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Abstract

Strategies for the management of mycotoxins in corn using soil solarization alone and in combination
with soil amendments (farm yard manure, chicken farm yard manure, neem leaves and biokhad)
were developed at the National Agricultural Research Centre (NARC), Islamabad, Pakistan. Experiments
with soil solarization showed a pronounced reduction in weed population soon after removal of the
transparent polyethylene sheets. Solarization controlled weeds (98.5%), increased soil temperature by
11.5°C over non-solarized soil at 10 cm depth, reduced soil-borne pests, reduced ear rot diseases
(72.5%), conserved moisture, increased the availability of essential nutrients in the soil and hence
enhanced the growth of corn plants. Soil solarization was found an effective method in controlling ear
rots. In treated plots, grain yield was more than double due to pathogen control, enhanced available
nutrients in the soil as well as no competition with weeds. Soil solarization applied with transparent
polyethylene film was found the most effective in reducing the incidence of corn ear rots and
consequently reduced mycotoxins (fumonisins and aflatoxins) in fields and stored corn. We can avoid the
hazardous/ poisonous effects of different chemicals on plant and animal life and thus, soil solarization
technology could be used for the management of mycotoxins in food grains in future.

Introduction

Mycotoxins are secondary metabolites produced by a variety of molds on several
agricultural commodities under specific environmental conditions (Bean & Echandi,
1989). A broad spectrum of acute and chronic diseases in livestock is due to mycotoxins,
which can remain as a residue in meat and milk, posing a possible threat to human
health. The amount and type of mycotoxin varies with environmental conditions such as
temperature and humidity. In temperate climates, the mycotoxins of major concern are
the trichothecenes (including deoxynivalenol (DON), nivalenol (NIV), T-2 toxin and HT-
2 toxin), zearalenone (ZEN), the fumonisins (FB) predominantly fumonisin B; (FB,), the
ochratoxins, predominantly ochratoxin A (OA) and vomitoxins. Whereas, aflatoxins (AF)
are of major concern in food and feedstuffs imported from warmer tropical and
subtropical regions. Of these, fumonisins and aflatoxins are the major mycotoxins in
corn. These often occur in the field before harvest.

Fusarium is the most common ear rot disease in the Corn Belt; it can be found in
nearly every maize field at harvest (Smith & White, 1988). The primary importance of
Fusarium ear rot is its association with mycotoxins, particularly the fumonisins a class of
mycotoxins produced mainly by the molds Fusarium moniliforme (F. verticillioides), F.
proliferatum and several other Fusarium species that grow on agricultural commodities
in the field or during storage. These mycotoxins have been found worldwide, primarily in
corn. While, aflatoxins are naturally occurring toxin produced by the molds Aspergillus
flavus and A. parasiticus, the most potent carcinogen found in nature (Castegnaro &
McGregor 1998; Park & Liang 1993; Pittet, 1998). In 1998, a major aflatoxin epidemic in
corn occurred in the Southeast, USA. Higher temperatures, drought conditions, insect
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damage and other factors contributed to high levels of aflatoxin contamination in corn
grain (Windham & Williams, 1998). Aflatoxins are reported to cause liver damage in
poultry and livestock. They lower the profitability of poultry production by decreased
growth, feed conversion efficiency, egg production and break in immunity leading to
heavy economic losses. There is also evidence to indicate that preharvest corn infection
can occur through the corn silk (Marsh & Payne, 1984). Whereas, post-harvest
contamination can occur if crop drying is delayed and if, during storage, water activity is
allowed to exceed critical limits for mold growth. These fungal toxins are recognized as
important constraints to human health.

Soil solarization is a relatively new mulching technique for hydrothermal disinfestation
(Katan et al., 1976), where moist soil is covered with transparent polyethylene film during
the summer (Ahmad et al., 1996; Stapleton et al., 1985) and heated by solar radiation for
several weeks (Ahmad et al., 1996; Stapleton & Garza-Lopez, 1988). It is used to control
soil-borne pests in regions with high temperature and intense solar radiation (Ahmad et al.,
1996; Mahrer et al., 1987; Naot et al., 1987). Solarized soils frequently suppress certain soil-
borne pathogens and weeds (Ahmad et al., 1996; Greenberger et al., 1987; Powles et al.,
1988; Rubin & Benjamin, 1984; Stapleton & Garza-Lopez, 1988), especially in the top 10
cm soil (Ahmad et al., 1996; Ben-Yephet, 1988; Lazarovits et al., 1991). Soil solarization
reduces the number of fungi, bacteria, nematodes, insects and weeds. It often results in
increased plant growth response, yield and fruit quality (Buercky, 1988; Kaewruang et al.,
1989; Kim & Han, 1988; Lazarovits et al., 1991; Sivakumar & Marimuthu, 1987) even in
the absence of known pathogens (Chen & Katan, 1980; Katan, 1981; Stapleton & deVay,
1984). Solarization may affect the chemistry of the soil, increasing quantities of mineral
nutrients in solution (Chen & Katan, 1980; Daclemans, 1989; Kaewruang et al., 1989;
Stapleton et al., 1985) and decreasing soil salinity (Abdel-Rahim et al., 1988). Since soil
mulching is economical, simple, safe, involves no phytotoxicity or pesticide residues
(Bandara, 1987) and does not require sophisticated machines (Jacobsohn et al., 1980), the
effect of soil solarization in the control of ear rot disease was also evaluated. The purpose of
this study was to investigate the effects of soil solarization on stalk and ear rots for the
management of mycotoxins in corn. Changes in soil nutrients and other soil characteristics
(temperature, pH and EC) were also evaluated.

Material and Methods

Field experiments were conducted in soils naturally infested with pest and pathogens at
NARC, Islamabad during 2004. Samples were collected from (10, 20 and 30 cm) soil depths
with a standard 4 cm diameter core auger to examine nutrients before soil solarization.

Soil solarization technology alone and in combination with soil amendments (farm yard
manure, chicken farm yard manure, neem leaves and biokhad) was used to control
mycotoxins in corn by reducing soil-borne fungi and to increase the productivity as well
as quality of corn grains. All plots were pre-irrigated and then mulched treatments were
covered with colored (red, green, blue and black) and transparent polyethylene films (0.04
mm thick) to trap solar heat in the soil and to kill many of the damaging soil pests and
weed seed. No pesticide was applied. Before mulching, temperature probes were inserted
into the soil of all treatments at depths of 10, 20 and 30cm to measure soil temperature. Soil
was kept moist during treatment to increase thermal sensitivity of any resting forms of
pathogens and improve heat conductivity (Katan et al., 1976). Solarization started on May
15™ 2004 and lasted for seven weeks. Polyethylene sheets were removed on July 7, 2004,
one day before planting.
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After the polyethylene film was removed, soil samples were immediately collected with
a standard 4 cm diameter core auger. Four cores were collected per replication and bulked by
three depth ranges (0-10, 10-20, and 20-30 cm). Soil samples were air dried, crushed in
mortar pestle and sieved through 150 um pores before chemical analysis. Bulked soil
samples for each treatment, depth and replication were analyzed for macro- and micro-
nutrients using ammonium bicarbonate-diethylene triamine pentaacetic acid (ABDT-PA)
extraction (Soltanpour & Workman, 1979). Ten g of soil was extracted with 20 ml ABDT-
PA solution in 250 ml conical flask and shaken for 15 min. before filtration. Undiluted
extract was used to analyze the macro-elements (NOs-N, P, K) and (1:10) dilution was used
for the micro-nutrient (Zn). The pH of the soil was determined potentiometrically in a
mixture of soil and distilled water (1 part soil: 1 part water, w/v). The same paste (1:1) was
used for electrical conductivity (EC). Soil temperature, pH, EC and mineral nutrients
(macro- and micro-nutrients) at three different soil depths (0-10, 10-20 and 20-30 cm) were
analyzed in both solarized and non-solarized plots.

Weed population was observed in different treatments. Control of weeds was evaluated
by counting number of weeds m? in both solarized and non-solarized plots, whereas,
different diseases in corn both in stalk and ears were detected in the experimental plots.
Incidence of diseases in each treatment were assessed at the time of harvest. Diseases caused
by F. verticillioides, F. graminearum and A. flavus were scored separately on the basis of
characteristic discoloration and symptoms produced. Number of ear kernels and stalks showing
symptoms of the disease were counted for infection percentage. Severity of disease was assessed
visually for different ear rots and stalk rot pathogens and confirmed under laboratory cultural
conditions by isolation and characterization of the fungal organisms.

Soil samples were collected from different treatments and soil micro-flora was tested
under laboratory cultural conditions at CDRP, IPEP, NARC, Islamabad in both solarized
and non-solarized plots. Suspension (= 10 dilution) of each sample was prepared by
taking 1 g in 9 ml diluent (sterile distilled H,O) in a sterile universal tube, capped tightly
and shaken for 30 minutes. Then prepared second (= 10”) and third (= 10) dilutions in
the same manner by taking 1 ml of 10" and 107 dilution to 9 ml sterile distilled H,O and
mixed thoroughly. Thus, final suspension (= 107 dilution) of each soil sample was
prepared and plated on the PDA media plate with the help of micro pipette, spread with
glass spreader and incubated at 22-25°C for 3-4 days.

Yield was based on weight of shelled grains at 15% moisture by using the formula:

Field weight (100 - moisture %) 0.8 x 10,000
Area harvested x 85

Grain yield (kg ha™) =

where 0.8 was the shelling percentage (80% grains and 20% cob) and 85 was adjusted to
15% moisture.

Results and Discussion

A pronounced reduction in weed population was observed soon after removal of the
polyethylene sheets. The treatment was still significant for 4 months after planting during the
summer growing period. These results are in agreement with other findings (Rubin &
Benjamin, 1983; Stapleton, 1991). Solarization controls weeds and reduces soil-borne pests,
conserves moisture and improves other soil physico-chemical characteristics. In the present
studies it also increased the availability of essential nutrients in the soil and hence enhanced
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the growth of corn plants. This is in agreement with other studies regarding increased soil
nutrients following soil solarization (Chen & Katan, 1980; Rovira, 1976).

In solarized plots mean temperature at 10 cm soil depth was 11.5°C higher as compared
to non-solarized plots. This increase in soil temperature in solarized plots has also been
reported by other workers from Israel (Horowitz et al., 1983; Jacobsohn et al., 1980; Katan,
1981), California (Pullman et al., 1981), Canada (Lazarovits et al., 1991), Mexico (Stapleton
et al., 1985; Stapleton, 1991) and Pakistan (Ahmad et al., 1996; Zaki & Ghaffar, 1989). In
the present studies, variation in temperature at different soil depths was greatly influenced by
weather conditions (cloudy, sunny, rainy days with different air temperature and humidity).
These observations agree with the findings of Katan (1981) and Mahrer (1979), who stated
that temperatures in mulched soil vary with air temperature, humidity, radiation, wind
velocity and soil characteristics.

Soil solarization was found effective for the management of soil-borne fungi, ear rots
and mycotoxins in corn. Soil fungal flora was recorded at different soil depths (0-10, 10-
20 and 20-30cm) in the plots treated with transparent and colored polyethylene sheets
after seven weeks of soil solarization. Result revealed that transparent followed by blue
sheet was the best treatments in reducing the soil-borne fungi especially at 10cm soil
depth (Table 1). Results also revealed that out of four soil amendments (farm yard
manure, chicken farm yard manure, neem leaves and biokhad), neem was found to be the
best in reducing fungal flora especially at 10cm soil depth in the plots treated with
transparent polyethylene sheets for seven weeks and thus, controlled ear rot diseases
significantly (Table 2). Nematode population was tested at different soil depths (0-10, 10-
20 and 20-30cm) in the solarized and non-solarized plots.

Results showed that transparent followed by blue sheet was found to be the best in
reducing the nematode population significantly (P=0.05) especially at 10cm soil depth
(Table 3). Likewise, results for weed population were obtained in the solarized plots treated
with transparent and blue polyethylene films, where weeds were significantly reduced
(Table 4). Weed population was also observed in the plots treated with differtent soil
amendments. It was observed that neem followed by chicken farmyard manure were the
best treatments in reducing the weed population significantly (P=0.05) in the solarized plots
treated with transparent polyethylene sheets (0.04mm in thickness) (Table 5). Soil
temperature was significantly increased in plots treated with transparent polyethylene sheets
as well as in plots amended with chicken farmyard manure and farmyard manure at 10cm
soil depth. It was observed that soil characteristics especially temperature was affected by
the soil solarization applied with transparent polyethylene films especially in the upper soil
layers whereas, other soil characteristics (pH and EC) were least affected by the soil
amendments and soil solarization (Table 6). Weed population including Setaria sp. foxtail,
Sorghum halepens, Cyperus rotundus and Echinochloa colona was controlled (98.5%) in
solarized plots throughout the summer growing season. In contrast, the non-solarized
plots had to be hand-weeded several times during the experimental period. The most
important physical effect of soil mulching with transparent polyethylene films (0.04 mm
thick) was increase in soil temperature, especially in the upper layers of the soil. With
increasing soil depth soil temperature decreased (P=0.05). Average soil temperatures in
the top layer of solarized plots reached 39.2°C at 10 cm soil depth, about 11.5°C higher
than non-solarized plots (27.7°C) (Table 6). Soil analyzed immediately after removal of
the polyethylene film showed higher N-NO3 (22.2 mg kg), P (13.5 mg kg™), K (330.1
mg kg) and Zn (5.7 mg kg™') at the 10 cm depth treated with transparent polyethylene
film (Table 7). This increase in K and Zn in solarized plots was due to high moisture
contents in the soil, which increased solubility of these nutrients.
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Soil solarization technology (applied with transparent polyethylene sheet) along with
neem was found the most effective in reducing the incidence of corn ear rots and
consequently reduced mycotoxins (fumonisins and aflatoxins) which could be applied for
growing disease/ and mycotoxin free crops and to increase the productivity and quality of
corn grains. We can avoid the hazardous/ poisonous effects of different chemicals on plant
and animal life and thus, soil solarization along with neem could be used for the management
of mycotoxins in food grains in future.
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