diseases: an epidemiological 
perspective. Philosophical Transactions of the Royal Society B: Biological Sciences, 363 (1492), 
pp.741-759. 

Gordon, T.R. (2017). Fusarium oxysporum and the Fusarium wilt syndrome. Annual review of 
phytopathology, 55, pp.23-39. 

Hepple, S. (1963). Infection of pea plants by Fusarium oxysporum f. sp. pisi in naturally infested 
soil. Transactions of the British Mycological Society, 46(4), pp.585-594. 

 
 

 
J. Biol. Chem. Research                                     67                                Vol. 36 (1) Part D: 64-69 (2019) 



 

Jacobs, A., Govender, R. and van Heerden, S.W. (2013). Fusarium oxysporum f. sp. lycopersici race 3 
causing tomato wilt in South Africa. Australasian plant disease notes, 8(1), pp.145-147. 

Kim, S.W., Jung, J.H., Lamsal, K., Kim, Y.S., Min, J.S. and Lee, Y.S. (2012). Antifungal effects of 
silver nanoparticles (AgNPs) against various plant pathogenic fungi. Mycobiology, 40(1), 
pp.53-58. 

Konwarh, R., Gogoi, B., Philip, R., Laskar, M.A. and Karak, N. (2011). Biomimetic preparation of 
polymer-supported free radical scavenging, cytocompatible and antimicrobial “green” silver 
nanoparticles using aqueous extract of Citrus sinensis peel. Colloids and Surfaces B: 
Biointerfaces, 84(2), pp.338-345. 

Leela, A. and Vivekanandan, M. (2008). Tapping the unexploited plant resources for the synthesis of 
silver nanoparticles. African Journal of Biotechnology, 7(17). 

Mace, M. ed. (2012). Fungal wilt diseases of plants. Elsevier. 
Mude, N., Ingle, A., Gade, A. and Rai, M. (2009). Synthesis of silver nanoparticles using callus extract 

of Carica papaya—a first report. Journal of Plant Biochemistry and Biotechnology, 18(1), pp.83-86. 
Ohara, T., Inoue, I., Namiki, F., Kunoh, H. and Tsuge, T. (2004). REN1 is required for development 

of microconidia and macroconidia, but not of chlamydospores, in the plant pathogenic 
fungus Fusarium oxysporum. Genetics, 166(1), pp.113-124. 

Ploetz, R.C. (1990). Population biology of Fusarium oxysporum f. sp. cubense. Fusarium wilt of banana., 
pp.63-76. 

Prabhu, S. and Poulose, E.K. (2012). Silver nanoparticles: mechanism of antimicrobial action, 
synthesis, medical applications, and toxicity effects. International nano letters, 2(1), p.32. 

Rajani, P., SriSindhura, K., Prasad, T.N.V.K.V., Hussain, O.M., Sudhakar, P., Latha, P., 
Balakrishna, M., Kambala, V. and Reddy, K.R. (2010). Fabrication of biogenic silver 
nanoparticles using agricultural crop plant leaf extracts. In AIP conference proceedings (Vol. 
1276, No. 1, pp. 148-153). AIP. 

Rajasekharreddy, P., Rani, P.U. and Sreedhar, B. (2010). Qualitative assessment of silver and gold 
nanoparticle synthesis in various plants: a photobiological approach. Journal of Nanoparticle 
Research, 12(5), pp.1711-1721. 

Raut, R.W., Kolekar, N.S., Lakkakula, J.R., Mendhulkar, V.D. and Kashid, S.B. (2010). Extracellular 
synthesis of silver nanoparticles using dried leaves of Pongamia pinnata (L) pierre. Nano-Micro 
Letters, 2(2), pp.106-113. 

Ruiz-Romero, P., Valdez-Salas, B., González-Mendoza, D. and Mendez-Trujillo, V. (2018). 

Antifungal Effects of Silver Phytonanoparticles from Yucca shilerifera Against Strawberry 
Soil-Borne Pathogens: Fusarium solani and Macrophomina phaseolina. Mycobiology, 46(1), pp.47-
51. 

Salata, O.V. (2004). Applications of nanoparticles in biology and medicine. Journal of 
nanobiotechnology, 2(1), p.3. 

Schmidt, S.M., Lukasiewicz, J., Farrer, R., van Dam, P., Bertoldo, C. and Rep, M. (2016). 

Comparative genomics of Fusarium oxysporum f. sp. melonis reveals the secreted protein 
recognized by the Fom‐2 resistance gene in melon. New Phytologist, 209(1), pp.307-318. 

Shankar, S.S., Ahmad, A. and Sastry, M. (2003). Geranium leaf assisted biosynthesis of silver 
nanoparticles. Biotechnology progress, 19(6), pp.1627-1631. 

Sharma, P., Sharma, A., Sharma, M., Bhalla, N., Estrela, P., Jain, A., Thakur, P. and Thakur, A. 

(2017). Nanomaterial fungicides: in vitro and in vivo antimycotic activity of cobalt and nickel 
nanoferrites on phytopathogenic fungi. Global Challenges, 1(9), p.1700041. 

Singhal, G., Bhavesh, R., Kasariya, K., Sharma, A.R. and Singh, R.P. (2011). Biosynthesis of silver 
nanoparticles using Ocimum sanctum (Tulsi) leaf extract and screening its antimicrobial 
activity. Journal of Nanoparticle Research, 13(7), pp.2981-2988. 

Smith, S.N. and Snyder, W.C. (1975). Persistence of Fusarium oxysporum f. sp. 
vasinfectum. Phytopathology, 65, pp.190-196. 

Vaseeharan, B., Ramasamy, P. and Chen, J.C. (2010). Antibacterial activity of silver nanoparticles 
(AgNps) synthesized by tea leaf extracts against pathogenic Vibrio harveyi and its protective 
efficacy on juvenile Feneropenaeus indicus. Letters in applied microbiology, 50(4), pp.352-356. 

 

 
J. Biol. Chem. Research                                     68                                Vol. 36 (1) Part D: 64-69 (2019) 



 

Villamizar-Gallardo, R., Cruz, J.F.O. and Ortíz-Rodriguez, O.O. (2016). Fungicidal effect of silver 
nanoparticles on toxigenic fungi in cocoa. Pesquisa Agropecuária Brasileira, 51(12), pp.1929-
1936. 

Xue, B., He, D., Gao, S., Wang, D., Yokoyama, K. and Wang, L. (2016). Biosynthesis of silver 
nanoparticles by the fungus Arthroderma fulvum and its antifungal activity against genera of 
Candida, Aspergillus and Fusarium. International journal of nanomedicine, 11, p.1899. 

Zahir, A.A. and Rahuman, A.A. (2012). Evaluation of different extracts and synthesized silver 
nanoparticles from leaves of Euphorbia prostrata against Haemaphysalis bispinosa and 
Hippobosca maculata. Veterinary parasitology, 187(3-4), pp.511-520. 

Zhang, X.F., Liu, Z.G., Shen, W. and Gurunathan, S. (2016). Silver nanoparticles: synthesis, 
characterization, properties, applications, and therapeutic approaches. International journal of 
molecular sciences, 17(9), p.1534. 

Zhang, Y., Yang, D., Kong, Y., Wang, X., Pandoli, O. and Gao, G. (2010). Synergetic antibacterial 
effects of silver nanoparticles@ aloe vera prepared via a green method. Nano Biomed Eng, 2(4), 
pp.252-257.  

 
 

 

Corresponding author: Dr. Poonam Rani Department of Soil Science, Jayoti 
Vidyapeeth Women’s University, Jaipur (Rajasthan) –305001, India.  

Email: poonambiotech87@gmail.com  gyanikashukla@gmail.com   
Contact: 7906584363 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
J. Biol. Chem. Research                                     69                                Vol. 36 (1) Part D: 64-69 (2019) 

mailto:poonambiotech87@gmail.com
mailto:gyanikashukla@gmail.com

