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Abstract

Aspergillus section Flavi isolates, predominately A. flavus, from different crops and soils differed signifi-
cantly in production of aflatoxin and sclerotia. About 50% of the isolates from corn, soil and peanut
produced large sclerotia, while only 20% of the rice isolates produced large sclerotia. There was a higher
frequency of small sclerotia-producing isolates from rice compared to the other sources and isolates that
did not produce sclerotia were significantly less likely to be toxigenic than strains that produced large
sclerotia.

Aflatoxin contamination is a serious food safety
problem throughout the world (CAST, 2003).
Several Aspergillus species produce aflatoxins (B1,
B2, G1 and G2) including A. flavus, A. parasiticus
and A. nomius (Hesseltine et al., 1970; Scott,
1987). These fungi are found in food and feed
commodities, as well as air-borne dust, soil, plants
and insects (Horn and Dorner, 1998; Wicklow
et al., 1998; Klich, 2002a). In the southern United
States, there are chronic problems with aflatoxin in
corn, peanuts and cottonseed (Payne, 1992;
Robens and Cardwell, 2003). However, rice is
relatively free of aflatoxin contamination, al-
though Aspergillus species can often be isolated
from it (Abbas et al., 2001).

Among Aspergillus isolates there is great varia-
tion in aflatoxin production especially within the
most common aflatoxin-producing species,
A. flavus. The importance of aflatoxin in food and
feeds, coupled with the large variation in toxige-
nicity has prompted considerable interest in the
intraspecific variability within the species. Subse-
quently, investigations have been carried out on

vegetative compatibility (Papa, 1986; Horn and
Green, 1995; Novas and Cabral, 2002), sclerotial
production (Hessletine et al., 1970; Saito et al.,
1986) and DNA-based profiles (Moody and Tyler,
1990; Keller et al., 1992; Tran-Dinh et al., 1999)
and into the relationship between these characters
and aflatoxin production. Others have described
geographical differences in A. flavus and differences
in isolates from different ecological niches (Klich
and Pitt, 1988; Cotty and Cardwell, 1999). Analysis
of restriction fragment length polymorphism pat-
terns of 269 A. flavus isolates from maize kernels,
soil, insects and air demonstrated a high level of
genetic diversity with no clear relationship between
subpopulations and source (Wicklow et al., 1998).

The phenotypic variation within A. flavus
allows the species to be subdivided into groups
based on morphology. One such characteristic is
sclerotial size, the large strain (L) having scle-
rotia >400 lm in diameter and the small strain
(S) with sclerotia <400 lm (Horn, 2003). The S
strain was first recognized by Hesseltine et al.
(1970) and was formally described as a variety
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(A. flavus var. parvisclerotigenus) by Saito and
Tsuruta (1993). The type culture of A. flavus var.
parvisclerotigenus produces only B aflatoxins, but
other S strain isolates produce both B and G
aflatoxins (Hesseltine et al., 1970; Geiser et al.,
2000; Novas and Cabral, 2002). Geiser et al.
(1998 and 2000) stated that the molecular char-
acter of A. flavus is nonmonophyletic and is
separable into two genetic groups that cannot be
readily distinguished morphologically. Group I
consists of both L and S strains that produce
only B aflatoxins and group P comprises S
strains that produce B or B+G aflatoxins.

The relative distribution of the L and S
strains in agricultural commodities and soil, and
the quantity and type of aflatoxins produced by
isolates from various sources has not yet been
investigated. This study sought to answer such
questions and shed light on the patterns of
aflatoxin production and distribution in the soil
compared to crops grown on that soil. The
aflatoxin producing potential of 517 isolates of
A. flavus from the Mississippi River Delta region
was characterized. This large collection was also
evaluated for sclerotial production to character-
ize any relationships between aflatoxin produc-
tion, source of isolate and sclerotial type.

Surface soils (0–5 cm) and commodities were
collected from commercial and experimental sites
under various crop management practices in Mis-
sissippi and Arkansas (Table 1). No soils were
collected from rice or peanut sites, and only isolates
from soils previously cropped in corn were assessed
in this study. Soils were diluted in agar solution
(2 g l)1) and plated on modified dichloronitroani-
line rose bengal (MDRB) agar (Horn and Dorner,
1998). Corn samples (10 ears per site) were col-
lected (Abbas et al., 1988). Depending on sample
size, 50 or 100 kernels or seeds from each crop were
surface sterilized by soaking in 2.5% sodium
hypochlorite for 1 min, rinsed three times in sterile
tap water, and transferred to MDRB agar. When
possible, 3–5 discrete colonies were selected from
each sample from MDRB plates and cultured on
potato dextrose rose bengal media (PDA, Difco
Laboratories, Detroit, MI). Cultures were main-
tained on homemade Czapak slants (Horn et al.,
1996) and silica gel (Windels et al., 1988). Most of
the isolates (99%) were A. flavus and the remainder
comprised A. nomius (2 isolates ) and A. parasiticus
(2 isolates).

Aflatoxigenic potential was analyzed from fun-
gal biomass obtained from 5 day-old PDA cultures
with commercially available ELISA kits (‘‘Ver-
tox’’, Neogen Corp., Lansing, MI) Abbas et al.,
2004). All experiments were carried out at least
two times. Aflatoxin recovered from aqueous
methanol extracts from fungal biomass repre-
sented 58–92% of the total aflatoxin produced in
the cultures (data not shown). In atoxigenic iso-
lates no aflatoxin was recovered from the biomass
or the medium.

Identification of Aspergillus species was based
on the morphological criteria of Klich (2002b).
To assay for sclerotial production, isolates were
transferred to homemade Czapek agar slants and
incubated for 2 weeks at 30 �C in darkness
(Horn et al., 1996; Horn and Dorner, 1998). S-
(<400 lm) and L- (>400 lm) selerotial type of
each culture was confirmed by measuring the size
of the sclerotia. Briefly, a sample of one hundred
sclerotia from each culture was evaluated by
measuring sclerotial size using a reticle in a 10·
Nikon Stereo Microscope (Nikon Inc., Garden
City, NY, USA) connected to SSM-2010, Trini-
tron Colour Monitor (Sony Corporation, Japan).

Each isolate was identified by source, sclerotial
type and the level of aflatoxin production in cul-
ture. Isolates were categorized as ‘none’ if less than

Table 1. Sources of isolates used in present study

Source Number of

isolates

Year Location

Soil 224 2000, 2001 16 sites in MS1

Corn 183 2000, 2001 4 sites in MS2

Rice 67 2000

2001

AR (86 samples)3

4 sites in MS (16

samples)

Peanut 43 2002 4 sites in MS4

Total 517

1 Collected by authors from 12 commercial production sites and

4 experimental sites (Abbas et al., 2004).
2 Collected by authors from 2 commercial production sites and

2 experimental sites.
3 Unpolished rice grain samples (n = 86) were obtained from

Rick D. Cartwright, Cotton Branch Experimental Station,

University of Arkansas, Little Rock, Arkansas. 16 additional

unpolished rice samples collected by authors (Abbas et al.,

2001).
4 Provided by Hector Portillo, BASF, Greenville, Mississippi

and J. Ethridge, Valent USA Corp., Mid-South Agricultural

Research Centre, Greenville, Mississippi.

284



20 ppb aflatoxin was detected, ‘low’ if aflatoxin
levels were between 20 and 10,000 ppb and ‘high’
for isolates that produced greater than 10,000 ppb
in culture. Differences in aflatoxin production
among isolates when sorted by source or by scle-
rotial type were evaluated for significance by a
Chi-Squared test. Similarly, a Chi-Squared test
evaluated the distribution of sclerotial types
among sources.

The large number of isolates included in this
study permitted a comprehensive investigation of
the relationships between aflatoxin and isolate
source and sclerotial production. The toxigenic
potential of isolates and the distribution of scle-
rotial types differed according to source (Figures 1
and 2). Also, isolates from different sources sig-
nificantly differed by sclerotial type (Figure 2).
Taken together, this would reject a hypothesis that
the A. flavus population is randomly distributed.
Instead, it would seem that in the small geographic
area studied, different A. flavus populations are
preferentially isolated from particular niches. It is
often assumed that the primary inoculum for
A. flavus infection of corn comes from conidia
produced by overwintering sclerotia and mycelia
in the soil (Payne, 1992). This is not consistent
with the observation that among Mississippi Delta

Aspergillus isolates, the relative frequency of afla-
toxin production among corn isolates is different
than the frequency of aflatoxin production among
soil isolates (Figure 1). Corn had a smaller pro-
portion of high aflatoxin-producing isolates than
the soil isolates with no corn isolates producing
small sclerotia. This might suggest that either there
are other significant sources of primary inoculum
or that the virulence of the A. flavus isolates on
corn differs with toxigenicity and sclerotial types.
Furthermore, it is possible that many of the low
aflatoxin-producing isolates on corn do not over-
winter efficiently in soil. The distribution of afla-
toxin-producing isolates might be related to the
ecological role of aflatoxin production (Ehrlich,
1987); however, the real role of aflatoxin in the
ecological competence has not been fully eluci-
dated.

Overall, A. flavus recovered from rice had the
lowest incidence of atoxigenic isolates, and the
lowest percentage of sclerotial producers. About
25% of unpolished rice collected from Arkansas
and Mississippi contained 20–270 ppb aflatoxin
(Abbas et al., 2001). In a three-year study of rice
from Texas, no aflatoxin was found in one year,
but in the other two years about 16% of rice
samples contained 2–282 ppb aflatoxin (Schroed-
der and Boller, 1973). Furthermore, only 20–58%
of Aspergillus isolates from the Texas rice samples
produced aflatoxin in vitro. It would be appropri-
ate for future studies to assess the characteristics of
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Figure 1. Aflatoxin production by Aspergillus isolates, as

determined with ELISA and separated by source. Isolates

evaluated include: corn ¼ 183; peanut ¼ 43; rice ¼ 67; and

soil ¼ 224. *Source is significantly different from the overall

distribution at the 0.05 level. **Source is significantly different

from the overall distribution at the 0.001 level. None includes

isolates producing less than 20 ppb. Low includes isolates

producing between 20 and 10,000 ppb. High includes isolates

producing 10,000 ppb or more.
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Figure 2. Sclerotial production by Aspergillus isolates on Cza-

pek agar medium, separated by source. Isolates evaluated

included: corn ¼ 183; peanut ¼ 43; rice ¼ 67; and soil ¼ 224.

* Source is significantly different from the overall distribution at

the 0.05 level.
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Aspergillus Flavi section in rice soils. The man-
agement practices, especially flooding, during rice
production may affect the microbial community
(Reichardt et al., 2001); thus flooding may also
have an impact on Aspergillus populations.

Previous reports based on the morphological
properties of A. flavus isolates have grouped them
into two classes of sclerotial sizes (Cotty, 1989;
Orum et al., 1997). Horn (2003) designated A.
flavus isolates that produce sclerotia with an
average diameter of <400 lm as S strains (small
sclerotial producers) and those that produce scle-
rotia with an average diameter of >400 lm as L
strains (large sclerotial producers). In a 3300 km
transect from Texas to Virginia, Horn and Dorner
(1998) found that the S strain was most abundant
only in a limited area of Texas and Louisiana,
while the L strain was dominant from Mississippi
to Virginia and suggested that the distribution was
related to environmental factors.

In this study, overall about 50% of the isolates
from corn, soil and peanut produced large sclero-
tia, while only 20% of the rice isolates produced
large sclerotia (Figure 1). The overall distribution
of sclerotial types among the rice isolates was
significantly different than the overall distribution.
There was a non-random relationship between the

sclerotial type and the production of aflatoxin;
that is, strains that did not produce sclerotia were
significantly less likely to be toxigenic than strains
that produced large sclerotia. The isolates pro-
ducing the highest levels of aflatoxin were found
with the highest abundance among the isolates
with large sclerotia (Figure 3). This differs from
the findings of Chang et al. (2001) who found an
inverse relationship between aflatoxin and sclero-
tial production. It also differs from the results of a
survey of 70 isolates from Arizona where all iso-
lates produced sclerotia and S-strain isolates pro-
duced about ten times more aflatoxin, in vitro,
than the L-strain isolates (Cotty, 1989).
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