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ABSTRACT 

Rhizoctonia solani is responsible for stem canker which often leads to yield loss or in severe 
cases, plant death. Previously, Bacillus sp. GRP isolated from rhizosphere of healthy potato plants 
was found to produce antifungal substances that are active against Rhizoctonia solani. The present 
study tests the antifungal production, characterization and formulation into bio-nano-fungicide for 
field application. Among four media tested, the maximum growth and antifungal production was 
found in tryptone soya broth medium under static condition at 30°C, pH7, inoculum density 1% and 
72 h incubation. Antifungal substances were extracted and identified by thin layer chromatography 
(TLC), Fourier Transform Infrared Spectroscopy (FT-IR), Ultraviolet-visible spectroscopy (UV-Vis) 
and liquid chromatography mass spectrometry (LC-MS) that revealed the presence of two compounds 
which were assigned as fengycin and surfactin. Crude antifun gal compounds were immobilized on 
nanoclay particles and its antifungal ability and stability test to inhibit the pathogen compared with 
the free compound were evaluated. At the same time, bio-nano-fungicide characterization was 
performed by Transmission Electron Microscope (TEM), Dynamic Light Scattering (DLS) and FT-
IR.  The immobilized compounds inhibited fungal mycelial growth (92%) at 50 ppm. In addition, 
immobilized compounds showed good stability at different storage periods, as well as enhanced 
biocontrol efficiency in soil. All these characteristics suggest the possible use of bio-nano-fungicide 
as a valuable option for biological control purposes. 

     
Keywords: Bacillus sp. GRP, Rhizoctonia solani, optimization, lipopeptide, bio-nano-fungicide, 

Biocontrol 

 
Introduction 

The damage resulting from fungal contamination is not limited to economic losses, but also 
extends to compromise food safety. Black scurf is a common fungal disease that infects potato plants 
by Rhizoctonia solani. It is common practice to use synthetic fungicides. Although they are very 
effective, yet they have major drawbacks, such as the development of resistance in plant pathogens and 
their adverse effects on human health and the environment (Wu et al., 2016). An alternative of interest 
to synthetic chemicals for the control of fungal pathogens is the use of biocontrol agents. Bacillus 
species are one of the largest sources of bioactive natural products, they have been found to produce a 
wide variety of peptide and non-peptide antimicrobial compounds. Fengycin, iturin, and surfactin are 
common lipopeptides. They are interesting for their control of plant diseases as they have many 
advantages such as low toxicity, high biodegradability and environmentally friendly characteristics 
(Ongena and Jacques, 2008). Biosynthesis of antifungal antibiotics from microorganisms is often 
regulated by nutritional and environmental factors. The use of antimicrobial compounds in agricultural 
applications is unlikely to achieve the goal of minimizing the use of chemical pesticides due to certain 
limitations such as low stability under field condition, relatively high volumes required for coverage 
and high cost (Acevedo et al., 2010). Immobilization is a good alternative to overcome these problems. 
However, immobilized compounds are usually easier to handle, require less complex separation 
systems, allow a high biomass density to be maintained and provide a greater opportunity for reuse and 
recovery (Datta et al., 2013). Nanoparticles have the advantage over traditional support materials for 
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providing a high surface, minimum diffusion limitation and high mass transfer. The use of 
nanomaterials of natural origin, such as montmorillonite and other clay nanoparticles have a structure 
of stacked platelets with one dimension of the platelet in the nanometer scale. Nano-clays have a high 
aspect ratio that provides more interactive surfaces when dispersed well. Clays have been exploited for 
immobilization due to their mechanical and thermal stabilities, chemical inertness, well defined layered 
structures and ion exchange properties (Ghormade et al., 2011). The aim of the present study was to 
evaluate the antifungal compounds produced by Bacillus sp. GRP regarding to their production, 
characterization and immobilization on clay nanoparticles. 
 
Materials and Methods 
 
Microorganisms  

Antagonistic bacteria and Rhizoctonia solani were previously isolated from rhizosphere of 
healthy potato field in the governorate Giza and identified as Bacillus sp. MK030136 and from infected 
potato tubers, respectively (Maghrawy et al., 2020).  
 
Optimization of antifungal metabolite production   
 
Culture media  

Four culture media, nutrient broth, tryptone soya broth, potato dextrose broth and yeast mannitol 
broth were tested (Sihem et al., 2011). Flasks containing 20 ml of each culture medium adjusted at pH 
7 were inoculated with 24 hr old culture of the strain and incubated at 30° C without agitation for 72 h. 
After incubation, bacterial cultures were taken, centrifuged at 6000 rpm for 20 min. The supernatants 
(50 μL) were bio-assayed on Potato Dextrose Agar (PDA) medium against Rhizoctonia solani by agar 
well-diffusion method (Tagg and McGiven, 1971). The Petri plates were incubated at 25ºC and the 
zones of inhibition (%) against Rhizoctonia solani was recorded after 5 days using the following 
equation;  
Percent decrease over control =  Dc -    Dt  × 100     
                                                                   Dc 
Where, 
Dc = Average diameter of fungal growth in control.   
Dt = Average diameter of fungal growth treated with extract 
2.2.2 Incubation period, pH, inoculum size, aeration and temperature  
 

Tryptone soya broth medium inoculated with different inoculum sizes (1, 2, 4, 8, and 10 % v/v) 
and allowed to grow at 30oC at pH 7 for 72 h under static conditions, The medium was adjusted to 
different pHs (3, 4,5,6,7 and 8) inoculated with best inoculum size of bacterial suspension and incubated 
at the best temperature for 72 h under static conditions. flasks were loaded, in triplicate, with medium 
inoculated with 1% inoculum size and incubated at different temperatures (10, 20, 25, 30 and 35º C)   at 
pH 7 for 72 h under static conditions and 1 % inoculum of Bacillus sp. was inoculated in flasks loading 
with medium and incubated at 30° C at pH 7 for different incubations periods (12, 24, 36, 48, 56, 72, 
77, 86 and 96 h) under static or shaking conditions to determine the optimum conditions for production 
of antifungal compound. After incubation, the bacterial broth at either condition was centrifuged at 
6000 rpm for 20 min and supernatants were used to test the antifungal activity by agar well diffusion 
method. 
 
Extraction and polarity determination of antifungal compound  

To extract the antifungal compounds, 1% inoculum of 24 h old culture of Bacillus strain was 
grown in tryptone soya broth medium for three days at 30°C then broth culture (pH 7) was centrifuged 
at 6000 rpm for 20 minutes. The supernatant was mixed with equal volume (1:1) of the organic solvents, 
including chloroform, ethyl acetate, butanol, petroleum ether or methanol at different pH 2, 7 and 10 to 
determine the ideal solvent for extraction; it was vigorously shaken and allowed to separate. All extracts 
were assayed for their antifungal activity using respective solvents as control by disc diffusion method 
against Rhizoctonia  solani. (Pathak et al., 2012). 
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Separation of bioactive compound  
According to Pathak et al. (2012),  Bacillus strain was inoculated in 50 ml Erlenmeyer flask 

containing 10 ml of tryptone soya broth , incubated at 30ºC for 24h and an appropriate aliquot of 
inoculum was added to 1000 ml of tryptone soya broth medium in 2000 ml Erlenmeyer flask. Flask was 
incubated at 30°C static for 72 h. The cells were separated by centrifugation at 6000 rpm for 20 min 
and the compounds from culture supernatant were precipitated by decreasing pH to 2. The precipitates 
were harvested by centrifugation of acidified broth at 6000 rpm for 20 min. The pellet was solubilized 
in pure methanol. The methanolic extract was then centrifuged to remove the undissolved fraction, 
while the supernatant was collected and evaporated at 35 - 40°C under vacuum, and the residues were 
collected as crude bioactive compound.  

 
Characterization of antifungal compounds 
  
Thin layer chromatography 

The method of Zhang et al., (2016) was applied. Methanolic extract was tested for number of 
component present by using pre-coated thin layer chromatography plates with chloroform: methanol: 
acetic acid (80:10:5) solvent system. Active fraction was spotted at the point of origin towards the 
bottom of the TLC plate (Silica gel 60 F254, layer thickness 0.2 mm, E.Merck. Darmstadt, Germany). 
As the sample moved up to the top of the plate, the developed TLC plate was removed, air dried and 
visualized under UV light at 366 nm.  To detect the presence of free amino group, the TLC plate was 
sprayed with the ninhydrin (0.25% w/v in ethanol). Phenol–sulfuric acid (prepared by mixing 95 mL 
ethanol, 5 mL of sulfuric acid and 3 g of phenol) was used to identify the sugar moieties. The plates 
were heated at 110 o C for 20 min until the color was observed. The retention factor (Rf) values was 
calculated by using the following formula (Razafindralambo et al., 1993); 

 

Rf = 
Distance travelled by the solute from origin (cm) 
Distance travelled by the solvent from origin (cm) 

 
UV visible spectroscopy, Fourier Transform Infrared Spectrum and LC mass spectrum 

UV spectra were recorded on Shimmadzu UV-2450 model spectrophotometer. One mg sample 
was dissolved in 10 ml methanol and the spectra were recorded at 200-800 range. FTIR spectra were 
recorded using BRUKER VERTEX 70 device at NCRRT. The spectra were scanned in the range 400-
4000 cm -1 and plotted as intensity versus wave number. The sample (100 µg ⁄ ml) solution was subjected 
to LC-MS analysis (Pathak et al., 2012). 
 
Immobilization of lipopeptides on clay nanoparticles  

Immobilization of lipopeptides was performed by mixing 1ml of the compounds with 10 mg of 
clay nanoparticles (bentonite) obtained from Medical Export Company (UK) under shaking conditions 
(200 rpm) for 2 h at 30 ºC (Acevedo et al., 2010). Immobilization and determination of lipopeptides 
size were characterized by Transmission Electron Microscopy (TEM) using JEOL-JEM 1010 
Transmission electron microscope, Dynamic light scattering measurements (DLS) using Zeta 
potential/particle sizer (NICOMP380 ZLS, PSS. NICOMPparticle sizing systems, Santa Barbara, 
California, USA) at NCRRT and FT-IR spectroscopy. 

 
Evaluation of antifungal activity of bio-nano-fungicide  

Different concentrations of the (50, 100, 200, 300, 400 and 500 ppm) were tested against R. solani 
on PDA medium. Mycelial fungal disc (5 mm) was placed on the medium amended with each 
concentration. After incubation, the radical growth (mm) of mycelium was measured (Ji et al., 2013). 
 
Storage stability of bio-nano-fungicide  

The storage stability was evaluated by storing the free and immobilized lipopeptides up to 12 
months at room temperature. Antifungal activity was periodically measured as previously mentioned.  
Experiments were performed in triplicates (Chen et al., 2017). 
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Application of bio-nano-fungicide in green house 
Experiments were carried out under greenhouse conditions (February- April) during season 2019. 

Plastic pots (25cm in diameter), each contained 3kg of sterilized soil, were infested using inoculum 
consisted of  R. solani grown on sand corn meal medium at the rate of 3% of  soil weight. Pots were 
watered regularly for ten days before planting to ensure the growth distribution of inoculum. Soaking 
of potato tuber in bio-nano-fungicide with different immersion time (0, 10, 20 30 and 60 min) were 
applied. Three potato tubers after immersion in bionanofugicide formulation were planted in each pot 
and three replicates (pots) were used for each treatment. Data were recorded after 60 days of planting 
using the unsoaked tuber in infested soil and tuber soaked with Atrio 8% W.P. (2g /10L) chemical 
fungicide was purchased from Central Agriculture Pesticide Laboratory of A.R.C., Giza, Egypt. at the 
same immersion time as check controls. Disease incidence and plant growth parameters were 
determined 60 days after planting. The reduction of disease incidence was calculated according to the 
following formula: disease incidence% = number of infected plant /total number of plant assessed × 
100, Three growth parameters: plant height (length of stem and root), fresh and dry weights were also 
recorded at the end of the experiment (Khedher et al., 2015). 

 
Statistical analysis 

Statistical analysis was performed using one-way analysis of variance (ANOVA) by Minitab 
software (version 17). p-Value< 0.05 considered as significant (Thomas et al., 2001). 

 
Results and Discussion 
 
Optimization of antifungal metabolite production:  
 
Effect of culture media   

Various media with different carbon and nitrogen sources were used for optimization of 
nutritional conditions required for antifungal compound production by Bacillus sp. Efficiency was 
measured on the basis of viable cell number and diameter of inhibition zone against Rhizoctonia solani. 
The maximum viable cell number 8.86 (log CFU/ml) and inhibition zone (75mm) was achieved when 
tryptone soya broth was used (Fig 1). Nutrient broth medium proved to be a poor medium for growth 
of the organism as well as for antifungal compound production. The combination of pancreatic digest 
of casein and papaic digest of soyabean meal in the tryptone soya broth provides the microorganisms 
with amino acids and long chain peptides (Zhao et al., 2013).Other study (Kumar et al., 2009) observed 
maximum production of antifungal compounds in tryptone soya broth (28mm inhibition) when 
compared with sucrose broth or nutrient broth (20, 12 mm inhibition, respectively) 

. 

 
Fig. 1: Effect of culture media on bacterial growth and bioactive compound production. 
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Effect of aeration 
Maximum growth 12.6 (log CFU/ml) was observed under shaking conditions as compared to 

stationary conditions 10.5 (log CFU/ml). However, maximum inhibitory zone was 75mm under 
stationary conditions, while 51mm was under shaking (Fig. 2). Zohora et al. (2013) postulated that 
submerged fermentation lead to lower antifungal production by B. subtilis than those in biofilm 
fermentation. Similar findings were also reported for Bacillus subtilus as it exhibit maximial antibiotic 
production when incubated within static condition at 37°C rather than shaking conditions (Kumar et 
al.,2009). However, in other study, the maximum production of the antifungal compound by B. 
velezensis was observed under shaking (Meena et al., 2018). 

 
Fig. 2: Effect of aeration on bacterial growth and bioactive compound production at 30 °C and pH value 

7 for 72 h. 
 
Effect of incubation time  

The antifungal production was observed at the late logarithmic phase and during the stationary 
phase (Fig.3). The maximum production was at 72 h, since the measured inhibition zone was 75 mm. 
This observation shows that the production of antifungal compound (s) in the broth as microbial 
secondary metabolites are produced during stationary or late log phase (where the sporulation started) 
by a variety of microorganisms when nutrients become depleted and waste accumulates (Horak et al., 
2019). Similar results were observed by Sarwar et al. (2018) who stated that maximum antifungal 
activity for Bacillus subtilis NH-100 was detected at 72 h when grown alone and co cultured with 
different fungal strains (F. solani, F. oxysporum, F. moniliforme and Trichoderma atroviride ) in landy 
medium. Jin et al., (2015) showed that antifungal activity of iturin A produced by Bacillus subtilis 
reached a maximum at 60 h. Rea et al. (2010) explained the delay in secondary metabolites production 
by the utilization of carbon mainly for primary metabolism. 

 
Fig. 3: Effect of incubation time on growth and bioactive compound production under static conditions 

at 30 °C and pH value 7. 

0

2

4

6

8

10

12

14

0

10

20

30

40

50

60

70

80

shaking static

lo
g

 C
F

U
/m

l

In
h

ib
it

io
n

 z
o

n
e 

(m
m

)

Aeration

Inhibition zone ( mm) Logcfu/ml

0
1
2
3
4
5
6
7
8
9
10

0

10

20

30

40

50

60

70

80

0 6 12 24 36 48 54 72 77 86 96

L
og

 c
fu

/m
l

In
h

ib
it

io
n

 z
on

e 
(m

m
)

Incubation time (hr)

Inhibition zone( mm) Cfu/ml



Middle East J. Appl. Sci., 10(2): 279-293, 2020 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2020.10.2.27 

284 

Effect of temperature  
The maximum growth and antifungal compound production were obtained at temperature 30° C, 

while little growth and antifungal activity were observed at 10, 20 or 40° C (Fig.4). At the optimum 
temperature, the bacterial genes of the operon system might be activated causing synthesis of 
lipopeptides (antifungal compound) by the non-ribosomal peptide synthetase. (Meena et al., 2020). 
Similar results were observed by Mizumoto and Shoda (2007) who stated that the maximum production 
of antifungals was recorded at 30ºC using B. subtilis RB14-CS and B. velezensis KLP2016. At the 
temperature above of 37ºC (40ºC and 45ºC), the B. velezensis KLP2016 didn’t show much growth as 
well as antifungal activity. (Meena et al., 2018). 

 

 
Fig. 4: Effect of incubation temperature on growth and bioactive compound production under static 

conditions at 72 hr, pH value of 7 and inoculum size 1%. 
 
Effect of pH  

Data reveal that pH 7 was the optimum for antifungal production (inhibition zone= 75mm) and 
growth of Bacillus sp. with a maximum inhibition zone of 75mm (Fig.5).  
 

 
Fig. 5: Effect of pH on growth and bioactive compound production under static conditions, 72 h , at 

30ºC and 1% inoculum size. 
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Little growth and antifungal compound production were noticed at either pH 3, 4, 5 or 8. However the 
Bacillus sp. produced antifungal compounds under acidic and basic pH of the fermentation medium. 
Similarly maximum antifungal compound production by B. subtilis K1 strain  has been observed at pH 
7.0 to 9.0 with maximum production of antifungal activity at pH 7 (Mizumoto and Shoda, 2007). Meena 
et al (2020) reported that B. subtilis KLP2015 efficiently produced the antifungal compound at a neutral 
pH of the fermentation medium. In our study, the Bacillus sp. was recognized as a neutrophile because 
it grew optimally at pH 7.  
 
 
Effect of inoculum size  

As illustrated in Fig. (6), inoculation of the fermentation medium with 1 % (6x107CFU/ml) 
proved to be the optimum for obtaining the highest productivity as indicated by antifungal activity 
against target fungi. A concomitant decrease in productivity was observed at higher inoculum 
concentrations of strain. Such effect might be attributed to the inoculation volume on the metabolites 
accumulation, a high inoculum size might produce too much biomass which resulted in the depletion 
of the nutrients necessary for productivity, accumulation of toxic substances and the reduction of 
dissolved oxygen. (Song et al., 2012). Nguyen and Tran (2018) found that the optimum antimicrobial 
production by Bacillus megaterium was recorded when 20 % inoculum was added to culture medium.   
Lotfy et al. (2019) reported that antibacterial compound produced by Bacillus subtilis AD35 obtained 
at inoculum size concentration of 1% (v/v). Further increase in inoculum size drastically reduced the 
compound production. 

 
Fig. 6: Effect of different inoculum size on production of bioactive compounds under static conditions 

for 72 h, at 30 ºC and pH 7. 
 
Chemical characteristics of the compounds 

Different solvents were used for extraction of antifungal antibiotics. Among these solvents only 
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absence of sugar moiety (Data not shown). The above results confirm the lipopeptide nature of the 
compound. Similar results for other lipopeptide compounds, produced by Bacillus subtilis, have been 
reported (Bezza and Chirwa, 2015). The UV-vis spectrum of the compounds showed absorbance 
maxima at 273 and 233 nm (Fig.7). The purified lipopeptide of B. subtilis KLP2015 showed absorbance 
maxima at 273, 222 and 216 nm (Meena et al., 2020). The lipopeptide displayed maximal absorbance 
between 220 and 240 nm, which is characteristic of proteins and peptides (Nam et al., 2015). 
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Fig.7: UV-vis spectra of purified lipopeptide of Bacillus sp. 

 
In the FTIR spectra of the purified lipopeptide (Fig. 8), a peak at 3326.6 cm-1 depicted the carbon-

containing compound with the amino group (N-H stretching) that indicated the LP nature of this 
molecule. Peak at wave number 2980.18 cm-1 showed the C-H stretching in the long alkyl chain. Peak 
at 1644.52cm-1 revealed the presence of CO-N stretching in the peptide bond in the lipopeptide 
molecule. The absorption at 1043.35 cm−1 indicated a C–O stretch. The peaks observed at the 800–600 
cm−1 range revealed the presence of C–H bend aliphatic chain. FTIR spectra of the purified isoforms 
showed very close resemblance to the IR absorption pattern displayed by fengycin and surfactin (Deng 
et al., 2016). 

 
Fig. 8: FTIR spectrum of purified lipopeptide of Bacillus sp. 

 
Mass spectrometry was carried out to determine the molecular weights of the antifungal 

compounds produced by Bacillus strain. The mass spectrum revealed the presence of compounds with 
molecular mass ions in the range, m/z 978- 1 026 and m/z 1445-1560, which were assigned as surfactins 
and fengycins respectively (Pathak et al., 2012). In this study, Bacillus sp. could coproduce surfactins 
and fengycins. Its broad-spectrum antifungal activity could be due to these surfactins and fengycins. 
The latest researches show that most of the Bacillus can produce one type of lipopeptide and a few can 
produce two or three types of lipopeptides (Pecci et al., 2010). 
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Fig. 9: LC- MS spectrum of lipopeptides from Bacillus sp. 
 

Characterization of lipopeptides-adsorbed nanoclays 
FTIR was used to explore the molecular environment of the nanoclays after interaction with 

lipopeptides (Fig. 10). The common features in the FTIR spectra of nanoclays were the presence of 
characteristic bands around 3456 cm-1 attributed to the –OH stretching vibration of structural hydroxyl 
groups, 1640 cm-1 related to the –OH deformation of water and 1058 cm-1 assigned to siloxane (Si–O) 
stretching vibration. In particular, bentonite showed a band around 3420 cm1 related to the –OH 
stretching of water, indicating an Si–OH interaction with physisorbed water, This band appears broad 
and weaker in the sample with lipopeptides. Adsorption and binding of peptide molecules by nanoclays 
involve a variety of physical and chemical interactions, such as cation exchange, electrostatic 
interactions, hydrophobic affinity, hydrogen bonding and van der Waals forces (Yu et al., 2013). 
Electrostatic attractions play an important role in the interaction of organic substrates with clay where 
lipopeptides have a net positive charge of from +1 to +4 and likely interacts with the negatively-charged 
surfaces of the clay minerals. However, the intensity of Si–O bands at 1058 cm-1 was weaker in sample 
with lipopeptides, which indicate a possible interaction between the peptide with the nanoclays by the 
formation of hydrogen bonds (Non-electrostatic interactions). 

Fig. 10: FTIR spectra of nanoclay before and after lipopeptides adsorption. 
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Particle- size distribution of the nanoclay and lipopeptides adsorbed on nanoclay by DLS analyses were 
presented in fig (11a, b). The mean hydrodynamic diameter of the nanoclay was found to be 
approximately 129.5 nm. Furthermore, the average particle size distribution of lipopeptides adsorbed 
on nanoclay value 168.3 nm did not change much from that observed with nanoclay only. (fig12b). This 
is the first report on adsorption of lipopeptides on nanoclay with less increased in the size of nanoclay 
and this can account for the enhanced antifungal activity of lipopeptides as a bio-nano-fungicide.    

Fig. 11: Particle- size distribution of nanoclay (a) and lipopeptide adsorbed on nanoclay (b) 
 

In order to check the morphology and support the formation of bio-nano-fungicide, TEM 
micrograph is presented in Fig (12 a, b). it was shown the spherical particles of nanoclay whose 
diameters were 22.4 nm, 27.9 nm, 36.5 and 43.2 nm. (Fig.12 a). After lipopeptides adsorption 
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morphological differences were observed by TEM images (Fig. 12 b). Similarly, the size of nanoclay 
showed slight increase with average particle ranging from 53.2 nm to 73 nm with a mean of 64.5 nm . 
it is observed that the aggregation of the particles was limited and the bio-nano-fungicide uniform in 
shape and nano-spheres in  size. 

 

 
Fig.12: TEM image of nanoclay (a) and bio-nano-fungicide (b). 

 
Evaluation of the antifungal activity of bio-nano-fungicide 

As shown in Fig. (13), the bio-nano-fungicide exhibited a significant inhibition of the pathogen 
growth compared to the untreated control. Mycelial growth reduction reached 92% at low percentages 
of bio-nano-fungicide (50 ppm) in comparison to the untreated control. An increase in the concentration 
of the bio-nano-fungicide induced a significant increase in fungal growth inhibition. It means that 
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mycelium growth of Rhizoctonia solani was strongly reduced by bio-nano-fungicide in low 
concentration. 

 
Fig. 13: Antifungal activity of bio-nano-fungicide  against Rhizoctonia solani at different 

concentrations. 
 
Storage stability test  

Nanoclays-immobilized lipopeptides maintained higher activity during 12 months at room 
temperature in comparison with the free lipopeptide (Fig. 14). During the first three months, there was 
5.5% drop in activity and after 12 months the activity declined by 22%. At the same storage time, a 
total loss of free lipopeptides was observed. The above results showed that the bio-nano-fungicide had 
very good storage stability at room temperature. 

Fig. 13: Effect of 12 months of storage at room temperature on the activity of free and immobilized 
liopopeptide 
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Application of bio-nano-fungicide in green house 
The bio-nano-fungicide positively increased the fresh, dry weight and length of both shoots and 

roots over all dipping periods, compared with the chemical fungicide ATrio (positive control). At zero 
time dipping, only 22 % disease incidence could be observed using the bio-nano-fungicide, compared 
with 33% with the ATrio. We demonstrated that bio-nano-fungicide was effective in controlling R. 
solani, suggesting that it has both protective and curative activities. Most chemical fungicides used in 
controlling plant diseases are aimed at preventing only infection. When present in the rhizosphere, 
protective fungicides prevent infection by inhibiting mycelial growth. Curative fungicides, on the other 
hand, are absorbed by plant tissues and induced systematic resistance against the already- established 
fungal hyphae (Ali et al., 2016). 
 
Table 2: Effect of various treatments on fresh and dry weight, length of roots and shoots of potato 

infected by R. solani 

Treatments 
Immersion 

time 
(min) 

Root Shoot 
% 

Disease 
incidence 

Fresh 
weight 

Dry 
weight 

Length 
(cm) 

Fresh 
weight 

(g) 

Dry 
weight 

(g) 

Length 
(cm) 

Control infested 
(negative control) 

 0.4 0.07 3.5 16 1.5 10.3 
 

100 

Control ATrio 

zero  0.6f 0.1f 6.25f 10f 0.50f 24f 33 
10  0.5g 0.09g 6.14g 9.2g 0.44g 22.6g 22 
20  0.28h 0.07h 6.04h 8.12h 0.32h 21h 0 
30  0.25i 0.06i 5.9i 6.25i 0.24i 20.6i 0 
60  0.2j 0.04j 4.7j 4.7j 0.17j 19.5j 0 

Bionano 
fungicide 

zero  1.26e 0.33e 8.33e 28.6e 3.6e 30.33e 22 
10  1.72d 0.426d 9d 40.7d 4.86d 33.6d 17 
20  1.91c 0.47c 10.33c 42c 5.06c 37.6c 0 
30  2.73b 0.64b 13.6b 43b 6.06b 40.3b 0 
60  3.37a 0.88a 26.3a 56a 6.41a 43a 0 

Means with letters of the same assessment are not significantly different (p< 0.05). 

 
 
Conclusion 

Lipopeptides were successfully extracted from Bacillus sp. GRP. In addition, the  results of this 
study show that nanoclay, a novel natural nanomaterial, is a suitable support material for Lipopeptides 
immobilization. Compared with free Lipopeptides, nanoclay-immobilized lipopeptides (bio-nano-
fungicide) showed an increased stability at storage time. Moreover, nanoclay-immobilized 
Lipopeptides (bio-nano-fungicide) exhibited enhanced biocontrol efficiency in soil. All these results 
suggest that bio-nano-fungicide from Bacillus sp. GRP could be considered as a promising alternative 
to chemical pesticides. 
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