Control managements of Aspergillus flavus a main aflatoxin
producers and soil borne fungi on pistachio in Kerman
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Abstract

The pistachio gardens in Iran rival other countries with 280000 hectares and rank first in the world in
terms of annual production 300,000 MTs. Ecological factors for Pistachio planting favor the growth of
Aspergillus flavus which produce aflatoxin as secondary metabolites which reduces Pistachio exports.
It is important to control A. flavus and its aflatoxin production to increase Pistachio exportation in the
country. Soil borne fungi such as Fusarium spp., Phytophthora spp. and verticilium spp. makes also
root rot on pistachio trees which resulted yield reduction. It was necessary to find various ways for
control management of these fungi to control wilting and inhibit toxic production on pistachio. Soil
solarization and biological control application were two best methods for controlling soil borne fungi
and A. flavus which are used in many countries. We used soil solarization method for controlling soil
borne fungal pathogens in Kerman Application of this method reduced population density of the
pathogen from 1100 CFU —g/soil to 300 after 2 weeks and reduced to 100 CFU —g/soil after 4 weeks.
This method was simple, effective, no side effect and economic which can be used in nearly warm

areas.
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Introduction

Pistachio as a commercial output has a special
importance in the agricultural production of some
countries especially in Iran and contains large
portion of non-petroleum exportation. Generally
Iran ranks first in the world in terms of pistachio
production and harvested area but it does not
benefit from high position in global marketing due
to exporting challenges. So, it is necessary that Iran
observe international standards and make
investments in marketing and exporting processing
industries and find new target markets for this
product. Normally, existing position and
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challenges of major producing and exporting
countries with especial reference to Iran and USA
are considered and a number of strategies are
recommended for an effective competition in
global markets. We have to solve all the problems
in nuts quality and yield production particularly
management of fungal diseases.

In fact, many agricultural products attack by a
group of fungi that are able to produce toxic
metabolites called mycotoxins. Among various
mycotoxins, aflatoxins have assumed significance
due to their deleterious effects on human beings (7,
17). The aflatoxin problem in pistachio can reduce
its marketing all over the world especially in Iran
(2, 5). The cause of the disease was shown due to
toxins in pistachio nuts infected with Aspergillus
flavus which it is necessary to be controlled.
Analysis of A. flavus population in pistachio
orchard will provide information on biocontrol
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strategies to reduce aflatoxin in the edible nuts to
meet the mandatory levels of 2-4ppb (4).
Aflatoxins in dry state are very stable to heat up to
the melting point. However, in the presence of
moisture and at elevated temperatures there is
destruction of aflatoxin over a period of time. Such
destruction can occur either with aflatoxin in
oilseed meals, aflatoxin in roasted peanuts or
aflatoxin in aqueous solution at pH 7. Although the
reaction products have not been examined in detail
it seems likely that such treatment leads to opening
of the lactone ring with the possibility of
decarboxylation at elevated temperatures (17).
There are other sever diseases in pistachio in Iran
particularly wilting of trees by soil born fungi.
Wilting on pistachio was caused by soil born fungi
such as Fusarium oxysporum, Phytophthora sp.
and verticillium dahlia as occurred on other trees.
These soil born fungi have been isolated from
infected trees in Kerman province. We tried to find
best way for controlling these fungal pathogens to
increase yield production. Using soil solarization
method for controlling soil borne fungi on some
crops and trees is carried out in at several countries
(12). Generally, soil solarization, as a
hydrothermal process in moist soil was now very
common in controlling soil borne plant pathogens
all over the world. Solarization had been carried
out in many countries. This method as natural solar
heating would be beneficial for the control of soil
borne fungi, bacteria, nematodes and weeds in the
fields.

Aspergillus flavus is an economically important
fungus which produces carcinogenic compounds
known as aflatoxins in agricultural crops and tree
nuts. The fungus has no known sexual stage;
consequently, most studies on its genetic
variability have been evaluated mainly by
characterizing isolates based on vegetative
compatibility. A better understanding of the
population structures of A. flavus will facilitate the
development of effective biocontrol strategies. We
tried to fallow different ways in management all
the fungi which make diseases in pistachio in Iran
especially in Kerman province.

While conditions favor mould growth and aflatoxin
production in pistachio nuts and how can this be
prevented. Many Aspergillus species infect nuts
and cause decay of the kernels before harvest. For
example, it was reported that up to 13 species were
isolated from pistachio kernels from orchards in
Iran and 14 species from orchards in the United
States (California) (Doster and Michailides,
1994a). Awareness that undesirable levels of
aflatoxin in food and feed may have serious
consequences for human and animal health is
increasing. Aflatoxins, probably the most studied
and widely known mycotoxins, were first noted in
the early 1960s. They are among the most potent
mutagenic substances known; there is extensive
experimental and epidemiological evidence that
they induce liver cancer (WHO, 1998). The term
aflatoxin refers to a class of chemical compounds
of related structure; among this aflatoxin B; is
considered to be the most potent carcinogen.

Materials and Methods

Soil disinfestations by soil solarization method was
carried for the relatively control the pathogen in
Kerman province as the nearly warmer climate in
studied areas (Fig. 1b). The technique was used in
a location which pistachio trees had been infected
by soil borne fungi such as Phytophthora sp. or
Fusarium oxysporum (Fig. 1b). This method
facilitates solar energy to raise the temperature of
moistened soil which can result the control of soil
borne pathogen. By this way the infested soil was
covered with transparent polyethylene to raise soil
temperatures high enough for controlling the
pathogen. The plastic edges were buried in the
trench to ensure that the plastic is held in place to
prevent heat.

The experiments also demonstrated that the yeast,
Pichia anomala can modulate spore production of
fungi including A. flavus on the pistachio nut-
fruits. Field spraying of these effective yeasts to
pistachio trees decreased the population of A.
flavus in the orchards and thus lowers the number
of nuts infected by this fungus. The outcome may
be a reduction of aflatoxin contamination in the
edible nuts. Monitoring A. flavus and A.
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parasiticus on pistachio buds provided the growers
a way to evaluate the population of the aflatoxin-

producing fungi in orchards and help them make
decision on control strategy.

Figure 1: Application the soil solarizasion method by covering plastic on infected soil in pistachio orchards in Kerman (a) and

increased soil temperature after covering soil (b).

Existing literatures indicate that wounds in plant
tissues provide the entry to A. flavus. Two
experiments were conducted in a commercial
orchard in the summer of 2005. Nut-fruits of
pistachio were individually wounded with a
dissecting needle. Another way which can be
helpful is working in harvesting stage tree nuts,
including pistachios, should be harvested as soon
as possible after maturation to avoid quality loss
and to minimize problems involving fungal attack
and infestation with insects, especially the navel
orange worm.

Pistachios hulled and dried soon after harvest to
minimize shell staining and decay and to ensure
safety. Temporary storage of fresh pistachios at the
dehydration plant was done and be cooled and held
before hulling at 0°C and relative humidity lower
than 70 percent. Pistachios were sorted before cold
storage to remove defective nuts, leaves, twigs and
other foreign materials. Fumigation with methyl
bromide used to control insects in stored nuts. The
hulled nuts were first dried for about three hours in
a column dryer or a rotating drum dryer to reach
kernel moisture of 12 to 13 percent. Dried nuts

were usually stored in bins, silos or other bulk
storage containers for a few weeks or several
months before final processing and preparation for
market. Optimum storage conditions of 10°C or
lower and 65 to 70 percent relative humidity must
be maintained to minimize deterioration, including
the growth of Aspergillus flavus.

Results and discussion

Normally, soil borne fungi caused root rot in
pistachio trees in Iran as it occurred all over the
world (15). Root rot and crown root diseases on
trees resulted wilting on branches and fruits as
happen in pistachio trees in Kerman (Fig. 2).
Obviously, wilting on pistachio trees provides a
situation for infection of A. flavous and aflatoxin
production. So any activities for protection of
wilting disease can reduce other fungal infection
and yield production. On the whole, controlling of
the soil borne pathogens, especially Fusarium
species has changed over the last few decades.
Application of soil solarization for controlling
Fusarium and Verticillium wilt on some crops is
carried out in at several countries (1,8,9,12).
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Generally, soil solarization, as a hydrothermal
process in moist soil was now very common in
controlling soil borne plant pathogens all over the
world. Solarization had been carried out in many
countries. This method as natural solar heating
would be beneficial for the control of soil borne
fungi, bacteria, nematodes and weeds in the fields.
Solarization method can become more effective in
controlling the soil borne causal Soil solarization

|

and amendments were analyzed as a control
measure against soil born fungi and nematodes and
resulted in about 12°C increase in the soil
temperature in other places (15). This increase in
soil temperature caused a "eduction of about 70 to
80% in the fungal population and about 99% in
nematode population at various depths.

Figure 2: Wilting of pistachio branch and fruits because of root rot of tree by soil borne fungi in gardens.

The results were proved synergistic for solarization
and also improved the properties of soil in the
benefit of crop plants. It was found that even after
40 days the solarized plots contain significantly
less number of fungi and nematodes as compared
to the nonsolarized plots, which confirmed the
durability of this process (15). By the way,
amount of Fusarium oxysporum in the upper 15 cm
of a naturally infested soil was reduced by soil
solarization (9). During the 9 months following
treatment, the F. oxysporum population stabilized
at a low level in soil solarized for 2 months, but
fluctuated in soil solarized for 1 month. Actually,

the soil heating could also lead to the control of
other nematodes such as Heterodera radicola the

causal agent of sugar beet in Iran as occurred in
Hawaii.

This study showed population density or colony
forming unit (CFU g * soil) of Fusarium
oxysporum a main soil borne fungal pathogen was
reduced by using the soil solarization method in
Kerman (Fig.3). Actually, some soil borne
pathogens can be highly sensitive to soil
solarization method (9). The population density of
was F. oxysporum decreased quickly after
application two weeks soil solarization in studied
areas. Results showed that the population density
reduced from 100 CFU g™ soil to 300 CFU g-*soil
after two weeks. Population density of the
pathogen was also decreased to 100 CFU g™ soil
after 4 weeks soil solarization technique (Fig. 3).
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Figure 3: Population density of Fusarium oxysporum after 2,
4 and 6 weeks soil solarization method in Kerman province
nearly south, Iran

Pre-harvest aflatoxin contamination can also be
reduced by applying Integrated Phytosanitary
management which seeks to minimize the mould
spore count in the orchard and minimize the
chances of insect attack (3). Removal or burial of
tree litter has been suggested as a measure that
would significantly reduce spore count. Post-
harvest aflatoxin contamination can occur as a
result of harvesting by shaking the tree. This can
cause tearing of the hull which can let in spores
and allow aflatoxin to be produced. Nuts which are
allowed to fall to the ground naturally may also
become moldy if they are left on the ground for an
extended period. Pistachios are then either
harvested by hand or natural fallers are collected
daily. Immunosuppressive agents, produced as
secondary metabolites by the fungus Aspergillus
flavus and A. parasiticus on variety of food
products (16).

The biocontrol activity of one particular strain of
yeast against A. flavus was nearly evaluated (13).
The effect of this yeast on the growth of A. flavus
on pistachio flowers and almond leaves was
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monitored over a period of 2 weeks. Spore
production of A. flavus was reduced by 60-80% on
plant samples sprayed with this particular yeast.
The experiments demonstrated that certain strain of
saprophytic yeast could modulate Aspergillus
flavus spore production in leaves and flowers.
Field spraying of this effective yeast to almond and
pistachio trees may decrease the population of A.
flavus in the orchards and thus lower the number of
nuts infected by this fungus. Growth of the fungus
on a food source often leads to contamination with
aflatoxin, a toxic and carcinogenic compound.
Aspergillus flavus is also the second leading cause
of aspergillosis in humans. Patients infected with
A. flavus often have reduced or compromised
immune systems.

The epidemiology of Aspergillus flavus differs
depending on the host species (6,10,11). The
fungus overwinters either as mycelium or as
resistant structures known as sclerotia. The
sclerotia either germinate to produce additional
hyphae or they produce conidia (asexual spores),
which can be dispersed in the soil and air. Unlike
most fungi, Aspergillus flavus is favored by hot dry
conditions. The optimum temperature for growth is
37°C. But the fungus readily grows between the
temperatures of 25-42°C and will grow at
temperatures from 12-48°C. Such a high
temperature  optimum  contributes to its
pathogenicity on humans.

On the whole, we should emphasis pistachio
growers to control infection of Aspergillus flavus
to be convinced on probability of aflatoxin
production on nuts. Of course, it can increase
pistachio production and nuts marketing all over
the world.
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