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Abstract

Previous domestic and foreign studies have shown the significant effect of Talaromyces flavus on growth inhibition
of some important plant pathogens including Verticillium dahliae, Fusarium oxysporum f. sp. lycopersici and Fusarium
oxysporum f. sp. cucumerinum. In Iran, it is necessary to produce new formulations of this fungus based on modern
technologies given the importance of attracting companies producing biological control agents and transferring the
technical knowledge of mass production of formulations of these agents to them. In the present study, based on
the method presented in the Pesticide Research Department of the Iranian Plant Protection Research Institute, two
types of T. flavus formulations in the form of nano-capsules containing Talaromyces flavus with two forms of powder
and suspension were prepared using nanotechnology. In the next step, during the greenhouse examination, the
efficiency of each of these new formulations in concentrations of one to five per thousand for soil addition method
and concentration of five per thousand for seed impregnation method (six treatments for each of the two new
formulations) was compared with the registered formulation of Talaromin in two methods of seed impregnation
and soil addition with healthy control and infected control to control cotton Verticillium wilt disease, in the form
of a randomized complete block design with 16 treatments and 5 replications. After statistical analysis of the
data obtained by Duncan’s Multiple Range Test by MS TAT C software, the results showed that in terms of disease
severity among treatments with the previous formulation (Talaromin) with each of the methods of soil addition
and seed impregnation, there was no statistically significant difference between nano-suspension with each of
the concentrations of one, four and five per thousand by the soil addition method and nano-powder with each of
the concentrations of two and three per thousand by soil addition method, and the mentioned treatments were
included in one statistical group in terms of disease severity with healthy control.

Keywords: nano-formulation, Talaromyces flavus, biological control, plant diseases.

Resumo

Estudos anteriores nacionais e internacionais mostraram o efeito significativo de Talaromyces flavus na inibi¢do do
crescimento de alguns importantes patégenos de plantas, incluindo Verticillium dahliae, Fusarium oxysporum f. sp.
lycopersici e Fusarium oxysporum f. sp. cucumerinum. No Ird, é necessario produzir novas formulagdes desse fungo
com base em tecnologias modernas, dada a importancia de atrair empresas produtoras de agentes de controle
biolégico e transferir para elas o conhecimento técnico de produ¢do em massa das formulagdes desses agentes. No
presente estudo, com base no método apresentado no Departamento de Pesquisa de Pesticidas, do Instituto [raniano
de Pesquisa em Protecdo de Plantas, dois tipos de formulagdes de T. flavus, na forma de nanocapsulas contendo T.
flavus com duas formas de p6 e suspensao, foram preparados usando nanotecnologia. Na etapa seguinte, durante
0 exame em casa de vegetacdo, a eficiéncia de cada uma dessas novas formula¢des em concentra¢des de um a
cinco por mil para o método de adigdo de solo e de cinco por mil para o método de impregnacao de sementes (seis
tratamentos para cada uma das duas novas formulagoes) foi comparada com a formulacdo registrada de Talaromin
em dois métodos de impregnacdo de sementes e adi¢do de solo com controle sadio e controle infectado para
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controle da murcha de Verticillium do algodoeiro, na forma de delineamento em blocos completos casualizados
com 16 tratamentos e 5 repeticoes. Ap6s analise estatistica dos dados obtidos pelo Duncan’s Multiple Range Test por
meio do software MS TAT C, os resultados mostraram que, em termos de severidade da doenca entre os tratamentos
com a formulagdo anterior (Talaromin), com cada um dos métodos de adi¢ao de solo e impregnac¢do de sementes,
ndo houve diferenca estatisticamente significativa entre a nanossuspensao com cada uma das concentragdes de
um, quatro e cinco por mil pelo método de adicdo de solo e entre o nanop6 com cada uma das concentra¢des de
dois e trés por mil pelo método de adicdo de solo, e os tratamentos mencionados foram incluidos em um grupo
estatistico em termos de gravidade da doenga com controle saudavel.

Palavras-chave: nanoformulacdo, Talaromyces flavus, controle biolégico, doencgas de plantas.

Introduction

In studies conducted in Iran, the favorable results
of Talaromyces flavus antagonist fungus on controlling
some important soil pathogens such as Verticillium
dahliae, Verticillium albo-atrum, Fusarium oxysporum and
Rhizoctonia solani in several crops including cotton, sugar
beet, potatoes, tomatoes and greenhouse cucumbers
have been proven (Whipps, 2001; Naraghi et al., 2010a;
Naraghi et al., 2010b; Naraghi et al., 2010c; Naraghi et al.,
2012a). Also, application of this fungus in the fields in the
propagated form in solid fermentation on plant residues
or their mixture with peat soil reduced the incidence of
disease and increased yield in the above-mentioned crops.
In cotton, 50% decrease in the percentage of Verticillium
wilt disease, 37% decrease in seedling death and 30%
increase in yield were observed. In potato, 40% decrease
in disease percentage and 17% increase in yield were
observed (Naraghi et al., 2014b). In sugar beet, 93% increase
in the number of healthy seedlings and 50% increase in
yield (Naraghi et al., 2014a) were observed. In tomato,
27% decrease in disease severity and 23% increase in yield
(Niyaetal., 2015) were observed. In greenhouse cucumber,
30% decrease in disease severity and 7% increase in yield
were observed (Naraghi et al., 2017).

Since the issue of marketing and attracting relevant
consumers is important in mass production and
commercialization of biological agents, (Husen et al., 2007;
Alimi et al.,, 2006; Kaewchai et al., 2009; Pereira et al.,
2009; Amatuzzi et al., 2018; Oliveira et al., 2021), the issue
of commercialization of the biological agent T. flavus and
producing its various bio-formulations, including nano-
formulations seems to be necessary. In recent decades,
nanotechnology has expanded significantly in various
chemical, pharmaceutical, medical and chemical pesticides
areas. An issue that requires research and development
in the area of nano-pesticides is the phenomenon of
pest resistance to pesticides. Thus, the introduction of
nano-pesticides to researchers will lead to a boom in
research and development in this relatively new area.
Due to environmental problems and costs due to the
use of large amounts of conventional pesticides as well
as problems due to pest resistance to these pesticides,
research and development in the area of nano pesticides
can be considered as a necessity. The use of biodegradable
polymers in the production of high-performance nano-
emulsions and nano-capsules made from natural and
biodegradable materials can be an effective step in this
regard. To increase efficiency and reduce environmental
hazards, encapsulation formulations seem to be the best
option (Maji et al., 2014).
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Hence, production of bio-formulations in nano and
micro forms creates a controlled ability, increases strength
and stability and protects the active substance in adverse
environmental conditions such as light and moisture. Also,
application of nano-encapsulated formulations helps to
reduce the pesticide dose and cost saving and protect
the environment and reduce its environmental risks and
increase the export of the product (Martin et al., 2010).
Nanoparticles have a larger surface area than micro-
particles, which increases their active surface and their
controlled release. Also, another advantage of particle
nanometers is that they do not stimulate the immune
system of humans and animals and are rapidly eliminated
from the body (Guan et al., 2008).

Nano-capsule technology, which contains fungicide or
pesticide molecules at nanoscale, is one of the methods
to produce a pesticide formulation, making pest removal
easier and faster (Guan et al., 2008). An emulsion is a
heterogeneous system consisting of two immiscible
liquids, one of which is dispersed in the other in droplets.
Emulsions with droplet sizes of about nanometers and
in the range of 20 to 200 nm are called nano-emulsions
(Ostertag et al., 2012). The unique structure and properties
of nano-emulsions compared to conventional emulsions
have created advantages for their application in many
industries. Applications of nano-emulsion systems in
industry include their role in removing the coating and
controlling the release of beneficial compounds such as
essential oils, vitamins, etc. (Kah and Hofmann, 2014).

A tendency to make nanoparticles that are more
degradable in the environment and have high efficiency
has recently received much attention. Thus, the use
of biodegradable polymers in the production of high-
performance nano-emulsions and nano-capsules made
from natural and biodegradable materials such as essential
oils of medicinal plants can be an effective step in this area.
Application, production and environmental considerations
of nano-pesticides show that research and development
can be effective in reducing the phenomenon of pest
resistance to pesticides (Ebrahimnejad et al., 2011). The
nano-formulation prepared by microorganisms such as
bacteria and fungi is used in biological control against
insects and facilitates the entry of agents into the body of
insects (Salunkhe et al., 2011). Pirimphos nano-insecticide
formulation has made this formulation be kept well in
the dark and remain more stable (Wan-Jun et al., 2010).

Nano-formulation extracted from plants against
common pesticide-resistant pests increased pesticide
effect by up to five times (Rajakumar and Rahuman,
2011). Nano-permethrin formulation by evaporation of
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oil solvent in water could show much better effects in
controlling Culex mosquito larvae (Anjali et al., 2010).
The lethal properties of Bacillus thuringiensis have been
examined using chitosan polymer nanoparticles on
Anopheles mosquito larvae (Zhang et al., 2015). In addition,
by using dextrose and gelatin polymers, bio-pesticides
containing Beauveria, Metharhisium and Paecilomyces
against Hypothenemus hampei were prepared (Niranjana,
2004). Beauveria bassiana, a formulation containing silver
nanoparticles, was also used as larvicide (Prabakaran et al.,
2016). In a research on the disinfecting effects of barley
and sunflower seeds with silver nanoparticles containing
fungicide on mycorrhizal coexistence, results showed
that in the treatment of seeds with nano-fungicide
compared to conventional fungicide, the absorption of
minerals by the root and consequently vegetative traits
increased significantly. Coating materials for encapsulation
include gum, starch, gelatin and polymers. Chitosan and
phospholipids have also been used recently. Based on
recent studies, it seems that the use of nano-capsulation
techniques and their components in the control of storage
pests can play a major role in increasing their efficiency
and durability (Prasad et al., 2014).

Many plant compounds that have insecticidal properties
are highly evaporated and sensitive to decomposition.
Loading of plant compounds in nanoparticles leads
to controlled release and delayed decomposition and
evaporation. There are limited articles on the insecticidal
effect of nano-emulsions and nano-capsules loaded with
compounds with pesticidal properties against pests
(Ishaaya et al., 2013). There are several methods for
producing nanoparticles or nano-capsules, for example,
the polymerization method, which is one of the fastest
methods in which aqueous continuous phase is mixed
with the organic continuous phase (Kirthi et al., 2011).
Also, one of these methods is coagulation and ion gel
formation using biodegradable hydrophilic polymers such
as chitosan, gelatin, sodium alginate, which is actually a
mixture of two aqueous phases in a polymer phase such
as chitosan and sodium alginate. In this method, positive
charge in polymer is integrated with negative charge
with crosslinks such as sodium triphosphate or calcium
chloride and form capsules (Ebrahimnejad et al., 2011).

Two reports in the medical and agricultural areas have
been presented so far for the preparation of nanoparticles
from the fungus studied in the present study (Penicillium)
(Priyadarshini et al., 2014; Khan and Jameel, 2016). In the
medical area, the live fungus Penicillium fellutanum was
used to prepare nanoparticles against the pathogenic
fungus Candida albicans, and in the agricultural area,
the extract of the fungus Talaromyces flavus (teleomorph
of the fungus Penicillium dangeardii) was used to
prepare the nanoparticles against some plant pathogens
(Priyadarshini et al., 2014; Khan and Jameel, 2016). In
the last twenty years, there have been significant reports
on the preparation of bio-formulations containing
antagonistic fungi using solid and liquid fermentation
and their optimization at different stages of construction
(Pascual et al., 1999; Budge and Whipps, 2001; Schuster
and Schmoll, 2010; Damaso et al., 2012; Kakvan et al,,
2013; Sargin et al., 2013). For example, Pascual et al. (1999)
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prepared a solid bio-formulation affected by Epicoccum
nigrum on wheat. After examining alcoholic solutions
including glycerol, mannitol and arabitol on sporulation
of this fungus, they reported the most significant increase
in sporulation by glycerol. In addition, Sargin et al.
(2013) compared different drying methods of this bio-
formulation to increase the efficiency of bio-formulation
containing Trichoderma harzianum EGE-K38. Studies have
indicated that the use of compounds containing mineral
elements including manganese, iron, zinc and phosphorus
in production of biological formulations containing
antagonistic fungi has increased their stability (Vasane
and Kothari, 2008; Lee and Lee, 2009).

Method

Bio-formulations such as Ketomium containing
Chaetomium globosum and Ch. Cupreum containing T.
harzianum and T. viride, Soil Gard containing Gliocladium
virens, Trichodex containing T. harzianum, Pisolithus
tinctonus and Glomus intraradices, Trichodermin containing
T. harzianum and Protus WG containing Talaromyces flavus
have been commercially registered outside of Iran so far
(Shabgah et al., 2021; Koch, 1999; Kaewchai et al., 2009).
In Iranian research, the use of Iranian bio-formulation
called H-Trichomix has been reported. Also, in Iran, the
research history for making bio-formulations containing
different T. flavus isolates has been as follows:

T. flavus antagonist fungus was isolated and identified for
the first time in Iran from the soil around the roots of cotton
plant located in a field in a research station of Golestan
province. The results of laboratory studies on the effects
of inhibitory mechanisms of different T. flavus isolates
on the growth of some soil pathogens in several crops
showed that among the studied mechanisms including
mycoparasitism, production of volatile and non-volatile
compounds, and production of volatile compounds has the
highest level of growth inhibition of the Verticillium wilt
agent (V. dahliae). In another research, it was revealed that
common antagonistic mechanisms among T. flavus in three
crops of potato, tomato and greenhouse cucumber were
mycoparasitism and production of volatile compounds
for V. albo-atrum, mycoparasitism for F. oxysporum and
production of non-volatile compounds for R. solani. In other
studies, to use the mentioned fungus in greenhouse and
field, bio-formulation containing it was prepared using
solid substrates including fertilizer grown with earthworm,
wheat straw, wheat bran, rice bran, wheat straw combined
with wheat bran, perlite mixed with sugar supplement and
peat soil mixed with sugar supplement and among them,
the best substrates in terms of efficiency in increasing
sporulation and stability for T. flavus isolates were related
to cotton and potato, and rice bran and for T. flavus isolates,
they were related to tomatoes and greenhouse cucumbers,
peat soil mixed with sugar supplement.

The use of rice bran substrate for T. flavus propagation
has also been reported in research conducted on the
biological control of garlic white rot and the enhancement
of its vegetative traits using the fungus. In addition,
for biological control of seedling death and root rot
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in cotton and cucumber, this substrate has been used
for the multiplication of antagonistic bacteria such as
Pseudomonas fluorescens (Ardekani et al., 2010; Khabbaz
and Abbasi, 2014; Mehdizadehnaraghi et al., 2015). The
results of greenhouse experiments in the area of biological
control with Verticillium wilt disease of potato, tomato
and greenhouse cucumber caused by V. albo-atrum by
bio-formulations containing different isolates of T. flavus
showed that these isolates were significantly effective in
decreasing the disease index and increasing vegetative
traits such as root length, crown length, height, fresh weight
and dry weight of the above plants (Naraghi et al., 2010a,
b, ¢; Naraghi et al., 2012b, c). Also, based on the results
obtained from laboratory and greenhouse studies in the
area of controlling Fusarium wilt factors of greenhouse
cucumber and tomato by bio-formulations containing
different isolates of T. flavus, in addition to determining
the most effective bio-formulation, the method of using
each of them was also determined in tomato fields and
cucumber greenhouses. Also, field studies were conducted
on the possibility of biological control of Verticillium wilt
disease and cotton seedling death, sugar beet seedling
death, Verticillium wilt of potato and Fusarium wilt of
tomato and cucumber using T. flavus bio-formulation. The
results showed that the application of this bio-formulation
in addition to significantly reducing the disease index
also caused a significant increase in yield (Naraghi et al.,
20144, b; Niya et al., 2015).

Results and Discussion

Experimental details

Production of nano-capsulated bio-formulation containing
biocontrol fungus Talaromyces flavus in suspension form

The production of nano-capsule involves a combination
of polymerization and crosslinking methods. It occurred
by making changes in accordance with the growth
conditions of biocontrol fungi (change in the amount or
type of polymer, surfactants and oils, fatty acids and the
amount of stirrer, temperature). In the polymerization
process, the organic phase consisted of castor vegetable
oil with a mixture of biological fungi, which was added
to the aqueous phase consisting of hydrophilic polymer
monomers such as a mixture of polymer alginate, starch

Table 1. Properties of the nano-capsulated bio-formulation.

and chitosan. Then, calcium chloride cross-linker as well
as surfactants and associated materials, and fatty acid
oils were added to two phases, and homogenized at 35 °
C at 5000 to 10,000 rpm. Finally, polymer particles were
formed as capsules around the particles of biological fungi.

Production of nano-capsulated bio-formulation containing
biocontrol fungus Talaromyces flavus in powder form

In powder nano-formulation, the suspension containing
the spores of biological fungi in the aqueous phase was
expanded to include maltodextrine, xanthan gum, fatty
acid, ethanol amid, and oleic acid and after being exposed
to homogenizer for three hours at 12000 rpm at 25 ° C,
it was completely powdered. The properties of the nano-
capsulated bio-formulation and its sizing are presented
in Table 1 and Figure 1 respectively.

Preparation of T. flavus bio-formulation based on previous
technical knowledge (Talaromin)

To prepare a solid formulation, an effective T. flavus
isolate in the collection of fungi of the laboratory of
beneficial microorganism’s research and modified method
of Naraghi et al. (2010a) were used. Accordingly, some rice
bran was soaked in water (30-35 ° C) for 24 hours, and then,
it was spread on large filter paper and was dried. In the
next step, 250 g of rice bran was sterilized in cellophane
bags in an autoclave (1.5 atm, 121 ° C for 20 minutes). In
the next step, to prepare the bio-formulation, a suspension
containing 40 ml of sterile distilled water and six half-cm
pieces of 10-day culture medium of T. flavus isolate was
poured into cellophane bags (Figure 2).

Then, one of the stabilizing compounds such as
dicycloserine or sodium nitrate was added to the culture
media (10 ml of the supplement solution at the rate of
20g/1for 250 g of each medium) based on the amount of
adding supplements (Heidary et al., 2017). For the growth
of T. flavus isolate, the cellophane bag was incubated at
30 ° C for one and a half to two months. During this time,
20 ml of sterile distilled water was added to moisten if
dryness was observed. After this period, the contents of
the cellophane bag were spread on filter paper for drying,
and it was used as a bio-formulation based on previous
technical knowledge.

Material

Temperature 25 RI 1.54

(refractive index)
Count rate 325.7 Dispersant RI 133
Cell Description glass cuvette with square aperture Viscosity 0.887
Duration Used 60 Z-average (r.nm) 8712
Measurement position 4.65 PDI (polydispersity index) 0.257
Attenuator 10 Intercept 0.943
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Size Distribution by Intensity
25
,—\20 Size | Intensity | Width
Sis (r.nm) (%) (r.nm)
i~ Peak 1| 8039 | 845 | 17.37
g10 Peak 2 | 5.005 155 | 0.8315
gs Peak 3 | 0.000 0.0 0.000
0.1 1 10 100 1000 10000
Size (r.nm)

Figure 1. Size distribution of nano-capsul.

1-Ten day cultivation of
funeus

4- Transferring fungus and
stabilizers to cellophane bags

2-Placing rice bran in cellophane bag and
intarancfarring it to autoclave

5- Placing cellophane
bags in 30% incubator

3- Preparation of fungus
suspension

6- Drying the contents of cellophane
bags for using in greenhouse

Figure 2. An overview of the steps of preparing Talaromyces flavus bio-formulation based on previous technical knowledge.

Preparation pathogenic inoculum of cotton Verticillium
wilt and determination of its consumption for greenhouse
use

In this step, VD-Co-P-G-22 isolate (isolate of Verticillium
dahliae obtained from the stem of cotton plant in Gorgan
field) is used to prepare the pathogenic inoculum of
Verticillium wilt. The pathogenicity of this isolate has
been proven in previous studies on cotton. To prepare
the pathogenic inoculum for Verticillium wilt, modified
method of Cimen and Basaran (2016) was used. First, V.
dahliae isolate was cultured on Potato Dextrose Agar
(PDA) medium and stored at 22 + 1 ° C. After ten days and
observing the microsclerotia on the surface of the petri dish,
fungus was cultured on the wheat substrate for 10 days.

Brazilian Journal of Biology, 2024, vol. 84, €262480

For this purpose, 200 g of washed wheat seeds with 50 ml
of distilled water were transferred into each cellophane
bag and after sterilization, it was autoclaved at 120 °C and
1 atm pressure for 15 minutes, fungus suspension was
applied on it. Then, 40 ml of fungus suspension was applied
on it. To prepare the fungus suspension, six 5-mm pieces
of ten-day fungus culture were transferred into 40 ml of
sterile distilled water. The cellophane bags were stored in
a 25 °C incubator for three weeks. Then, the contents of
the cellophane bags were dried on large filter paper, and
were used as a pathogenic inoculum in the greenhouse.
To determine the level of consumption of Verticillium
wilt pathogenic inoculum in the greenhouse based on 200
microsclerot per gram of potting soil (Naraghi et al., 2012c),
the required amount of consumed inoculum was estimated.
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Accordingly, by calculating the number of microsclerotes
per gram of inoculum, the amount of inoculum needed for
the used soil used in each pot was determined.

To determine the number of microsclerots per gram of
inoculum, a suspension of inoculum with a dilution of 0.001
was prepared and the number of microsclerot in 1 ml was
counted by 40% magnification of the Olypmus BX40 LED
Microscope. By multiplying the number obtained in the
dilution coefficient photo, the number of microsclerot
in 1 g of fertilizer was determined and accordingly, the
amount of fertilizer used for the used soil in the pot was
determined.

Evaluating the efficacy of T. flavus nano-formulations in
the control of cotton Verticillium wilt diseases

To evaluate the efficacy of T. flavus nano-formulations
in controlling the studied diseases (cotton verticellium
wilt and Fusarium wilt), two separate experiments were
performed for each of the mentioned diseases. Each
experiment was performed in a randomized complete
block design with 16 treatments and 4 replications. The
treatments included as follows: Treatments 1 to 5: T. flavus
nano-capsule in suspension with concentrations of 1to 5
per thousand in soil addition method. Treatment 6: T. flavus
nano-capsule in suspension by seed impregnation method.
Treatments 7 to 11: T. flavus nano-capsules in powder
form with concentrations of 1 to 5 per thousand in soil
addition method. Treatment 12: T. flavus nano-capsule in
powder form by seed impregnation method. Treatment 13:
registered biological fungicide talaromyces flavus by soil
addition method. Treatment 14: registered biological
fungicide Talaromyces flavus by seed impregnation method.
Treatment 15: healthy control. Treatment 16: infected
control. In these studies, susceptible cultivar of Varamin
was used for cotton plants.

Evaluation of Verticillium wilt disease by determining
the severity of the disease according to Hao et al. (2005)
starts from one month after implantation and will
continue for up to four months (Wokoma, 2008). Finally,
the comparisons among the treatments were performed
by analyzing the data by Duncan’s Multiple Range Test
using MS TAT C software. To determine the severity of the
disease, the incidence of the disease was first determined
by observing its symptoms using a scale consisting of six
grades (Liu et al., 1995) as follows:

0 = no symptoms

1= Leaf chlorosis and plant wilt less than 25%

2=Leaf chlorosis and plant wilt from 25 to 50%

3=Leaf chlorosis and plant wilt from 51 to 75%

4=Leaf chlorosis and plant wilt from 76 to 100%

5=The plant is dead or completely destroyed

Then, the disease severity percentage for each treatment
was calculated according to the formula mentioned for
the pathogenicity test as follows (Equation 1):

Z(nl- ><vl-)><100

infection sevetiry percentage =
NxV
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n: number of plants per grade; v: number of each grade;
N: total number of plants; V: Number of highest grade
of infection (5).

In the soil addition method, the level application of
each of the new formulations for the surface of the tested
pots was calculated based on the application of liquid
biological fertilizers with a concentration of one to six
per thousand and increasing the required amount of each
concentration with 400 liters of water for one hectare of
field (Seefeldt et al., 2001).

Determining the efficacy of T. flavus bio-formulation
based on previous technical knowledge and different
concentrations of nano-capsules containing T. flavus in
the control of cotton Verticillium wilt disease

The test to determine the efficacy of T. flavus
bio-formulation based on previous technical knowledge
and different concentrations of nano-capsules containing
T. flavus in controlling Verticillium wilt disease of cotton
was significant at the probability level of 1%. According
to the results of grouping the mean percentage of disease
severity in different treatments, all treatments were divided
into three statistical groups (Table 1). All treatments
containing each of the nano-suspension and nano-powder
formulations in the method of adding to the soil with
different concentrations and the method of seeding and
Talaromin fungicide with two methods of adding to the soil
and seed impregnation compared to the infected control
have a significant reduction in disease severity (Table 1).
In this regard, seven treatments had a disease severity of
0 and were placed in a statistical group of healthy control
(Table 2). These treatments were: Talaromin by soil addition
method, Talaromin by seed impregnation method, nano-
suspension by soil addition method with concentrations
of one, four and five per thousand and nano-powder by
soil addition method with concentrations of two and three
per thousand (Table 2).

The general results of this study showed that both new
types of nano-capsule formulations containing T. flavus
with two forms of suspension and powder are effective
in reducing the incidence of the disease. The results of
greenhouse studies showed that all nano-formulations
significantly reduced the incidence of the studied disease
compared to the infected control. It suggests that under
greenhouse conditions, there was more time to produce
metabolites and it has been an important factor for
the production of secondary metabolites of T. flavus
(Zabihi et al., 2011; Petersen et al., 2019). The results
of this study revealed that nano-suspension was more
effective at minimum (one per thousand) and maximum
(four and five per thousand) concentrations, while nano-
powder was more effective at moderate concentrations
(two and three per thousand). In addition, among the
nano-capsules tested, the most effective nano-capsule in
controlling the studied cotton disease was nano-powder by
seed impregnation method due to ease of application. No
study has been conducted so far in the area of agriculture
to investigate the effect of nano-fungicides containing
live fungal biological agents on plant diseases. However,
domestic and foreign research results have been reported

Brazilian Journal of Biology, 2024, vol. 84, 262480
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Table 2. Grouping the mean percentage of cotton Verticillium wilt disease severity in different treatments including nano-formulations
containing T. flavus and Talaromin fungicide.

Mean percentage of cotton

Treatment Verticillium wilt disease severity
Nano-suspension containing T. flavus at a concentration of one per thousand by soil 8.13ef*
addition method
Nano-suspension containing T. flavus at a concentration of two per thousand by soil 23.19bcd
addition method
Nano-suspension containing T. flavus at a concentration of three per thousand by soil 17.33bcde
addition method
Nano-suspension containing T. flavus at a concentration of four per thousand by soil 10.91def
addition method
Nano-suspension containing T. flavus at a concentration of five per thousand by soil 10.00ef
addition method
Nano-suspension containing T. flavus by seed impregnation method 26.13abc
Nano-powder containing T. flavus with a concentration of one per thousand by soil 14.00cde
addition method
Nano-powder containing T. flavus with a concentration of two per thousand by soil 12.00def
addition method
Nano-powder containing T. flavus with a concentration of three per thousand by soil of
addition method
Nano-powder containing T. flavus with a concentration of four per thousand by soil 15.60bcde
addition method
Nano-powder containing T. flavus with a concentration of five per thousand by soil 28.00ab
addition method
Nano-powder containing T. flavus by seed impregnation method 20.00bcde
Talaromin by soil addition method 11.33def
Talaromin by seed impregnation method of
Healthy witness of
Infected control 53.36a

*There is no statistically significant difference between the means with similar statistical letters at the 1% probability level.

regarding the production of nano-fungicides containing  Acknowledgements
non-living biological agents and their effectiveness in
controlling plant diseases. A foreign research has referred
to production of nano-fungicides using titanium dioxide
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