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Mycotoxin and Aspergillus flavus levels in soil-surface corn debris left by no-till agriculture methods
(stover, cobs, and cobs with grain) were determined during the December-March fallow period for
near-isogenic Bt and non-Bt hybrid corn. By December, average mycotoxin levels in non-Bt corn
were many times higher in cobs with grain than in grain harvested in September (total aflatoxins,
774 vs 211 ng/g; total fumonisins, 216 vs 3.5 µg/g; cyclopiazonic acid, 4102 vs 72.2 µg/g; zearalenone,
0.2 vs < 0.1 µg/g). No trichothecenes were detected. Levels of mycotoxins and A. flavus propagules
were ∼10- to 50-fold lower in cobs without grain and stover, respectively, for all mycotoxins except
zearalenone. Mycotoxin levels in corn debris fractions decreased during winter but began to rise in
March. Levels of all mycotoxins and A. flavus propagules were lower in harvested grain and debris
from Bt than non-Bt corn, but differences were significant (p < 0.05) only for aflatoxins.
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INTRODUCTION

In the southern United States corn (maize, Zea mays L.) is
commonly grown in rotation with cotton (Gossypium hirsutum
L.) or soybean, (Glycine max L. Merr.) (1–3). Corn is used for
animal feeds, direct human consumption, and production of
industrial products (i.e., biofuels, starch or alcohol beverages).
Planted corn acreages in the U.S. have increased by 17% in the
past 15 yrs (4). The Mississippi Delta has seen planted acres
double in less than 5 years, in part due to a high demand for
use of corn for biofuel (5). Corn kernels frequently can become
infected with toxigenic fungi such as Aspergillus flaVus and
Fusarium species (6–8), which produce aflatoxin, cyclopiazonic
acid, fumonisin, trichothecenes, and zearalenone (F-2) (9–11).
Contamination of corn with these toxins poses serious health

risks to human and animals (12–14). Aflatoxins are carcinogenic
compounds, which can be produced by A. flaVus, and A.
parasiticus, and they can be an especially serious problem for
corn grain and residues produced in the southern U.S. (12, 15, 16).
Cyclopiazonic acid, produced by many Aspergillus spp. and
other fungi (17), is found in contaminated maize, beans, and
nuts and can have toxicological effects on livestock (18).
Fumonisins are potential carcinogens produced by Fusarium
Verticillioides (syn. F. moniliforme), which are often associated
with contaminated corn (19). Trichothecene group B toxins,
including deoxynivalenol (DON), its 3-acetyl- and 15-acetyl-
derivatives, and nivalenol, cause vomiting, food refusal, and
mortality and may be as important as aflatoxins and fumonisins
in causing immunosuppression (12, 20). Trichothecene group
B toxins are produced by various species of Fusarium, including
F. graminearum and F. culmorum (20–25). Zearalenone,
produced by F. graminearum, F. culmorum, and other Fusarium
species, has been found in corn, cereals, hay, silage, and pasture
and has been associated with estrogenic syndrome in swine
around the world (9, 26–29).

The majority of aflatoxin research, particularly with corn, has
focused on harvested grain, so that only limited information
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exists about the fungal ecology and mycotoxins in overwintering
residues. Studies in southern Mississippi have shown consider-
able accumulation of aflatoxin (5-5000 ng/g [ppb], mean of
427 ng/g) associated with corn cobs remaining on the soil
surface, where they may pose a potential risk to Sandhill cranes
(Grus Canadensis Pulla) (30). In Texas (31), high levels of A.
flaVus propagules survive in corn residues, especially in the cobs.
Waste corn on soil near storage bins was studied by Olanya et
al. (32), who observed that waste corn infested with A. flaVus
served as point sources of inoculum for A. flaVus infection of
corn in the surrounding agroecosystem. Despite these observa-
tions, A. flaVus populations and mycotoxin levels in corn residue
have traditionally been ignored on the assumption that after
harvesting corn, the fields would be tilled and contaminated
residues would not significantly increase the number of A. flaVus
propagules surviving in the soil (31). However, with greater
than 70% of corn production in the U.S. now using some form
of reduced tillage practice, the corn residue remaining on the
surface could be a major factor in crop contamination in the
next growing season, particularly with A. flaVus.

Aspergillus flaVus is abundant in soil, and the soil reservoir
is believed to be the source of the fungal inoculum in the crop
planted in the subsequent growing season. Little is known about
the soil ecosystem and what factors affect the amount A. flaVus
found there and the proportion which is aflatoxigenic. No-till
cultivation methods provide A. flaVus with an additional
ecosystem in which to overwinter in the form of stover, cobs,
and kernels on cobs, which remain on the surface with limited
contact with soil.

A research program at Stoneville, Mississippi, has been
established to understand how surface corn debris left by no-
till cultivation methods affects the levels and toxigenicity of
mycotoxin-producing fungi in the field. It has been well-
established that plant debris persists longer on the surface of
the soil than in it (33), and thus, no-till agricultural practices
should make a greater contribution to the fungal inoculum-
producing capacity of the ecosystem the following growing
season. In the present study, we have examined the persistence
of several economically important mycotoxins (aflatoxins,
fumonisins, zearalenone, cyclopiazonic acid, and trichothecenes)
in corn grain and three corn debris fractions over the winter
intercropping period in Mississippi. To determine if the presence
of high levels of a mycotoxin persisting in corn debris favors
the growth of a fungus that produces that mycotoxin, the density
of A. flaVus propagules in corn debris fractions during the
intercropping period in Mississippi has been examined. The
study has been carried out with Bt and non-Bt near-isolines in
an experimental design that allows an assessment of the effect
of Bt status on mycotoxins and fungi in this system.

MATERIALS AND METHODS

Field and Crop Management. Two corn hybrids, one with the
Cry1Ab expressing event MON810 (Pioneer brand 34B24) and its
conventional non-Bt near-isoline (Pioneer brand 34B23), were planted
in a replicated experiment at Elizabeth, Mississippi, on May 12, 2006,
and harvested on September 8, 2006. The soil at this site is a Dundee
silt clay loam (fine-silty, mixed, thermic Aeric Ochraqualfs) containing
32% sand, 60% silt, and 8% clay with 0.5% organic carbon. The corn
received only a preplanting application of 179 kg/ha of N applied as
NH4NO3, to achieve a yield potential of 12.5 t/ha grain. On the basis
of soil analysis from a commercial laboratory (Petit Soil Testing
Laboratory, Leland, MS), no supplemental P and K fertilizer was
needed. The experimental design in the field was a randomized complete
block design replicated in five blocks. Plots received supplemental
furrow irrigation only once at the V9 stage to mitigate drought stress.

Herbicides and fertilizer (application based on soil tests) were applied
according to standard cultural practices in corn for a continuous
production system in northern Mississippi. Row spacing was 1 m and
each experimental unit (plot) was 32 rows wide and 30.5 m long. Each
plot of corn was bordered by at least 30.5 m of soybeans on all sides.
Plants were machine-harvested at maturity in three eight-row strips,
bulk sampled, and oven-dried for analysis for mycotoxin levels and
Aspergillus propagules.

Corn Residues. Corn residues were collected from the same
experimental corn field using the same three sample zones per plot
monthly from December, 2006, to March, 2007. The corn residues were
separated into 3 plant part groups: (1) stover (leaves and stalks); (2)
cobs without grain; (3) cobs with grain (Figure 1). Each group of tissue
was a composite of samples from five locations within the subplot,
which were stored separately in large no. 20 paper bags. Samples were
dried at 50 °C for 72 h and ground sufficiently to pass a 20 mesh using
a Romer mill (Union, MO), and subsamples were stored at (-20 °C)
for later chemical and (4 °C) biological determinations.

Enumeration of Aspergillus flaWus Propagules in Soil, Corn, and
Corn Residues. The size of the A. flaVus population in soil was
estimated using the method described by Horn et al. (34), using modified
dichloronitroaniline rose bengal agar supplemented with 3% NaCl for
increased selectivity (mDRBA). For the enumeration of A. flaVus in
corn or corn residue samples, 1.0 g was suspended in a 100 mL agar
solution (2 g/L), shaken for 30 min, and serially diluted as needed;
duplicate samples were plated onto mDRBA. Plates were incubated at
37 °C for 5 days, and colonies were counted. Colonies of A. flaVus
were randomly picked (40 colonies per plot) and transferred to
�-cyclodextrin (0.3%) potato dextrose agar at 28 °C for 5 days in the
dark. Aflatoxin-producing isolates were identified following exposure
to UV light at 365 nm. Colonies that developed the characteristic blue
fluorescence were counted as toxigenic isolates. Prior research has
indicated a greater than 90% agreement with HPLC analysis and
fluorescence on �-cyclodextrin potato dextrose agar (35). Aflatoxin
production was further confirmed by observing color change of isolates
exposed to aqueous ammonium hydroxide (27% v/v) for 30 min (35).
Density of A. flaVus colony forming units (cfu) was calculated on a
soil dry weight basis and all cfu data was transformed on a log (10)
scale. The detection limit of A. flaVus was log 1.9 cfu/g substrate
(36).

Chemicals and Reagents. All solvents were HPLC grade from
Fisher Scientific (Pittsburgh, PA). Standards for all mycotoxins that
were assayed and other chemicals were purchased from Sigma (St.
Louis, MO).

Analyses of Trichothecenes and Zearalenone. Trichothecene and
zearalenone analyses used the same extraction, cleanup, derivatization,
and injection procedures, and the same gas chromatography-mass
spectrometry (GC-MS) instrumentation but with different oven tem-
perature programs and different ions monitored (37). Briefly, a 4 g
subsample of ground cobs or ground cobs with grain was extracted
with 32 mL of acetonitrile/water (84:16 v/v) while 2 g of ground stover
was extracted with 20 mL of acetonitrile/water (84:16, v/v). The sample
was placed on a shaker for 2 h, and then 5 mL of extract was passed
through a column packed with C18 and aluminum oxide (1:3). A 2
mL aliquot of the filtrate was evaporated to dryness under nitrogen
and derivatized by the silylating reagent [N-trimethylsilylimidazole
(TMSI) to trimethylchlorosilane (TMCS), 100:1] (Pierce Chemical Co.,
Rockford, IL). A 1 mL solution of TMS derivatives was filtrated through
a Whatman grade 589/2 filter paper disk in a 1 mL plastic syringe, and
a 1 µL aliquot was analyzed by GC-MS on a GCMS-QP2010 instrument
(Shimadzu Corporation, Kyoto, Japan) using as the oven temperature
program 150 °C for 1 min and then 30 °C /min to 280 °C, holding 5
min (37). The trichothecenes measured were as follows: deoxynivalenol
(DON) at fragment ions of m/z 235.15, 259.20, and 422.30; 3-acetyl-
DON at fragment ions of m/z 377.25 and 392.25; 15-acetyl-DON at
fragment ions of m/z 193.15 and 392.25; and nivalenol (NIV) at
fragment ions of m/z 289.20 and 379.25. A high-pressure injection
method (300.0 kPa, 1 min) was used with the instrument’s standard
splitless injector. Stream splitting was not necessary due to the small
sample size. Zearalenone was analyzed by GC-MS, because the required
instrumentation and method were available. Linear velocity of flow
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control mode was used with the following oven temperature program:
150 °C for 1 min and then 30 °C /min to 300 °C, holding 4 min.
Injection, ion source, and interface temperatures were kept at 290, 220,
and 300 °C, respectively, with an injection volume of 1 µL. Zearalenone
was detected using selected ion monitoring (SIM) with an electron
ionization energy of 70 eV. The fragment ions of m/z 333 and 462
were used for zearalenone quantitation. Limits of quantification for all
these toxins are 0.05 µg/g (37).

Extraction of Aflatoxin, Cyclopiazonic Acid, and Fumonisin.
Ground corn or corn residues (20 or 5 g, respectively) were extracted
with 100 mL of 70:30 methanol/water at 150 rpm for 3 min. The extract
was clarified by filtration (Whatman #1 paper) and further clarified by
centrifugation if required. Aliquots were removed for aflatoxin,
cyclopiazonic acid, and fumonisin analysis and stored at -20 °C until
cleanup and analysis.

Determination of Aflatoxin. Sample cleanup was performed using
a modification of Sobolev and Dorner (38). Briefly, an aliquot (800
µL) of reconstituted sample was processed using a 1.5 mL extract-
clean reservoir minicolumn packed with aluminum oxide (Alltech Co.,
Deerfield, IL). After elution by gravity, 20 µL of the eluate was injected
on a HPLC system equipped with a 150 mm × 3.9 mm i.d., 4 µm

Nova-Pak C18 column, and a 474 model fluorescence detector (Waters
Corporation, Milford, MA). Separation was carried out at 30 °C, with
a mobile phase consisting of water/methanol/1-butanol (60:25:1) and
a flow rate of 0.9 mL/min. Detection of AFB1 was achieved by
photochemical post-column derivitazation (38) setting the detector
wavelength at 365 nm (excitation) and 440 nm (emission). Limits of
quantification for the aflatoxin were 5 ng/g (AFB1, AFG1) and 1.5 ng/g
(AFB2, AFG2).

ELISA Analysis of Aflatoxins and Fumonisins. Commercially
available quantitative ELISA assay kits (Neogen Inc., Lansing, MI)
were used to calculate total aflatoxins and total fumonisins and dilutions
required for HPLC or LC/MS analysis, according to the manufacturer’s
instructions. These estimates were used to predict dilutions required to
obtain analytical limitations and secondary confirmation.

Liquid Chromatography/Mass Spectrometry (LC/MS) Analysis
of Fumonisin and Cyclopiazonic Acid. Samples from each plot of
the study were examined by liquid chromatography/electrospray
ionization/mass spectrometry (LC/ESI/MS) to analyze fumonisin
identity and determine the relative amounts of subtypes of fumonisins
(FB1, FB2, FB3, FB4) and cyclopiazonic acid. Cleanup of the fumonisins
was accomplished on Bond-Elute SAX columns (Varian, Harbor City,

Figure 1. Illustrations of (A) corn residue coverage in December, (B) stover (leaf and stalk), (C) cobs without grain, and (D) cobs containing grain. Note
that the amount of residual grain on cobs sampled in the study is typically 40% of the grain initially on the cob, and fungal colonization of the grain is
apparent.
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CA) by the method of Plattner (39) with minor modifications. The SAX
column was conditioned by applying 5 mL of methanol followed by 5
mL of methanol/water (3:1). A 10 mL aliquot of the extracted corn
sample was applied followed by a 3 mL methanol wash step, followed
by elution with 10 mL of water containing 2% acetic acid. Samples
were evaporated under a stream of nitrogen to dryness and stored at 5
°C. Prior to analysis, the dried sample was reconstituted in 1 mL of
acetonitrile/water (1:1).

LC/ESI/MS analyses were carried out as described in detail by Abbas
et al. (6, 40) on a Thermo Finnigan LCQ Advantage, coupled to a
Thermo Finnigan Surveyor MS and a Thermo Finnigan Surveyor MS
Pump (Thermo Electron Corporation, West Palm Beach, FL) with minor
modifications for fumonisin analyses. Samples were run using 10 µL
partial loop injections analyzed in full-scan mode plus at the following
mass ranges: FB1, 722 (M + H); FB2 and FB3, 706 (M + H); FB4, 690
(M + H) (M + H). MS/MS was performed on m/z 722 for further
confirmation of FB1. Fumonisin analysis used a MetaChem Intersil 5
µm ODS-3 column eluted with water/acetic acid (1%)/methanol
(65:35:0) at 300 µL/min for 10 min, followed by a linear gradient to
water/acetic acid (1%) in methanol/methanol (5:35:65), then held
constant for 10 min. Between samples, the solvent was returned to
water/acetic acid (1%) in methanol (65:35) within 1 min and held
constant for 4 min for column equilibration. Samples suspected to
contain higher concentrations were diluted and followed by a wash
step, which was incorporated after gradient completion to eliminate
sample carry-over. Quantitation of FB1, FB2, and FB3 was carried out
by the external standard method, whereas other fumonisin subtypes
were calculated as a percentage of FB1. Detection limits for all types
of fumonisin were 0.1 µg/g.

For analysis of cyclopiazonic acid, methanol extracts of residues
were diluted 1:1 with ammonium hydroxide (5%), subjected to a
cleanup procedure using Oasis Max solid phase extraction columns
(Waters, Milford, MA), and eluted with 2% formic acid in methanol.
Analyses were carried out on a Polar RP column (Phenomex, Torrance,
CA) eluted with a gradient from ammonium acetate (10 mM, pH 5.7)/
methanol (30:70, v/v) to ammonium acetate (10 mM, pH 5.7)/methanol
(5:95, v/v) over 5 min, then held constant for 7 min. Cyclopiazonic
acid eluted at 6 min. MS specifications are reported elsewhere (41).
The limit of detection for cyclopiazonic acid by LC/ESI/MS/MS was
12 ng/g.

Statistical Analysis. Mycotoxin concentrations in corn grain were
analyzed using PROC GLM (SAS Institute) and mean separation
conducted using Fisher’s LSD with analysis as a randomized complete
block design with five replicates. The corn residue component data,
including mycotoxins, A. flaVus propagules, and their toxigenicity, were
analyzed as a split split plot design. The main unit of treatment (Bt
corn versus non-Bt corn isoline) was established as a randomized
complete block design with five replicates. The two subunits were plant
parts and time. Each subunit treatment was a repeated triplicate measure
in time or location. All data were subjected to analysis of variance
using PROC MIXED (SAS Institute) to assess the effects of corn isoline
(Bt or non-Bt), type of residue (stover, versus cobs, or cobs with grain),
time of sampling, and the interaction of these variables. p Values <
0.05 were considered significant. Pearson correlation coefficient analysis
was carried out using PROC MIXED (SAS Institute). All mycotoxin
data did not follow a normal distribution; therefore, concentration data
were transformed using a log (10) of value +1. Following data analysis,
geometric means were ascertained by back-transforming log data, using
SAS and the +1 subtracted. Data on A. flaVus propagules and
aflatoxigenicity was also subjected to analysis of variance using PROC
MIXED (SAS Institute) to assess the effects of corn isoline, type of
residue or soil and the interaction of these variables. Least significant
differences (p ) 0.05 level) used in mean separation was calculated
using pdmix800 (SAS Institute).

RESULTS AND DISCUSSION

Mycotoxin Levels in Harvested Corn Grain. Table 1 gives
the levels of myctoxins in corn kernels harvested at a typical
time in Mississippi (September) from the Bt and non-Bt near
isolines used to study mycotoxins in debris samples. The

aflatoxin B1 and total aflatoxin levels were 93% higher in kernels
from the non-Bt corn hybrid compared to the Bt isoline
expressing the cry1 protein (Table 1). Aflatoxin B2 was
approximately the same amount higher in kernels from the non-
Bt corn hybrid compared to the Bt isoline, but the difference
was not statistically significant. Aflatoxin G1 and G2 were found
in only one of 30 samples tested (<10 ng/g). The level of
aflatoxin found in the grain harvested from all plots was above
the FDA regulatory limits for direct human consumption (20
ng/g) but not above the FDA action level for finishing beef cattle
(42). Minimal irrigation was applied, and the month prior to
harvest was hot with an average maximum temperature of 36 °C,
and less than 4 cm of rain fell the month prior to harvest.
Although the use of the Bt hybrid significantly reduced aflatoxin
levels, the reduction was insufficient to meet regulatory
guidelines for direct human consumption. The Bt hybrid is
expected to reduce damage inflicted by the corn ear worm and
thus reduce A. flaVus contamination carried by the insect (43).
However, aflatoxin reductions achieved by this mechanism are
not always observed (44).

Total fumonisin contamination in harvested Bt corn was less
than half that in non-Bt corn (Table 1), but the difference was
not significant (p ) 0.068). Many studies reported in the
literature (43–47) have observed greater effectiveness of the Bt
gene in reducing fumonisin contamination in corn than in
reducing aflatoxin contamination compared to that in non-Bt
hybrids. There was no significant difference in cyclopiazonic
acid (CPA) levels in corn from Bt and non-Bt hybrids. A linear
regression analysis was conducted to assess the relationship
between aflatoxin and cyclopiazonic acid levels in grain. There
was a significant positive Pearson correlation (p < 0.012)
between levels of total aflatoxin and cyclopiazonic acid,
consistent with colonization by Aspergillus being the major
source of contamination of both mycotoxins in the corn.
Zearalenone and trichothecenes were not detected in kernels
harvested in September.

Mycotoxin Levels in Corn Plant Debris Fractions in
December. The highest levels of all mycotoxins were observed
in the initial December sampling (Figure 2), and for clarity,
the arithmetic means and standard error of the mean are
summarized in Table 2. Total aflatoxin contamination was over
20-fold higher in cobs with kernels than in cobs without kernels,
indicating that most of this contamination is due to the
enrichment of A. flaVus in corn grain compared to the remainder
of the corn plant. Aflatoxin was detected in over 80% of cobs
and in 100% of cobs with grain sampled in December. The
lowest aflatoxin content was found in stover (3.8 ng/g), and it
was detected in fewer than 50% of the samples tested. Total
aflatoxin levels were about 6-fold greater in cobs without grain
from non-Bt corn compared to Bt plots. In cobs with grain,
total aflatoxin was 43% greater in non-Bt plots compared to Bt
plots. Aflatoxin B1 accounted for about 93% of the total aflatoxin

Table 1. Mycotoxin Levels in Mature Bt and Non-Bt Corn Grains
Harvested in September

mycotoxin (unit) Bt corn non-Bt corn probability > F

aflatoxin B1 (ng/g) 104 ( 30a 200 ( 53.8 0.039
aflatoxin B2 (ng/g) 4.9 ( 1.4 10.8 ( 8.4 0.102
total aflatoxin (ng/g) 109 ( 32 211 ( 58 0.0432
total fumonisin (µg/g) 1.6 ( 0.2 3.5 ( 0.8 0.0683
cyclopiazonic acid (ng/g) 61.0 ( 14.3 72.2 ( 19.1 0.4763
zearalenones (µg/g) <0.1 <0.1
trichothecenes (µg/g) <0.1 <0.1

a Mean and standard error of the average of five replicates.
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and B2 about 6%. Aflatoxin G1 was found in only 2 of 240
samples, and aflatoxin G2 was not detected in any samples (data
not shown). A similar aflatoxin B1 to aflatoxin B2 ratio was
found in all three types of corn residues, and the ratio was
consistent for all months sampled (data not shown) and in Bt
and non-Bt hybrids. The levels of aflatoxin found in cobs with
grain in December (Table 2) were 4- to 5-fold higher than levels
found in grain at harvest (Table 1). Cobs with grain typically
had between 10 and 50% of the original kernels remaining on
the cobs (Figure 1D). Thus, as the kernels on the cobs aged on
the soil surface, additional aflatoxin production by Aspergillus
spp. occurred.

As observed with aflatoxin, the highest levels of fumonisins
were found in cobs with grain in December (average total )
190-216 µg/g). Fumonisin levels were much lower in cobs
without grain and in stover residues; however, there was no

significant difference in Bt versus non-Bt corn hybrids. Fumo-
nisin B1 accounted for ∼60% of the total fumonisin observed
in all three classes of corn residues (Table 2). The distribution
of zearalenone in corn residues was different from that of
aflatoxin and fumonisin in that the lowest zearalenone levels
were observed in cobs with grain compared to cobs or stover
(Table 2). The average zearalenone level in December was 2
µg/g in cobs and 2.5 µg/g in stover with a maximum level of
7.5 µg/g compared to 0.24 µg/g average concentration in cobs
with grain. Cyclopiazonic acid levels were determined in
residues in December only. Cyclopiazonic acid was observed
in about 30% of stover, 80% of cobs, and 100% of cobs with
grain. The highest levels of cyclopiazonic acid were found in
cobs with grain (3441 ng/g), intermediate in cobs (147 ng/g),
and lowest in stover (12 ng/g). Cyclopiazonic acid levels were
similar in non-Bt and Bt corn residues (p < 0.22). No
trichothecenes (DON and its derivatives) were detected in any
residue samples throughout the study.

Aflatoxin Persistence in Corn Residue Fractions. Aflatoxin
occurrence in various residues was affected by sample month,
plant part, and corn isoline with a significant interaction between
month and plant part (Table 3). Aflatoxin levels were highest
in December, and the rates of dissipation varied with the toxin
and plant part (Figure 2A). Levels of total aflatoxin found in
March in cobs with grain represented ∼30% of that found in
December. Recent studies (48) have indicated that the half-life
of aflatoxin B1 is <5 days in soil collected from this study site.
The most common metabolic pathway for aflatoxin B1 is
conversion to aflatoxin B2 (49), which may be mediated by A.
flaVus itself or by other microorganisms. Because the relative
ratios of aflatoxn B1 to B2 remained constant throughout the
study (data not shown), this is an unlikely fate of aflatoxin in
corn residues. However, biodegradation by bacterial monoxy-
genases is an important pathway for aflatoxin destruction in other
microorganisms (50, 51).

Several types of observations have led to concerns that kernel
corn left in fields is a potential source of mycotoxin contamina-
tion for browsing wildlife. Aflatoxin has been associated with
liver dysfunction and immunosuppression in certain species of

Figure 2. Levels of mycotoxins ((A) aflatoxin, (B) fumonisin, (C)
zearalenone) remaining on the soil surface during the winter months in
Mississippi in the following types of corn residues: stover (b), cobs (3),
and cobs with grain (9). Least significant ratios (p ) 0.05) for significance
among a given plant part comparing at a given month were as follows:
total aflatoxin ) 2.7; total fumonisins ) 1.2; zearalenone ) 1.2. Least
significant ratios (p ) 0.05) for significance among a given plant part
comparing at a given month were as follows: total aflatoxins ) 1.9; total
fumonisins ) 1.3; zearalenone ) 1.2.

Table 2. Mycotoxin Levels in Non-Bt and Bt Corn Debris Fractions in
December

mycotoxin level of debris fractions ( SEMa

corn type mycotoxin type (unit) stover cobs cobs with grain

non-Bt aflatoxin B1 (ng/g) 3.8 ( 2.5 96 ( 87 720 ( 181
aflatoxin B2 (ng/g) <0.1 8.7 ( 8.7 54 ( 17
total aflatoxins (ng/g) 3.9 ( 2.5 105 ( 96 774 ( 195
fumonisin B1 (µg/g) 1.8 ( 1.1 14.6 ( 2.6 129 ( 21
fumonisin B2 (µg/g) 0.4 ( 0.2 7.3 ( 1.7 65 ( 21
fumonisin B3 (µg/g) 0.2 ( 0.2 2.0 ( 0.6 10.1 ( 2.6
fumonisin B4 (µg/g) <0.1 3.0 ( 0.4 12.4 ( 2.4
total fumonisins (µg/g) 2.4 ( 1.3 26.8 ( 4.9 216 ( 39
cyclopiazonic acid

(ng/g)
12.0 ( 7.8 139 ( 47 4102 ( 1168

zearalenone (µg/g) 1.3 ( 0.2 1.3 ( 0.2 0.2 ( 0.1
trichothecenes ndb ndb ndb

Bt aflatoxin B1 (ng/g) 3.3 ( 1.7 15.2 ( 9.0 517 ( 249
aflatoxin B2 (ng/g) <0.1 1.3 ( 1.3 25 ( 14
total aflatoxins (ng/g) 3.3 ( 1.7 16.5 ( 9.8 542 ( 263
fumonisin B1 (µg/g) 0.7 ( 0.3 9.8 ( 3.8 122 ( 27
fumonisin B2 (µg/g) 0.2 ( 0.1 4.0 ( 1.6 46.2 ( 11.4
fumonisin B3 (µg/g) 0.1 ( 0.1 1.7 ( 0.6 8.2 ( 2.2
fumonisin B4 (µg/g) <0.1 2.0 ( 0.8 14.0 ( 4.1
total fumonisins (µg/g) 0.9 ( 0.4 17.5 ( 6.5 190 ( 45
zearalenone (µg/g) 2.7 ( 0.8 2.4 ( 0.5 0.3 ( 0.2
cyclopiazonic acid (ng/g) 11.4 ( 7.1 156 ( 91 2780 ( 915
trichothecenes ndb ndb ndb

a SEM ) standard error of the mean of five replicates. b nd ) none detected.
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birds. Aflatoxins are toxic to wild turkeys at 100 ng/g (52).
However, some bird species selectively consume grain that is
more highly contaminated than the average for the sample,
presumably by selecting broken kernels (53). The higher levels
of aflatoxins in corn left in the field in December than at harvest
observed in this study is in agreement with Couvillion et al.
(29), who surveyed corn near breeding grounds for sandhill
cranes and observed aflatoxin levels 5-fold higher in cobs on
the soil surface than in cobs remaining on the stalk in southern
Mississippi. The data obtained in the present study supports
these concerns by confirming the higher mycotoxin levels in
winter using more reliable analytical techniques (HPLC rather
than TLC) than used by Couvillion et al. (29).

Levels of Other Mycotoxins in Corn Plant Debris Frac-
tions during Winter. Fumonisin occurrence in various residues
was affected by sample month, plant part, and the interaction
of month and plant part, but there was no effect of corn isoline
(Table 3). Unlike with aflatoxins, the fumonisin levels declined
about 10-fold between December and January (Figure 2B). By
March the average total fumonisin level in cobs with kernels
was <1% of that found in December, and they were not detected
in most samples of cobs without grain and stover. Initially FB1

was about 60% of total fumonisins and twice as abundant as
FB2, but by late winter, FB2 levels in cobs with kernels were
equal or greater in occurrence than FB1 (data not shown).
Presumably the additional hydroxyl group on FB1 facilitates its
degradation (54). FB3 was rarely observed in any winter residue
samples. Generally, consumption of feed containing fumonisins
at greater than 30 µg/g over a prolonged period can cause toxic
symptoms in animals and birds (9, 12, 19, 55). In corn cobs
with grain, average concentrations above this level were found
only in the December sample. Thus, the potential for long-term
exposure of foraging livestock or wildlife to fumonisin should
be minimal.

Zearalenone occurrence in various residues was affected by
sample month, plant part, and the interaction of month and plant
part with no effect of corn isoline (Table 3). Zearalenone was
also degraded more rapidly than aflatoxins (Figure 2C). The
maximum concentrations of greater than 1 µg/g were observed
only in the December sample, and the high level was found in
stover and cobs without grain, which are less likely to be
consumed. Zearalenone was detected in about 90% of samples
in December, whereas it was detected in less than 12 and 6%
of January and February samples, respectively (data not shown).
However, in March samples, zearalenone levels and the
frequency of detectable levels increased in cobs and in stover
compared to earlier in stover. The levels of most mycotoxins
rose in March, presumably reflecting renewed synthesis in
response to rising temperatures and moisture levels, combined
with little alteration in nonbiogenic decomposition rates. The
response was strongest for zearalenone, the production of which
is favored by cooler temperatures (27, 28) than those usually

encountered in the more subtropical regions of the southern U.S.
Zearalenone levels were similar in Bt and non-Bt corn residues
(p > 0.25). Zearalenone can be toxic to animals such as pigs,
sheep, and cattle if present at levels greater than 1 µg/g, but it
is less toxic to poultry (29). Considering that the higher levels
are not associated with cobs containing grain, which would be
preferably grazed by animals or wildlife, the levels of zearale-
none found in corn residues may have minimal risk to these
fauna.

Aspergillus flaWus Propagules in Soil and Corn Residues.
Aspergillus flaVus propagules were readily isolated from all soil
and corn residue samples using semiselective plating techniques
(Table 4). A similar level of A. flaVus propagules was observed
in grain harvested from both Bt and non-Bt isolines, ∼log 4.9
cfu/g with ∼40% of the isolates being aflatoxigenic (data not
shown). All corn residues contained higher levels of A. flaVus
propagules than soil, consistent with previous observations at
harvest (35, 56). In December samples, propagules of A. flaVus
were found in cobs with grain at >10-fold higher levels than
in cobs without grain and at >50-fold higher levels than in
stover. Although there were significant differences in A. flaVus
populations at various times during the winter, these differences

Table 3. Analysis of Variance of Total Aflatoxins, Total Fumonisins, and Zearalenone Concentrations Determined in Aging Corn Residues as Affected by
Sample Date, Plant Part, and Corn (Bt) Isoline

total aflatoxin total fumonisin zearalenone

source of variance F value p > F F value p > F F value p > F

month 4.97 0.0074 203.49 <0.0001 51.92 <0.0001
plant part 73.48 <0.0001 450.47 <0.0001 13.86 0.0015
month × plant part 5.29 <0.0001 176.43 <0.0001 41.08 <0.0001
corn isoline (Bt) 5.83 0.0230 0.19 0.6857 1.46 0.2540
month × isoline 0.12 0.9467 3.46 0.0513 5.07 0.0136
plant part × isoline 1.46 0.2829 1.67 0.2196 0.55 0.5924
month × plant part × isoline 0.88 0.5108 3.83 0.0011 1.64 0.1353

Table 4. Occurrence of Aspergillus flavus Propagules in Soil and Corn
Residue Fractions in Bt and Non-Bt Corn during Winter Months in
Mississippi

variable type
occurrence of A. flavus

(log10 cfu/g)
% aflatoxigenic isolates

month December 4.43a 45.4
January 4.32 35.9
February 4.28 25.2
March 4.52 40.0

LSD (0.05) 0.12 9.1
plant part stover 4.05b 34.8

cobs 4.36 27.0
cobs with grain 5.65 35.6
soil 3.49 49.1

LSD (0.05) 0.14 6.1
corn isoline (Bt) Bt 4.38c 40.0

non-Bt 4.40 33.2
LSD (0.05) 0.13 5.8

source of variance significance (p) significance (p)

month <0.0004 <0.0005
plant part <0.0001 <0.0001
month × plant part <0.0001 0.0003
corn isoline (Bt) 0.7615 0.0113
month x isoline 0.0915 0.7511
plant part × isoline 0.8341 0.1343
month × plant part × isoline 0.7415 0.5003

a Mean of all three plant parts or soil for the given month. b Mean for a given
source (plant part or soil) averaged across all four months. c Mean for all plant
parts and soil averaged for all months for a given corn isoline.
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were not as great as the enrichment in cobs with grain compared
to other samples. There was no significant difference in the total
number of A. flaVus propagules in Bt and non-Bt corn debris
fractions and soil, but there was a significantly higher percentage
of aflatoxigenic A. flaVus in Bt (40%) compared to non-Bt (33%)
corn debris residues and soils (p > 0.01). Soils amended with
Bt crop residues have been reported (57) to cause different
responses in the microbial community contained in the soil, and
the different responses were related to differences in composition
of Bt crop residues, including starch, protein, soluble carbon,
or lignin content. Although total propagule counts were not
affected by the Bt genotype of the residues, altered composition
of the corn residues may have affected the community structure
of the A. flaVus population in corn residues. The highest percent
of aflatoxigenic A. flaVus isolates was observed in soil, whereas
cobs had the lowest percent of aflatoxigenic A. flaVus, while
stover and cobs with grain had similar intermediate percentages.
These data may indicate that different populations of A. flaVus
are colonizing soil than are colonizing various corn parts. It
has been suggested by Wicklow (58) that A. flaVus overwinters
on crop residues as sclerotia, which germinate when environ-
mental conditions are suitable. In Texas field studies, populations
of A. flaVus associated with corn cobs (31) were in a similar
magnitude as those found in the present study in Mississippi.
Companion studies (48) demonstrated that aflatoxin biosynthesis
genes are capable of being expressed in soil sampled in March,
indicating that the A. flaVus soil population is active even in
winter months. Additional study is needed to determine if the
ecosystem provided by corn debris on the soil surface results
in more aflatoxin contamination of the subsequent crop, because
of a larger A. flaVus inoculum available or because of the altered
percentage of aflatoxin-producing Aspergillus spp.

Using more sophisticated analytical techniques, this study
supports previous research (30) indicating that high levels of
aflatoxins can remain in corn debris. In addition, the present
research also indicates that other mycotoxins such as fumonisins
may be present at high levels in residues after harvest, although
they do degrade more rapidly than aflatoxin. In contrast, lower
levels of zearalenone were found in cobs containing grain, which
may be more likely to be ingested by wildlife. This study also
indicates that in December corn debris samples containing
relatively high levels of multiple toxins are observed. Multiple
toxins may have an additive toxic effects on the organism that
is exposed to them (9). This research also confirms that corn
residues contribute to maintaining the reservoir of A. flaVus
propagules on the soil surface and can provide an inoculum for
A. flaVus infestation of future years crops. These risks can be
minimized by implementing tillage to bury corn residues, but
this would be against the concept of sustainable agriculture
intended to improve soil quality by leaving crop residues on
the surface. Thus, the risks of contamination by aflatoxin and
other mycotoxins need to be balanced against gains in soil
quality.
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