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Abstract

Soil is presumed to be a major source of inoculum forAspergillus flavuswhich contaminates cottonseed and
produces the potent carcinogen, aflatoxin. Little is known about the mycoflora of the low desert soils of cotton fields
where aflatoxin is a chronic problem. In this study, soils from cotton fields in southwestern Arizona and south-
eastern California were assayed for filamentous fungi. Forty-two taxa, predominantly in the generaAspergillus,
PenicilliumandFusarium, were isolated. To determine whether or not compounds produced by these fungi could
be potential inhibitors ofA. flavus, extracts of strains of each taxon were tested for their ability to inhibit growth of
A. flavus. Twelve taxa produced compounds inhibitory toA. flavus, including several strains ofFusarium solani,
Penicillium vinaceumandAspergillus auricomus.
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Introduction

Aflatoxin is a secondary metabolite ofAspergillus
flavusandA. parasiticus. It is highly carcinogenic and
regulations allow only minute amounts of this com-
pound in foods and feeds – generally 20 parts per
billion in the USA [1]. Although aflatoxin can be a
post-harvest problem in many crop seeds, post-harvest
contamination can be controlled by proper storage of
the product. Field contamination of oilseed crops is a
much more difficult problem, and complete control of
aflatoxin has not been achieved.

Several biological/biorational control strategies
have been developed to control aflatoxin, includ-
ing competitive exclusion, mycoparasitism and biora-
tional control. Cottyet al. [2] have studied intraspe-
cific variations inA. flavusstrains in cotton fields, with
the objective of using non-toxigenic strains to com-
petitively exclude the aflatoxin producers in the field.
This assumes genetic stability ofA. flavusstrains,
an assumption which is currently being questioned
[3]. Studies usingPaecilomyces lilacinus, Bacillus
subtilis, and an antifungal compound, iturin A, pro-
duced byB. subtilishave shown inconsistent results in

controllingA. flavus/parasiticusgrowth and aflatoxin
production [4–7].

In cotton in the field, environmental factors, cul-
tural practices, insect damage and the physiological
status of the plant all play a role in aflatoxin for-
mation [1]. Soil containing plant debris is generally
considered to be a major source of inoculum for seed
infection byA. flavus. Although a survey of the fungi
of undisturbed soils in the Sonoran Desert has been
published [8], little is known about the ecology ofA.
flavusin cotton field soils in high aflatoxin areas or the
other fungal species with whichA. flavusmay be inter-
acting. No studies have been conducted to determine
the mycoflora of these soils or to assay them for com-
pounds which could potentially inhibitA. flavus. Such
compounds could be important as new antifungals or
could be used to enhance potential biocontrol strate-
gies in cotton field soils. The purpose of this study
was to determine which fungi are present in the low
desert cotton field soils where aflatoxin is a chronic
problem, and to screen these fungi for potential use in
biorational control strategies.
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Materials and methods

Fifteen soil samples were taken from each bed and
furrow in each of three cotton fields (1. Brawley, Cal-
ifornia; 2. Yuma, Arizona; 3. Gila Bend, Arizona) in
June and August of 1992. Fields 1 and 2 were sampled
again in June of 1993. Samples were assayed for fungi
by both the spread plate method in which aliquots of
a soil–water suspension were spread on agar media
and by direct plating of soil particles on agar media.
Isolation media included Littman Oxgall, DG18 and
Malt Extract agars incubated at 25◦C or 37 ◦C for
7 days [9]. Colonies were transferred to appropriate
media for identification. To obtain as wide a diver-
sity of fungi from the soils as possible, samples were
processed by both the soil–water suspension and direct
plating methods until no new taxa were found regu-
larly. Identification was accomplished using standard
identification keys to the various taxa [10–14].

Two methods were used to assay forA. flavus
inhibitory metabolites, thin layer chromatography
(TLC) and disc bioassays. Metabolite extraction for
TLC and disk bioassays was accomplished by invert-
ing a two dram vial and collecting two agar plugs
from each medium. To the vial containing 4 to 10
plugs, 2.0 ml of a 1 : 1 methylene chloride/acetone
solution was added. The vials were shaken gently
several times and then left overnight to allow the
solvent to evaporate to about 400µl. About 70 µl
was spotted onto TLC plates and then developed in
a toluene/ethyl acetate/90% formic acid, 5:4:1 v/v/v
solution. The plates were dried completely, and then
overlaid with a thin spray of potato dextrose agar. An
aqueous spore suspension ofA. flavuswas spread over
the agar surface and inhibitory zones were noted after
4–7 days incubation. For disk bioassays, about 30µl
of the methylene chloride/acetone/fungal metabolite
solution was placed on 6 mm sterile paper disks. These
and control discs (methylene chloride/acetone solution
only) were air dried and then placed on potato dextrose
agar plates seeded with a spore suspension ofA. flavus
SRRC 1000A. Inhibitory zones were noted after 4–7
days incubation. Isolates were considered inhibitory if
the zone of inhibition was 7 mm or more in diameter
on the disk assay and had inhibitory zones of at least 3
mm on the TLC plates.

Results

Forty-two fungal taxa belonging to 14 genera were iso-
lated from the soils of the three cotton fields (Table 1).

They included an undescribed taxon with characteris-
tics of bothA. nidulansandA. rugulovalvus, as well
as the rarely reported speciesPenicillium vinaceum
and Corynascus sepedonium. Among the genusAs-
pergillus, A. flavus, A. niger, and A. terreuswere
common in all three fields. Among the other genera,
only Acremoniumspp. andStachybotrys chartarum
were isolated from all three fields.

Of the 42 taxa, extracts from isolates of 12 taxa
inhibited growth ofAspergillus flavus(Table 1). Three
of these,A. auricomus, Fusarium solani, andPeni-
cillium vinaceum, were isolated from more than one
field, with more than one isolate from each of these
fields being inhibitory toA. flavusgrowth.

Discussion

Direct comparison of these results with those from
other studies is not possible because no previous study
has involved only desert cotton field soils and the sam-
pling methods used by different researchers studying
other types of desert soils varied. Nonetheless, the 42
taxa isolated in this study are comparable in number of
taxa to those reported in other studies of desert soils [8,
15–17]. Soils in these harsh environments with high
temperatures and fluctuating water availability appar-
ently cannot support as diverse a fungal population as
soils in more temperate areas.

Comparison of data presented by Ranzoni [8] on
fungi from undisturbed Sonoran Desert soils to that
in the current study suggests that the fungi isolated
from cotton field soils may include both true desert
species as well as fungal ‘weeds’ that occur in the
soils disturbed by cultivation. The three most common
aspergilli isolated in the Ranzoni study [8] wereA.
awamori(now considered to be a variety ofA. niger),
A. fumigatusandA. caespitosus. Aspergillus fumigatus
was not isolated from cotton field soils. In the current
study, the common cotton field soil aspergilli wereA.
flavusandA. terreus, but these were relatively rare in
the undisturbed soils. Of the fusaria, onlyF. semitec-
tum was common in both cultivated and uncultivated
soils. Of the penicillia isolated in this study, i.e.P.
funiculosum, P. griseofulvumand P. vinaceum, only
P. funiculosumwas reported by Ranzoni [8].Acremo-
nium(Cephalosporium) species were common in both
the Ranzoni study and the present study.Stachybotrys
chartarum(S. atra) was isolated from all three cotton
fields and five of the virgin desert soil locations. Mem-
bers of the Mucorales were not detected in the present
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Table 1. Fungi isolated from soil of three cotton
fields in the desert Southwest and ability of their
extracts to inhibit growth ofAspergillus flavus.

Fielda

Fungal taxon 1 2 3

Aspergillus

auricomus +∗b +∗
caespitosus +

carneus +

chevalieri +∗ +

flavus + + +

vitis + +

nidulans + +∗
nidulans/rugulovalvus + +

niger + + +

niveus + +

ochraceus + +∗
rugulovalvus +

terreus + +∗ +

versicolor +

Fusarium

equiseti +∗ +

moniliforme + +

oxysporum +∗
semitectum + +

solani +∗ +∗
other +∗ +

Penicillium

citrinum +

chrysogenum +

emmonsii +

islandicum +

funiculosum + +

griseofulvum + +

pinophilum +

purpurogenum +

restrictum +

spinulosum +

vinaceum +∗ +∗
Acremoniumspp. + + +

Alternaria spp. + +

Chaetomiumspp. + +

Cladosporiumspp. + +

Colletotrichumspp. +

Corynascus sepedonium +∗
Geotrichumsp. + +

Gloeosporioidessp. +

Paecilomyces lilacinus + +

Phoma(Phoma-like isolates) + +

Stachybotrys chartarum +∗ + +

a Fields 1 and 2 sampled 3 years, field 3 only 1 year.
b +: indicates fungus present and∗: inhibitory to A.
flavus.

study, and were very rare in the Ranzoni study except
for a single species ofRhizopus.

In the current study, compounds from 12 different
fungi found in cotton field soils in California and Ari-
zona were found to inhibitA. flavus. Based on their
repeated occurrence in different fields and the num-
ber of strains producing inhibitory compounds, the
three most promising fungal species appear to bePeni-
cillium vinaceum, Fusarium solaniand Aspergillus
auricomus. The rarity ofP. vinaceumin most soils may
preclude its use as an aflatoxin biocontrol organism.
It has been isolated from soils in Utah, and cotton
rhizosphere in Egypt only [14]. However, given the
strongA. flavus-inhibitory capabilities ofP. vinaceum,
further investigations into its ecology and physiology
appear warranted. The other two fungi which con-
tained A. flavus-inhibitory strains, Fusarium solani
andA. auricomus, both have negative roles in the cot-
ton ecosystem sinceF. solani is a plant pathogen and
A. auricornusis a common contaminant of cottonseed.
Therefore, increasing populations of these two fungi
in the soils would not be desirable; however, char-
acterizing theA. flavus-inhibitory compounds they
produce for possible use in the field control ofA. flavus
populations is warranted.
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