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A B S T R A C T 
The significance of gold nanoparticles (AuNPs) against diverse plant pathogens is nowadays perfectly established in the 
field of agriculture. The present study focused to examine the antimicrobial efficiency of green synthesized gold 
nanoparticles against selected plant pathogens like Aspergillus flavus, Aspergillus niger and Pseudomonas syringae. The 
synthesized AuNPs were characterized by UV-visible, FTIR, XRD spectroscopy, SEM, EDX, DLS and zeta potential studies. 
The AuNPs exhibited a surface Plasmon resonance (SPR) peak at 528 nm. The FTIR spectrum revealed the contribution 
of bioactive compounds in the leaf extract for the reduction process as well as stabilization of AuNPs. The XRD spectrum 
of AuNPs explains the crystalline nature of the synthesized gold nanoparticles. The SEM image showed the morphology 
and shape of the nanoparticles. The elemental analysis of the synthesized AuNPs was found using energy dispersive 
spectrum. The size of the AuNPs was measured in DLS and it was 55.6 ± 19.4 nm with a polydispersity index of 0.212. The 
zeta potential value observed for gold nanoparticle was -42 mV which indicates the stability of the nanoparticle. The 
obtained inhibitory zone observed in the present study for selected plant pathogens revealed the resultant gold 
nanoparticles have good potentiality against infectious diseases in plants. The MIC was found to be significant with IC50 
values of 14.19, 14.08 and 18.07 µg/ml respectively. 
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 Nanoscience is a new field of scientific inquiry that has 

gained a lot of attention in recent decades [1]. Nanotechnology 

can create new design and manipulation of nanostructures with 

extremely small dimensions and high surface area to volume 

ratios which play a crucial role in microbiology and 

biotechnology. Nanoparticles have caught the great attention of 

researchers from a wide range of fields due to their unique 

features. Nanoparticles are classed on the basis of their 

morphology, size, and chemical properties, and so they are 

classified according to their physical and chemical qualities; 

there are various well-known kinds of nanoparticles such as 

organic, inorganic, and carbon-based [2]. 

 Agricultural damage is due to phytopathogens which 

contribute for around 6% of crop yield production around the 

world [3]. The losses incurred by these infections are 

undeniable, and they can be exacerbated even more dependent 

on predisposing factors, pathogen virulence, and the 

surroundings. Regardless of the fact that weeds are the largest 

source of yield losses on a worldwide scale, agricultural crops 

suffer significant losses due to insect infestations and plants 

infections by bacteria and fungi. In the twenty-first century, the 

global annual production tonnage percentage lost due to 

diversified pests was approximated as follows in rounded 

(approximate) figures: Animal pests were responsible for 18% 

of crop production tonnage losses; illnesses caused by microbes 

which accounted about 16% and 70-80% crop losses are owing 

to fungal pathogens; 34% loss for a total of 68% annual crop 

production due to the presence of weeds in the surrounding 

environment [4]. 

 Aspergillus flavus is a soil fungus which mainly infect 

plants, animals and insects. It grounds storage rots disease in 

numerous crops such as corn, peanuts and cotton. It also causes 

an ear rot disease in corn [5] yellow mould in peanut seedlings 

[6] and yellow spot disease that affects the quality of cotton 

fibre [7]. Aspergillus niger is also a causative agent for many 

rot diseases in plants. It causes substantial economic losses in 

food products due to spoilage. It produces crown rot disease in 

peanuts [8], spoilage in grapes [9] and tomatoes [10] during 

storage. Pseudomonas syringae is a phytopathogen which 

causes diseases of monocots, woody dicots and herbaceous 

plants throughout the world. Recently nanoparticles can 

safeguard the plants by implementing dual protocols such as 

nanoparticles itself fostering the protective effect on 

agricultural crops and nanoparticles acts as carriers for active 

compounds as well as in combination with pesticides [11]. 

Hence, the present research aims to find the whole aspects about 

green synthesis of gold nanoparticles and its potential 
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antimicrobial efficacy against plant pathogens to develop new 

therapeutics for the protection of agricultural crops. 

 

MATERIALS AND METHODS 
 

Gold (III) chloride trihydrate (HAuCl4. 3H2O) was 

purchased from HiMedia, Chennai. The gold chloride stock 

solution (1mM; w/v) was prepared by dissolving 39.383mg of 

gold (III) chloride trihydrate in 100ml Type I water (Water 

Purification System Model Direct-Q3, Bangalore, India). All 

glasswares used in the present work was thoroughly rinsed with 

deionized water. 
  

Andrographis paniculata leaf extract preparation 

The young and fresh Andrographis paniculata leaves 

were collected in the district of Tirunelveli, Tamil Nadu, India. 

The collected leaves were washed thrice in de-ionized water, 

and then shade-dried for one week. The dried leaves were 

crushed using mixer grinder and sieved and kept in air tight 

container for further analysis. 10g of dried fine powdered leaves 

in suspended in 100 ml of Milli-Q water and boiled at 100°C 

for 10 minutes. Using Whatman No. 1 filter paper, the slurry 

was filtered and kept in refrigerator at 4°C for subsequent 

research work. 
 

Fabrication of AuNPs using AP leaf extract 

For the fabrication of AuNPs, 1mM gold chloride 

solution (w/v) was prepared from commercially procured 

tetrachloroauric acid salt. 100ml gold chloride solution was 

taken in a 250 ml Erlenmeyer flask and heated to 80°C for 10 

minutes. The solution was then agitated for 15 minutes at 80°C 

for 400 rpm. Then, 10ml of 10% (w/v) Andrographis 

paniculata leaf extract was added in a dropwise manner. The 

colour change from pale yellow to ruby red in the reaction 

mixture which indicates the formation of gold nanoparticle. 

After the fabricated AuNPs was centrifugated at 8000 rpm for 

20 minute and the top most fluid was drained off. The obtained 

precipitate was washed multiple times with type I water and 

dried at 50°C in hot air oven. 
 

Characterization of gold nanoparticles 

The fabricated gold nanoparticle was measured using 

UV-vis spectrum at 1nm resolution and type I water as 

reference using a Shimadzu dual beam spectrophotometer 

(model UV – 1800 PC) with a wavelength from 200 nm to 800 

nm [12]. The synthesized AuNPs was performed using Fourier 

transform infra-red spectroscopy with a range of 4000–400 cm-

1 in Nicolet Impact 400 FT-IR spectrophotometer [13]. The X-

ray diffraction analysis for the crystalline nature of AuNPs was 

determined using an X’pert PROPAN analytical instrument. 

The obtained diffraction intensity peaks were compared with 

the standard Joint Committee for Powder Diffraction Standard 

(JCPDS) files [14]. The size and morphology of synthesized 

AuNPs was determined using scanning electron microscope 

(SEM). DLS (Dynamic light scattering) and zeta potential of 

the AP-AuNPs was determined using Zeta sizer-SZ100 

(Horiba, Japan) to measure the average size, zeta potential and 

polydispersity index of green synthesized AuNPs.  

 

Antimicrobial activity 

The antimicrobial activity of green synthesized AuNPs 

was evaluated using the selected plant pathogens, including two 

fungus strains such as Aspergillus flavus (MTCC 277), 

Aspergillus niger (MTCC 404) and bacterial strain 

Pseudomonas syringae (MTCC 7620). The overnight grown 

pathogens were swabbed on Mueller Hinton Agar (MHA) 

plates. The AP-AuNPs with four different concentrations (50, 

100, 150 and 200 µg/ml) were dispensed into the agar wells in 

the petri plates made using cork borer. Then the petri plates 

were kept overnight at 37°C. The inhibitory zone was assessed 

and this study was done in five individual replicates. The 

minimum inhibitory concentration of AP-AuNPs were 

determined by broth dilution method using 96 well plate. The 

two-fold dilutions were made for each sample at various 

concentrations and maintained overnight at room temperature. 

A control was also maintained for each experiment. The optical 

density of bacterial growth (OD) values at 630 nm using ELISA 

plate reader (ERBA, LisaScan) growth. The inhibition of 

growth in the sample loaded wells for each dilution was 

calculated using the following formula: 

  

Inhibition (%) = 
𝑂𝐷 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝑂𝐷 𝑜𝑓 𝑡𝑒𝑠𝑡 𝑠𝑎𝑚𝑝𝑙𝑒

𝑂𝐷 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 ×  100 

 

Statistical analysis 

  The observed data are expressed in Mean ± SD. The one-

way ANOVA and post hoc analysis were carried out using 

Minitab software version 17.  The statistically significant 

inferences are expressed in p<0.05 and p<0.001. 

 

RESULTS AND DISCUSSION 
 

Characterization of AuNPs 

(Fig 1) shows the transformation of colour of the green 

synthesized gold nanoparticle from golden yellow to wine red 

colour. Correspondingly, the colloidal AuNPs synthesized by 

Mentha longifolia leaf extract was also wine red colour [15]. In 

contrast, the gold nanoparticle synthesized by chemical method 

using tri sodium citrate as reducing agent showed reddish 

purple colour [16]. The ultra violet -visible spectrum of AP-

AuNPs and its intense absorption peak was recorded at 528 nm 

is illustrated in (Fig 2). Saqr et al. [17] reported that the 

absorption peak was around 525-555 nm. Analogously, 

Balasubramanian et al. [18] stated that the intensity peak value 

at 547 nm for gold nanoparticles fabricated using Jasminum 

auriculatum plant leaf extract.  

 

   

Fig 1 Visible colour change in the reaction mixture of AuNPs  Fig 2 UV-visible spectrum of synthesized AuNPs 
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The FTIR spectrum obtained from AP-AuNPs in (Fig 3) 

depicts that the stretching bands ranged from 1000 to 3800 cm−1 

which implies the occurrence of O-H vibration and the 

existence of functional groups such as free hydroxyl, N-H 

stretch denotes primary and secondary amines and amides, 

which resembles the earlier reports [19-20]. The stretching 

vibration at 2881.13 cm−1 indicates the presence of O-H stretch 

carboxylic groups and the region of 2634.29 cm−1 indicates the 

H-C=O; C-H stretch as aldehyde group. The C=C stretching 

alkene vibration band appeared at 1683.55 and 1292.07cm-1 

showed C-H wagging in AP-AuNPs, which corroborates with a 

previous study [21]. The stretching occurs at, 1028.84 and 

958.44cm-1 which indicates the C-N stretch of aliphatic amines 

groups and O-H stretch with carboxylic acids as functional 

group. 

 

   

Fig 3 FTIR spectrum of synthesized AuNPs  Fig 4 XRD pattern of synthesized AuNPs 

XRD pattern of the A. paniculata mediated gold 

nanoparticles, which was crystalline in nature and an intense 

peak proved the structure of AP-AuNPs (Fig 4) to be face 

centered cubic (FCC) nature including 38.16°, 44.00°, 65.3°, 

and 73.53° (111, 200, 220 and 311 respectively) and the 

obtained data was compared with JCPDS file (No. 00-004-

0784). The recorded XRD pattern of AuNPs is coherent with 

the existence of its metallic gold constituents as reported earlier 

[22-24]. 

The SEM image of AP-AuNPs synthesized is 

represented in (Fig 5). It revealed that the gold nanoparticles are 

completely dispersed and the leaf extract worked as the 

crowning agent to form discrete AuNPs from accumulation. 

The size of the AuNPs was between from 40 to 65 nm and most 

of them were spherical in shape. The present result relates the 

earlier report [25] and they explained the shape of the 

nanoparticles were roughly spherical in shape and in some areas 

stacked together. The EDX analysis confirmed the presence of 

metallic Au in the synthesized gold nanoparticles with a range 

between 2-2.5keVis illustrated in Fig.6. In accordance with 

earlier reports [26] suggested that the energy band for Au shows 

a strong signal in the range of 2 to 2.5keV.   

 

   

Fig 5 SEM image of AuNPs  Fig 6 EDX spectrum of AuNPs 

Dynamic light scattering detects the size of 

biosynthesized particle to be between 40 and 65 nm with a 

standard deviation of 19.4 nm (Fig 7). The z- average of AuNPs 

was 47.2 nm in the synthesis process with a poly dispersity 

index of 0.212. Keskin et al. [26] reported that the Gundelia 

tournefortii leaf extract mediated gold nanoparticle exhibited 

146 nm in size. The zeta potential of the AP-AuNPs was found 

to be -42.0 mV (Fig 8) with a good stability index. The data 

obtained in the present study have a negative zeta potential as 

proved owing to the occurrence of negatively charged 

functional groups in the leaf extract which offers more stability 

of synthesized gold nanoparticles [27]. Adena et al. [28] 

reported that the surface charge of metallic Au nanoparticle 

have shown to be more stable if it is either more -30 or +30. 
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Antibacterial and antifungal activity 

The antibacterial and antifungal efficacy of 

biosynthesized AP-AuNPs was analyzed with selected 

pathogenic microbial strains by agar well diffusion method. The 

bacterial strains selected in the study was Pseudomonas 

syringae and fungal strains such as A. flavus and A. niger. The 

zone of inhibition for the selected plant pathogens is given in 

(Fig 9-10). It shows that the higher concentration (200 µg/ml) 

gave better performance than the lower concentration (50 

µg/ml). The standard antibiotic(30µg/ml) Clotrimazole 

exhibited better antifungal effect (24 and 19 mm) to A. flavus 

and A. niger respectively than the AP-AuNPs (22.66 ± 0.57 and 

15.00 ± 0.81 mm) at 200 µg/ml as the standard antibiotic which 

possess the chemical compound exclusively to inhibit the 

growth. Likewise, for the bacterial strain, Azithromycin was 

used as standard which showed zone of inhibition (25mm) and 

AP-AuNPs with 22.66 ±0.47 mm at the highest concentration. 

The obtained result revealed that the increasing AuNPs 

concentration gives diminishing growth of microbial cells in a 

dose dependent manner. 

 

   

Fig 7 Particle size of synthesized AuNPs  Fig 8 Zeta potential of synthesized AuNPs 

   

Fig 9 Photograph showing antimicrobial activity against plant 
pathogens 

 
Fig 10 Zone of Inhibition (mm) of AuNPs 

Table 1 Zone of inhibition in mm using AuNPs against plant pathogens. Each value is the mean±SD of three individual 

replicates. Different superscript alphabets are statistically significant from each other (Post hoc Tukey test; P<0.001) 

Plant pathogen 
Concentration (µg/ml) 

50 100 150 200 Standard 

A. flavus 14.33 ± 0.57d 17.00 ± 1.00c 21.00 ± 1.00b 22.66 ± 0.57ab 24a 

A. niger 07.66 ± 0.47d 10.00 ± 0.81c 13.00 ± 0.81b 15.00 ± 0.81b 19a 

P. syringae 15.00 ± 0.81d 17.33 ± 0.47c 21.00 ± 0.81b 22.66 ± 0.47b 25a 

The metallic gold nanoparticle was shown to be good 

antimicrobial efficiency against plant fungal pathogens such as 

A. flavus and A. niger as well as plant blight disease causing 

bacterial strain, Pseudomonas syringae. These findings support 

the previous studies [29-30] stated that the metal nanoparticles 

like silver and gold have good antifungal efficiency. According 

to existing research the biosynthesized gold nanoparticles may 

penetrate and interrupt the mechanism of cell membrane 

synthesis, production of reactive oxygen species or 

biomolecular damage in the selected pathogenic organism. The 

one-way ANOVA test revealed that the zone of inhibition 

between various concentrations of AP-AuNPs and standard 

antibiotics (azithromycin) for bacterial strains showed 

significant difference (F=91.44; p<0.001) and fungal strains (A. 

flavus and A. niger) showed significant difference (F=91.44 and 

87.10; p<0.001) respectively followed by the post hoc tukey test 
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(Table 1; p<0.001). The MIC was found to be significant with 

IC50 values of 14.19, 14.08 and 18.07 µg/ml respective strains 

such as Aspergillus flavus, Aspergillus niger and Pseudomonas 

syringae (Fig 11). 
 

CONCLUSION 
 

In most of the countries, agriculture is the mainstay of 

the economy. Gold nanoparticles have been extensively 

explored over the last few decades, and their usage in 

agriculture offers an alternative for pathogen control that could 

diminish our necessity on environmentally harmful fungicides 

and bactericides. Green synthesis of AugNPs is made simple 

and inexpensively using extracts from Andrographis paniculata 

leaves. Nano based endeavours should be formulated for their 

role in plant disease remedy owing to being a cost effective and 

ecofriendly substitute. Based on the experimental results we 

conclude gold nanoparticles have potential antimicrobial 

efficacy which can supports the shelf life of plants as well as 

disease management. In future we could develop new nano 

formulated drugs to combat plant pathogens in agricultural 

sectors. 

 

Fig 11 Minimum inhibitory concentration of AuNPs against selected plant pathogens 
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