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ABSTRACT

The opportunistic pathogen Aspergillus flavus infects a vast range of agricultural crops and
products, before and during harvest, handling, shipment and storage and can produce aflatoxins out
of which Aflatoxin B1 was classified as group | human carcinogens by International Agency for
Research on Cancer. This mitotic fungus produces sclerotia which can resist unfavourable
environmental conditions by remaining dormant for long periods and may contain a considerable
quantity of aflatoxins. Subsequently, sclerotia possess threat to contaminate the food chain and
spreading of infection by adhering to crops in the field or during transportation. Thus suitable
fungicides need to be explored for the management of sclerotia and Aspergillus flavus. Hence in the
current investigation, the effect of three commercial fungicides indicated as CD, MZ and CH having
active compositions Carbendazim 50%, Mancozeb 75% and Copper Hydroxide 77% respectively,
was tested on sclerotia of aflatoxigenic Aspergillus flavus and the subsequent inhibition of mycelia
growth and aflatoxin production was observed for two generations. Variation in colony
characteristics could not be observed in either generation. Carbendazim and Mancozeb were found

*Corresponding author: E-mail: shubhransu.crri@@gmail.com;




Nayak et al.; CJAST, 26(2): 1-10, 2018; Article no.CJAST.38825

better than Copper Hydroxide fungicide for the inhibition of the germination of sclerotia but
Mancozeb inhibited mycelia growth. Carbendazim and Copper Hydroxide had reduced the ability of
the fungus to produce aflatoxin B1 whereas Mancozeb elevated the aflatoxin B1 production in the
first generation. A. flavus cultures had no difference in Aflatoxin production in the second
generation. Both mycelia growth and aflatoxin B1 production could not be inhibited by the same
fungicide used in this study. Considering the deleterious effect of aflatoxins on human, animal health
and agriculture, strategies need to be devised for the careful selection of fungicides to control

Aspergillus flavus.
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1. INTRODUCTION

The ubiquitous fungus Aspergillus flavus is
mainly known as an opportunistic pathogen and
abundantly found mostly in tropics where hot and
humid climate exit in the most part of the year.
Apart from causing invasive Aspergillosis in
humans, mycoses in animals and many diseases
in insects, the awful part of this fungus is that it
infects a vast range of agricultural crops and
products before and during harvest, handling,
shipment and storage [1,2]. In case of acute
infestation under poor storage conditions, it can
produce aflatoxins in many crops like maize,
wheat, sorghum, oilseeds, cotton seeds, fresh
and dried vegetables, spices, cattle feed and
rice. Aflatoxins are a group of mycotoxins which
include aflatoxin B1 (AFB1), aflatoxin B2 (AFB2),
aflatoxin G1 (AFG1) and aflatoxin G2 (AFG2) are
considered as highly toxic and carcinogenic
compounds that cause disease in livestock and
humans. The International Agency for Research
on Cancer (IARC) has clarified AFB1 in the
group | as human carcinogens [3-5].

Furthermore, this mitotic fungus produces
specialized resistant structures known as
sclerotia which are pigmented, compact

aggregates of specialized hyphae derived from
cleistothecia and may represent a vestige of
ascospore production. Sclerotia are important
survival structures, stored with reserve food
materials hence can resist unfavourable
environmental conditions by remaining dormant
for long periods [6-10]. This makes the control of
this fungus very difficult by various means like
the application of chemical fungicides. Further,
the dormant sclerotia may adhere to the surface
of seeds and grains and may cross geographical
boundaries during national and international
transport. In addition to that, the sclerotia may
also contain a considerable quantity of aflatoxins
which may contaminate the food chain [7].

Many commercial fungicides synthesised from
various chemical constituents like Carbendazim,

Copper Hydroxide, Mancozeb, Tridemorph,
Triadimenol, Difenoconazole, Miconazole and
Fenpropimorph etc. are available in the market
and they have the potential to control the
vegetative growth, spore germination and
aflatoxin production by Aspergillus flavus and
other fungi [11-14]. At the same time, many of
these fungicides under sublethal or sub-inhibitory
dosage might cause morphological as well as
physiological alterations in pathogenic fungi.
Subsequently, these alterations might lead to the
increased growth, enhanced production of
aflatoxins [15-18] and other mycotoxic secondary
metabolites. Even emergence of fungicide-
resistant strains was observed [19-24]. Some
fungicides can induce mutations in pathogens
which are extremely dangerous environmental
factors that could lead to the emergence of
pathogens with increased aggressiveness and
adaptability to agrocenosis conditions [25].

However, information regarding the effect of
these fungicides on sclerotia germination and
subsequent deliberations is lacking. Hence, an
attempt was made in the current investigation to
study the preliminary effect and efficiency of
three commercial fungicides symbolised as CD,
MZ and CH to reduce and restrict the
germination of sclerotia of an aflatoxigenic
Aspergillus flavus. The active ingredients of the
fungicides were Carbendazim, Mancozeb and
Copper Hydroxide respectively. The subsequent
germination & mycelia growth of fungicide-
treated sclerotia on culture media and aflatoxin
production were also studied to observe the long-
term effect.

2. MATERIALS AND METHODS

2.1 Isolation of Aspergillus flavus (A28)
Isolate and Sclerotia

The Aspergillus flavus (A28) culture was
collected from Dr. (Mrs.) U. Dhua’s laboratory,
Crop Protection Division, National (previously




Central) Rice Research Institute, Cuttack, India.
The A. flavus was isolated from indoor air of
farmer’s house around the paddy storage area.
This A. flavus isolate was chosen since it already
proved to produce high amounts of aflatoxins
(>10 pg/ml) and sclerotia. For the current study,
sclerotia were harvested using a small paint
brush from mature culture. After washing with
sterilised water to remove spores, the sclerotia
were then blot dried and finally completely dried
using vacuum pump. The dried sclerotia were
used for interaction with fungicides in vitro.

2.2 Interaction of Sclerotia of A-28 with
Fungicides

Three commercial fungicides which were
commonly used by farmers and available in the
market were used in the current study. The aim
of the current study was never to defame the
makers of the fungicides hence the trade names
have not been revealed. The fungicides were
indicated by their active ingredients which are as
follows: CD (50% Carbendazim w/w), MZ
(Mancozeb 75% w/w) and CH (Copper
Hydroxide 77% w/w). Based on the composition
of active ingredient two concentrations were
prepared such as 0.1% and 0.15% for MZ and
CH. For CD 0.1% and 0.05% were taken. The
concentrations of the fungicides were selected
based on the recommendations which farmers
usually follow to spray in their fields to control
fungal diseases. All fungicidal solutions were
prepared with sterilised distilled water. After
dissolving, the fungicide solutions were kept in
60mm sterile Petri plates and exposed to UV for
30 minutes inside laminar air flow hood to avoid
possible microbial contamination and then filter
sterilised using a vacuum pump. An aliquot of
25ul from this solution was taken in cavity slides
and then 20 numbers of uniformly sized sclerotia
were kept in the solution. Sclerotia were also put
in sterilised water to be considered as untreated
control. The cavity slides were kept in humid
chambers at 28°C and allowed to interact with
fungicides for 24 hours without exposing the
humid chamber to open air. The germination of
sclerotia and formation of germ tubes were
observed under 4X objective 15X eyepiece of an
Inverted tissue culture microscope (Radical).
Microscopic photography was done with a digital
camera (Sony Cyber shot). Germination and
growth of individual sclerotia were observed and
scored with 1 to 5 evaluation scale as: 1- Zero
(no growth), 2- Poor, 3- Moderate, 4-Good and 5-
Very good. The average mode was taken into
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consideration for the evaluation of sclerotia
germination for each treatment and control.

The fungicide-treated sclerotia were then
inoculated in Petri plates containing pB-
Cyclodextrine-Potato Dextrose Agar media (-
CD-PDA) and incubated at 28°C. Composition 3-
CD-PDA /Litre: Peeled potato-250 g, Dextrose-
20 g (Hi-media), B-Cyclodextrine-6 g (Hi-media)
and Agar-15g. Untreated sclerotia were
inoculated in the same media as a control.
Observations were taken for comparison of
mycelia growth and aflatoxin production with
untreated control. Inhibition of mycelia growth
was calculated as below:

Colony area of Colony area
Control —  of treatment
> 100
Colony area
of control

Colony area =1 r?

The cultures raised by this process were
considered as a fungicidal interacted first
generation. From these plates, toxin extraction
was also done after ten days. Sclerotia from first
generation isolates were again interacted in the
same fashion with the same concentration of
fungicides to raise the second generation.
Inhibition of mycelia growth and aflatoxin
production was also observed for the second
generation. Statistical calculations for
significance were done using ANOVA of the MS
Excel format.

2.3 Extraction of Aflatoxin

Toxin extraction was done as follows: Mycelia
along with media and sclerotia were ground
properly with 25 ml of extraction buffer (60%
Methanol containing 0.5% KCI) in a sterilised
mortar and pestle [26]. The solution was
vortexed for proper mixing and then centrifuged
at 12000 rpm for 10 minutes at 4°C. After
filtration the supernatant was vacuum evaporated
to 10 ml and then used for detection of aflatoxin
B1 by Thin Layer Chromatography (TLC).

2.4 Detection of Aflatoxin B1 by TLC

20 g of Silica gel G (Hi-media) mixed with 40ml
of distilled water and applied manually on a clean
glass plate (22x21 cm) to make a thin and
uniform gel. After drying properly it was kept
inside oven at 121°C for one hour and then



cooled at room temperature. An aliquot of 20 pl
each from aflatoxin B1 standard (Hi-Media, India)
and sample was spotted at 4 cm above the
bottom of the plate. Development of plate was
done with 100 ml of developing solvent
containing Chloroform to Acetone at 90:10
proportions. The distance travelled by the solvent
front was observed. After development, the plate
was dried and spots were visualised and
documented under 360 nm on UV
Transilluminator (G-Box).

3. RESULTS

The effect of three commercial fungicides
indicated as CD, MZ and CH having active
compositions Carbendazim 50%, Mancozeb 75%
and Copper Hydroxide 77% respectively, were
tested on sclerotia of aflatoxigenic Aspergillus
flavus and the subsequent inhibition of mycelia
growth and aflatoxin production were observed
for two generations. Carbendazim and Mancozeb
were found to be very effective in all
concentrations to inhibit the germination of
sclerotia in vitro as no germ tubes were observed
under the microscope and thus germination
evaluated with average mode of 1in a 1 to 5
scale (Table 1 & Fig. 1). However, germ tubes
have been formed by sclerotia treated with 0.1%
and 0.15% of Copper Hydroxide fungicide though
the germination was poor with the evaluated
average mode of 2. The range of germination
was poor to moderate (mode value 2-3) in this
case. Moderate germination (average mode 3)
was observed in untreated control i.e. sclerotia
kept in sterilised water.

The fungicide-treated and untreated sclerotia
were then inoculated in B-CD-PDA media to
examine any possible effect on mycelia growth
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and aflatoxin production in the first generation.
Inhibition of periodic mycelia growth was found to
be more in sclerotia treated with Mancozeb. The
colony areas of the culture, in this case, were
inhibited up to 19.5% and 43.7% by 0.1% and
0.15% of Mancozeb respectively in the third day
after inoculation in media (Table 2). Inhibition of
colony area in cultures developed from sclerotia
treated with other fungicides in all concentrations
was much less and not significant. Culture
characters were not significantly varied between
treatments and control on the third day, however,
pro-sclerotia were observed more in cultures
developed from Copper Hydroxide and
Mancozeb treated sclerotia (Fig. 2). As far as
aflatoxin B1 production is  concerned
Carbendazim and Copper Hydroxide were found
to be effective in comparison to Mancozeb.
Cultures developed from sclerotia treated with
0.1% and 0.05% Carbendazim produced less
than and equal to 2 pg/ml of aflatoxin B1
respectively in comparison with untreated control
where the amount of aflatoxin produced was
equivalent to 10 pg/ml. Cultures developed from
sclerotia treated with 0.1% and 0.15% of Copper
Hydroxide fungicide produced less than 10 pug/mi
aflatoxin B1. However, in case of Mancozeb
treatment aflatoxin B1 production was found to
be more or equivalent to 10 pg/ml in first
generation interaction (Fig. 3).

Sclerotia from first generation cultures were
harvested and treated with same fungicides in
the same fashion to raise second generation
cultures. Inhibition of colony area followed the
pattern as of the first generation where inhibition
was found in cultures raised from sclerotia
treated with Mancozeb. The inhibition was 21.1%
and 24.8% by 0.1% and 0.15% of Mancozeb
respectively on the third day of incubation.

Table 1. Effect of fungicides on germination of A. flavus sclerotia

SI. Fungicides Concentrations *In 1-5 scale evaluation  *In 1-5 Remarks
No. tested of fungicide of germination/growth scale
tested % of sclerotia range
(Average mode)
1. CDh 0.05 1 1 No germination
0.1 1 1 No germination
2. CH 0.1 2 2-3 Poor germination
0.15 2 1-3 Poor germination
3. Mz 0.1 1 1 No germination
0.15 1 1 No germination
4. Water (control) - 3 3-4 Moderate germination

*In 1-5 scale, evaluation of germination/ growth of A. flavus sclerotia
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A- MZ 0.1%
B- MZ 0.15%

C-CH0.1%
D- CH 0.15%

G & H-
untreated control

E- CD 0.05%
F-CD 0.1%

Fig. 1. Formation of germ tubes in fungicide-treated sclerotia in cavity slides

Negligible inhibition in mycelia growth was
observed by treatments with other fungicides
(Table 3). Culture morphology also didn’t show
drastic variation between control and fungicide
treatment. However, the formation of pro
sclerotia was more in cultures raised from
sclerotia treated with Mancozeb (Fig. 4). Again in
case of Mancozeb treatment, aflatoxin B1
production was found to be more than the
untreated control (Fig. 5).

4. DISCUSSION

Although bio-pesticides are slowly replacing the
chemical pesticides, a complete global look at
the scenario indicates that chemical pesticides
like fungicides are still applied as a major
approach to control pathogens and diseases of
crops. Infection of crops by aflatoxigenic strains
of Aspergillus flavus may commence in the
agricultural field hence fungicides are necessarily
to be used [1,2]. Reports regarding the overall
evidence concerning the effectiveness of
fungicides are contradictory and in certain cases
somewhat unexpected. Sarita et al. [11] found
Carbendazim to be most effective in reducing the
seed borne mycoflora and enhancing the

germination  percentage of mung bean
(Phaseolus aureus Roxb.). Similarly, Rathod et
al. [13] found Carbendazim and Mancozeb to be
more repressive than other fungicides in control
of seed-borne fungi of Groundnut. Mycotoxigenic
fungi like Aspergillus flavus and other Aspergillus
species have been very sensitive to
Carbendazim even in a concentration of as low
as 0.25% [14]. However, the effect of fungicides
on sclerotia of aflatoxigenic A. flavus has not
been demonstrated in similar studies. In the
current investigation three chemical fungicides
indicated as CD (Carbendazim), CH (Copper
Hydroxide) and MZ (Mancozeb) (not revealing
the trade names of fungicides) have been found
to be effective in controlling the germination of
sclerotia in vitro whereas some growth was
observed in sclerotia treated with CH. Under
experimental purpose, fungicides are mixed
directly in growth media to observe the effect on
the formation of mycelia, spores and aflatoxin
production. But the subsequent changes in the
pathogen strain treated with fungicides also need
to be ascertained. The reason behind this is the
availability of reports in the literature about the
enhancement of growth and production of
aflatoxin due to some fungicides. In the present



study, the fungicide-treated sclerotia were grown
on culture media to examine any possible
consequences in mycelia growth and aflatoxin
production of A. flavus in two successive
generations. Overall it was witnessed that
Mancozeb was most effective in the inhibition of
mycelia growth and Carbendazim was effective
in inhibition of aflatoxin production by A. flavus in
successive two generations. Mancozeb in both
generations increased the production of aflatoxin
B1 and sclerotia formation. The rapid decrease
of the effect of MZ from first to the second
generation might be due to the possible
appearance of a rapid resistance mechanism
which opened the door for further vigorous
studies.

The use of fungicides can be very attractive to
varying degrees in reducing mycotoxigenic
fungal load, but one must be aware that under
sublethal and lower concentrations these may
increase fungal biomass and also stimulate the
mycotoxin production and may alter the relative
proportions of the component aflatoxins [18].
Even the previously discussed Carbendazim at
lower concentrations (25-100 ppm) stimulated
the growth of Aspergillus flavus, A. ochraceus
and A. versicolor and aflatoxin B1 production,
whereas at higher concentrations (2000-3000
ppm) growth and toxin production were
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completely inhibited [16]. In a classic case of
study by Bayman and Cotty [15], up to 80%
inhibition in radial growth of aflatoxigenic A.
flavus was obtained by 100ppm of fungicide
Triadimenol but at the same time maximum of
700 fold increase in aflatoxin production was also
observed. Similarly, treatment of wheat crop with
Mancozeb was found to elevate the production of
aflatoxin B2 while AFB1 and deoxynivalenol, on
the contrary, were reduced [17].

Table 2. Periodic inhibition of mycelia growth
developed from sclerotia of Aspergillus
flavus (A-28) treated with fungicides. Mycelia
growth on B3-CD-PDA is shown for first
generation interaction

Fungicide Periodic inhibition

treatments percentage*
Day-1 Day-2 Day-3

Mancozeb (0.1%) 39.7 35.7 19.5

Mancozeb (0.15%) 64.4 60.5 43.7

Copper hydroxide 0.0 2.1 15

(0.1%)

Copper hydroxide 9.0 18.7 11.6

(0.15%)

Carbendazim 3.0 1.0 0.0

(0.05%)

Carbendazim 15.7 12.8 5.0

(0.1%)

* Inhibition in terms of colony area is shown here,
LSD at p<0.05is 7.32, LSD at p<0.01 is 9.8

A- MZ 0.1%
B- MZ 0.15%

C-CH0.1%
D-CH 0.15%

G & H-
untreated control

E-CD 0.05%
F-CD 0.1%

Fig. 2. Colony morphology of cultures developed from fungicide treated sclerotia and
untreated control in first generation
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MZ CH CH cD cD
0.15% 01%  015% 0.05% 01%

Fig. 3. Aflatoxin B1 production by A. flavus cultures in the first generation developed from
sclerotia treated with fungicides and untreated control. The intensity of blue illuminated spots
corresponds to the quantity of aflatoxin B1

Table 3. Periodic inhibition of mycelia growth
developed from sclerotia of Aspergillus
flavus (A-28) treated with fungicides. Mycelia
growth on B-CD-PDA is shown for second-
generation interaction

Fungicide Periodic inhibition
treatments percentage*
Day-1 Day-2 Day-3
Mancozeb (0.1%) 6.8 7.7 211
Mancozeb (0.15%) 6.8 8.0 24.8
Copper hydroxide (0.1%) 0.0 0.0 3.0
Copper hydroxide 0.0 0.0 3.2
(0.15%)
Carbendazim (0.05%) 0.0 1.0 1.8
Carbendazim (0.1%) 0.0 1.0 2.5

* Inhibition in terms of colony area is shown here,
LSD at p<0.05is 1.57, LSD at p<0.01is 2.15

A- MZ 0.1%
B- MZ 0.15%

C-CHO0.1%
D-CH 0.15%

Apart from Aspergillus flavus and aflatoxins
many other studies have also reported the hike in
production of other mycotoxins by mycotoxigenic
fungi caused by fungicidal treatments. Hysek et
al. [19] observed an increase in the production of
Deoxynivalenol (DON) in Spring Barley after
treatment with the Fungicides Azoxystrobin and
Tebuconazole. Carbendazim has been found to
reduce fungal biota, but stimulated Ochratoxin A
(OTA) production, while Fenhexamid, Mancozeb,
and Copper Hydroxide plus copper also
enhanced infection and OTA production in
grapes [20]. Miguel et al. [23] found that
treatment of Fusarium verticillioides with
fludioxonil + metalaxyl-M reduced the mycelia
growth effectively but a 10 fold increase in
sporulation and 3.5 fold increase in fumonisin
production was observed simultaneously.

E-CD 0.05%
F-CD 0.1%

G & H-
untreated control

Fig. 4. Colony morphology of cultures developed from fungicide treated sclerotia and
untreated control in second generation
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MZ-0.1% MZ-0.15%

2pgiml  Spgimil  10pgimi 25pg/mil

Afatoxin Standards

Control-AZ8

CH-0.1% CH- 0.15%

2pgiml  S5pgiml 10pg/mi 25pg/ml

Afatoxin Standards

Control-A28

CD- 0.05%

CD-0.1%

Fig. 5. Aflatoxin B1 production by A. flavus cultures in the second generation developed from
sclerotia treated with fungicides and untreated control. The intensity of blue illuminated spots
corresponds to the quantity of aflatoxin B1

Suboptimal doses of triazole fungicides
transcriptionally  activated the trichodiene
synthase gene in F. graminearum. The
accumulated results of Popiel et al. [24] showed
that mycotoxin production by surviving mycelium
could be enhanced when effective fungicides like
Carbendazim was applied to a full-grown
pathogen. It could thus be concluded that the
expression of mycotoxin biosynthetic genes is
strongly influenced not only by the amount or the
type of antifungal compound but also the timing
of fungicide exposition relative to mycelium
growth. Beyond all these observations, the
induction of mutations in many pathogens
(Boftrytis cinerea) by the fungicides resulted in
the evolution of resistant strains which is an
alarming situation [22].

Sclerotia are resistant structures formed by the
aflatoxigenic fungi which can stay dormant during
unfavorable conditions containing aflatoxin in
some cases. Further, those may adhere to crops
and crop residues and may cross geographical
boundaries thus spreading the infection. Hence
inactivation of these defiant structures turns
necessary by careful selection of fungicides.

5. CONCLUSION

The increase in global human population put
pressure on farming communities to yield more
agricultural crops which in turn intensified the use
of agrochemicals like fertilizers, pesticides,
hormones etc. The appearance of new crop
diseases and unprecedented increase in
pathogen population lead to the inordinate use of
antimicrobial chemicals like fungicides. As in the
line of literature, in the current study also, no

fungicide used was found to be effective in
controlling both mycelia as well as aflatoxin
production. Therefore careful selection should be
made while opting for chemical fungicides to
inhibit mycotoxic fungi like Aspergillus flavus.
Though these chemical fungicides have been
broadly effective in controlling many of crop
diseases but simultaneously raised many
environmental as well as health issues. Hence,
the use of alternative management perspectives
like bio-pesticides, microbial pesticides,
botanicals etc. may be tried for sustainable
agriculture and better future of world health.
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