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Abstract

Isolates of Aspergillus flavus obtained from a new growing peanut region in Argentina (Formosa province) were examined

for aflatoxin types B and G and cyclopiazonic acid (CPA) production. Sclerotia diameters and the number of sclerotia produced

per square centimetre were also determined for each isolate. They were tested by vegetative compatibility group analysis to

investigate their genetic relatedness and correlate the results with vegetative compatibility groups previously described from the

major peanut-growing area (Córdoba province) in our country. Two isolates were considered atypical because they

simultaneously produce aflatoxins B and G and CPA.

A. flavus population from Formosa province was very diverse genetically. Vegetative compatibility groups (VCGs) formed

by typical isolations of A. flavus were different among agroecological sites. Formosa isolates could not be grouped to any of the

Córdoba VCGs, while that one of the VCGs that contain atypical isolates included strains from the two geographical regions.

Each VCG included isolates of the same mycotoxin and sclerotia production pattern. The two regions analysed have different

climatic conditions, soil type, crop sequence history and also are in different latitude. These parameters may reflect different

geographic adaptation between isolates from both sites.
D 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Peanuts, corn and cottonseed are often invaded

before harvest by Aspergillus flavus Link. This fun-
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gi produce aflatoxins, potent natural carcinogens,

and cyclopiazonic acid (CPA), which is toxic to a

variety of animals and has been implicated in human

poisoning (Rao and Husain, 1985; Peraica et al.,

1999). Date from different geographical areas dem-

onstrate a great variability in the mycotoxin produc-

ing potential of A. flavus. It has been suggested that

strains with different aflatoxin-producing ability may
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interact with host genotypes to influence rate

of aflatoxin production. Knowledge of subpopulation

of toxicogenic A. flavus species in each region

would be very useful in local agricultural manage-

ment practices.

A. flavus can be divided into two groups of strains.

The S strain, produces high levels of aflatoxins and

numerous small sclerotia that are, on average, < 400

Am in diameter (Cotty, 1989). This isolates has been

referred to as atypical (Saito et al., 1986) and also

named A. flavus var. parvisclerotigenus (Saito and

Tsuruta, 1993). The L strain produces fewer, larger

sclerotia that are >400 Am in diameter and, on

average, less aflatoxin (Saito et al., 1986; Cotty,

1989; Bayman and Cotty, 1993). S strain isolates

from Thailand, Australia, Benin and Argentina are

producers of AFB, or AFB and AFG (Hesseltine et al.,

1970; Saito et al., 1986; Blaney et al., 1989; Cotty and

Cardwell, 1999; Vaamonde et al., 2003). However, in

North America, only S strain producers of AFB have

been reported (Cotty and Cardwell, 1999; Horn and

Dorner, 1999). Phylogenetic studies of A. flavus have

shown that it consists of two subgroups (groups I and

II) (Geiser et al., 1998; Tran-Dinh et al.,1999): Most

group I strains produced AFB, and most group II

strains produced both AFB and AFG. All group II

isolates presented S sclerotium phenotype, whereas

group I strains consisted of both S and L isolates

(Geiser et al., 2001).

Gene flow within species is limited by a vegetative

(also termed somatic or heterokaryon) compatibility

system (Papa, 1986; Bayman and Cotty, 1991a).

Populations of A. flavus comprise numerous subpo-

pulations called vegetative compatibility groups

(VCGs) that have been associated with many mor-

phological and physiological features (Bayman and

Cotty, 1993; Horn and Greene, 1995; Horn et al.,

1996; Novas and Cabral, 2002).

Knowledge of regional differences in the toxige-

nicity and genetic diversity of A. flavus populations

may help in understanding the population dynamics

and also give important information that could be

used in determination of which control measures are

most effective in reducing preharvest aflatoxin con-

tamination. For example, the use of atoxigenic A.

flavus strain, as a biological control agent, to prevent

contamination through competitive exclusion of toxi-

genic strains during infection (Cotty, 1994; Garber
and Cotty, 1997). Regional differences in aflatoxin

contamination of crops may be attributable to cli-

matic conditions and to agricultural practices that

increase susceptibility of plants to invasion by A.

flavus. Drought stress accompanied by elevated tem-

peratures during seed development promotes A. fla-

vus invasion and subsequent aflatoxin contamination

of peanuts (Diener et al., 1987; Horn and Dorner,

1999).

In Argentina, the major peanut-growing region is

localized on the center of Córdoba province, but due

to the increasing economical importance of this le-

gume (Harvez, 1996), new regions, like Formosa

province, are seeking to introduce this crop.

In the present study, we present the results of

VC experiments of A. flavus isolates from peanut

seed sampled from a peanut field in Formosa pro-

vince, VCG diversity and aflatoxin production also

were analyzed. Furthermore, we evaluated any re-

lationship between VCGs and mycotoxin produc-

tion, sclerotia size and number and geographical

origin, comparing with VC results from Córdoba

province previously obtained by Novas and Cabral

(2002).
2. Materials and methods

2.1. Isolation of Formosa strains

Undamaged pods were collected in 2001 harvest

from a single peanut field at Las Lomitas in Formosa

province. This was a experimental field, and it

represents the first report of a peanut field grown

in Formosa, Argentina.

The sample was processed immediately after har-

vest, undamaged pods were selected and mixed uni-

formly. They were first surface sterilized in 2%

NaOCl with 100 Al/l Tween 20 (1 min) followed by

a brief sterile water rinse and then hand shelled, 600

seeds from different pods were individually surface

sterilized in test tubes in the same manner followed by

three water rinses. Seeds were plated on Dichloran-

18% glycerol agar (DG18) and incubated 7 days at

25 jC.
Species of Aspergillus that developed from the

seeds were identified directly on the plates according

to Klich and Pitt (1988) and Pitt and Hocking
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(1997). A. flavus isolates were transferred to slants

of Czapek-Dox agar (Cz) and incubated for 14 days

at 25 jC; S and L strains were included in this

study.

2.2. Sclerotia production

Plates 6 cm in diameter (three replicate per

isolate) containing Cz were inoculated with mycelia

and incubated at 30 jC in darkness for 14 days,

sclerotia were obtained according Novas and Cabral

(2002).

When an isolate did not produce any sclerotia

under the culture conditions of this study, we incu-

bated this isolate on peanut seed previously auto-

claved with distilled water. If this procedure failed,

we considered that this isolate did not produce

sclerotia.

2.3. Sclerotia size and number

A Petri dish, 60� 15 mm with 10 mm grid, was

used like gridline. To assess diameters, sclerotia

were spread out on the gridline plate and measure-

ments of 30 sclerotia per replicate were recorded. It

was assumed that sclerotium shape was approxi-

mately a prolate spheroid. Isolates were classified as

S or L strain (Cotty, 1989; Novas and Cabral,

2002). Sclerotia were enumerated by counting four

squares of 1 cm2 each, chosen randomly, from each

replicate.

2.4. Aflatoxin and CPA analysis

The production of AFB, AFG and CPA was tested

using the screening method of Filtenborg and Fris-

vad (1980) and Filtenborg et al. (1983). A small

agar-plug from 7 days pure culture growing over a

solid substrate, Czapek-yeast extract agar (CYA), at

25 jC was removed and transferred directly to a

thin-layer chromatography (TLC) plate.

Mycotoxin detection was performed using TLC

on silica gel G60 plates (20� 20 cm, 0.25 mm

thick, Merck5721, Germany). Chloroform–acetone

(90:10) was used as developing solvent for afla-

toxins and ethyl acetate–2-propanol–ammonium

hydroxide (40:30:20) for CPA (Fernandez Pinto

and Patriarca, 2001). Aflatoxins were visualized
under long-wave UV light (366 nm) and CPA in

daylight after treatment of the plates with Erlich’s

reagent (1 g of 4-dimethylaminobenzaldehyde in 75

ml ethanol and 25 ml concentrated HCL), with

subsequent development of blue spots.

2.5. Isolation and complementation of mutants

Complementary nitrate non-utilizing (nit) mutants

were obtained on plates of Cz containing 25 g/l of

potassium chlorate (Bayman and Cotty, 1991a) with

pH unadjusted. Cultures were incubated at 30 jC
for 1–3 weeks until chlorate-resistant sectors arose.

Hyphal tips from fast growing sectors were

transferred to plates of Cz (nitrate medium) and

tested for auxotropy. Phenotypes were determined

by growth on Cz with nitrate replaced by other

nitrogen sources (Cove, 1976). nit Mutants were

identified as: niaD (nitrate non-utilizing), nirA

(nitrite and nitrate non-utilizing) and cnx (hypo-

xantine and nitrate non-utilizing).

Complementary pairings of niaD, nirA and cnx

mutants within each isolate were initially made to

establish self-compatibility (Correl et al., 1989).

Isolates that did not demonstrate self-compatibility

were excluded from the analyses.

Pairs of mutants were inoculated 15 mm apart

in the centre of Cz plates and incubated for 21

days at 30 jC. Complementation was indicated by

a zone of dense, wild type growth, often accom-

panied by sclerotium formation. For each isolate, a

niaD, a nirA and/or a cnx were selected as testers

for pairing with new nit mutants.

2.6. VCGs

To establish Formosa VCGs, testers were paired

in all possible combination and isolates that com-

plemented each other were assigned to the same

VCG; as each group of new compatible nit mutants

was generated, they were paired against all testers

for VCGs recognised at time. All positive reactions

were repeated for verification.

Isolates of A. flavus from Formosa province

were paired against isolates from Córdoba province

to test the consistency of regional differences in

aflatoxigenicity within VCGs. These included For-

mosa VCGs established in this study, isolates in



Fig. 1. Map of Argentina Republic showing agroecological zones

from which A. flavus peanut seed isolates were obtained. (A) Las

Lomitas, Formosa province; (B) Córdoba province.

Table 1

Production of sclerotia, type B and G aflatoxins (AFB, AFG) and

CPA by isolates of A. flavus from Formosa province, Argentina

AFB AFG CPA Percent of isolates

production production production
L strain

(n= 28)

S strain

(n= 3)

Nonea

(n= 9)

+ � + 89.3 33.3 44

� � + 10.7 0 56

+ + + 0 66.7 0

a None = sclerotia were not produced under our culture

conditions.
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each of 13 previously determinate VCGs (Novas

and Cabral, 2002) and one S strain (M5N9) that

produce AFB and AFG, not included before. All of

them came from seeds of 19 peanut fields in

Córdoba and 1 experimental field in Formosa

province.

All members of each Formosa VCG were tested

for complementation against all isolates or only

one (in cases where VCG was represented by

one single isolate) of each VCG formed by Novas

and Cabral (2002).

2.7. Sampling zones climatic conditions

The two different agroecological zones in the

provinces of Córdoba and Formosa have the same

seasonal pattern (November–May) but distinct rain-

fall and maximum temperature. Las Lomitas, Formosa

province (24–25j, South latitude), has subtropical
climate, average rainfall between 700 and 800 mm

and high maximum temperature (December, January,

February) of 28–45 jC. Córdoba peanut region (31–

33.5j, South latitude) has template weather, average

rainfall between 800 and 900 mm and maximum

temperature (December, January, February) of 25–

32 jC (De Fina, 1992) (Fig. 1).

2.8. Data analysis

The correlation for aflatoxin and sclerotia produc-

tion was determined using the Fisher’s exact test for

dichotomous nominal-scale data (P < 0.005) and the

Cramer coefficient (/). To compare percentages of

nit mutants, proportion test was utilized (P < 0.005)

(Zar, 1996). Sclerotia data (number and diameter)

of VCGs with two or more isolates were statistically

analysed using an unbalanced hierarchically two

level nested ANOVA design, followed by least sig-

nificant difference (LSD) mean separation tests

(P= 0.05). The statistical analyses were performed

by using Statistix for Windows, version 2.1 Analyt-

ical Software.
3. Results

3.1. Isolates characteristics

Table 1 shows characteristics of A. flavus strains

(n = 40) isolated from peanuts seeds from Formosa,

Argentina. Seventy eight percent of the isolates

were sclerotia producers under our culture condi-

tions and on peanuts seeds. Three of these sclerotia

producers were classified as S strains (sclerotia



Table 2

A. flavus isolates VCG, toxicogenic and morphological character-

istics
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< 400 Am in diameter). Eighty-nine percent of the L

strain isolates produced AFB and CPA, and no

isolates that produced only aflatoxin were observed.
Fig. 2. Pairings on Cz of nitrate nonutilizing (nit) mutants of A.

flavus peanut seeds isolates for VCG determination. Plates were

photographed after 15 days of incubation. Lines of robust mycelial

grouth between nit mutants indicate compatible reactions. In (A),

self-compatible isolates LLF9 (A1 = cnx; A2 = niaD) and LLF40

(B1 = cnx; B2 = niaD) are in differents VCGs. (B) Heterokaryon

formation between self-compatible isolates, LLF9 (A1 = cnx;

A2 = niaD) and LLF8(B1= cnx; B2 = niaD), since they belong to

the same VCG.

Isolatesa Sclerotia

meanb
Sclerotium

diameter

(Am)F S.D.c

Strain

isolated
Categorye VCGf

LLF8 29.83b 564F 188.8b L I N

LLF9/

1005g
22.25b,c 463.9F 136.8b L I N

LLF25 2.25d 566.4F 148.7a L I N

LLF36 2.42d 864.3F 186.4a L I N

LLF3/

001g
Noneh Noneh – I O

LLF17 Noneh Noneh – I O

LLF22 Noneh Noneh – I O

LLF35 Noneh Noneh – I O

LLF14 21b,c 472F 218.4c L I P

LLF40/

400g
6.83c,d 730.6F 94.9a L I P

LLF5/

002g
Noneh Noneh – IV Q

LLF30 Noneh Noneh – IV Q

LLF37/

792g
230.75a 259.8F 81.8d S II R

M5N9/

769g
224.33a 238F 59.18d S II R

LLF1 Noneh Noneh – IV S

LLF7 6.44 595.2F 156.6 L IV T

LLF10 78.33 542F 203.5 L I U

LLF13 0.42 538.93F 152.5 L IV V

LLF15 Noneh Noneh – I W

LLF21 62.5 522F 215 L I X

LLF16 34.92 437.6F 136 L I Y

LLF18 3.83 530F 151 L IV Z

LLF33 Noneh Noneh – IV A1

LLF34 32.25 554.5F 151.5 L I b1

LLF39/

1076g
224.27 232.4F 69.7 S II C1

a A. flavus culture designation.
b Mean per square centimeter, based on four square centimeters,

chosen randomly, from each of the three replicate plates per isolate

on Cz. Means that not sharing a commom letter are significantly

different (P < 0.05) according to a least significant difference test.
c Means based on 30 sclerotia, chosen randomly, from each of

the three replicates plates per isolate. Means that not sharing a

commom letter are significantly different ( P< 0.05) according to a

least significant difference test.
d L strain produce sclerotia >400 Am in diameter, S strain

produce sclerotia < 400 Am in diameter (Cotty, 1989).
e I: isolates produce type B aflatoxinsand CPA; II: isolates

produce types B and G aflatoxins and CPA; IV: isolates produce

only CPA (Novas and Cabral, 2002).
f VCG designation correlative with Novas and Cabral (2002).
g BAFC cult: Culture Collection number, Facultad de Ciencias

Exactas y Naturales, Universidad de Buenos Aires, Argentina.
h None = sclerotia were not produced under our culture

conditions.
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Two of the three S strain isolates produced AFB,

AFG and CPA (Table 1).

Production of AFB and sclerotia for the Formosa

isolates was significantly correlated according to the

Fisher’s exact test (P < 0.005), and there was also a

positive association for the Cramer coefficient (/ =

0.57; /max = 1); n = 40.

3.2. nit Mutants

They were obtained from 38 isolates of the For-

mosa field. Two additional isolates never produced nit

sectors and were discarded. Out of 38 isolates, from

which at least two types of nit mutants were recov-

ered, 24 were self-compatible.

Mutants (n = 235) were tested for growth on dif-

ferent nitrogen sources and classified according to

Cove (1976): 71.7% were niaD mutants, 16.6% were

cnx mutants and 11.7% were nirA mutants.

3.3. VCGs

Sixteen VCGs were revealed from complemen-

tation test, with a total of 25 isolates (including one

isolate from Córdoba province). As previously men-

tioned, compatibility was identified by a line of

wild-type growth at the zone of interaction (Fig. 2).

The remaining isolates (n = 14) could not be

assigned to any VCG, because complementary pairs

of mutants were not obtained or the isolates pair-

ings failed to generate the heterokaryon (vegetative

incompatibility).
Fig. 3. Distribution of A. flavus peanut isolates from Las Lomitas and fro
Isolates within each VCG are all sclerotia pro-

ducers, or they are all nonproducers. Furthermore,

sclerotia producers within each VCG group are either

L or S strain, not both. Analyses of variance showed

significant differences among VCGs (P < 0.05) in the

number of sclerotia per square centimeter and in

sclerotia size. However, isolates within a VCG were

also significantly different in sclerotia size and

number, except in VCG R (Table 2). All Formosa

A. flavus isolates from VCG N, O and P produced

AFB and CPA, while the isolates of VCG R and C1

produced AFB, AFG and CPA. The largest Formosa

VCGs (N, O) included 4 isolates, 3 included two (P,

Q, R) and the last 11 were represented by a single

isolate (Table 2). Formosa VCG diversity index,

expressed as the number of groups divided by the

total numbers of isolates (Horn and Greene, 1995)

was 0.64.

Fig. 3 shows the distribution of the 24 Formosa

isolates among 16 VCGs and 26 Córdoba isolates (25

which composed 13 VCGs, and M5N9). None of the

isolates from the 16 VCGs of Formosa complemented

with isolates from the 13 VCGs formed by Novas and

Cabral (2002) in A. flavus isolates from Córdoba,

except atypical isolate LLF37 that was compatible

with M5N9 (VCG R) from Córdoba province, not

included by Novas and Cabral (2002). However, VCG

R members were incompatible with the VCG (C)

formed with the rest of the Córdoba atypical strains,

and they were also incompatible with the other

atypical isolate from Formosa (LLF39 in VCG C1)

(Fig. 3).
m Córdoba fields among vegetative compatibility groups (VCGs).
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4. Discussion

Scarce studies have been carried out on A. flavus in

peanut seeds in Argentina and South America. In

1979, Vaamonde and Varvsavsky reported the isola-

tion and characterization of A. flavus and A. para-

siticus strains from different peanut varieties grown in

Argentina and Paraguay. Vaamonde et al. (1995)

presented a morphological and toxicogenic descrip-

tion of 35 isolates from Córdoba fields, which were

later utilized by Novas and Cabral (2002) who deter-

mined their VCG diversity.

The present work is the first report where myco-

toxin, sclerotia production, genetic diversity and agro-

ecological origin were determined and compared. Our

results show that in the two agroecological zones the

incidence of S strains was similar and also lower than

the L strains. Orum et al. (1997) reported ranges of S

strain incidence from less than 5% to more than 90%,

and the association with cotton cultivation in the

Southern United States. In Arizona S strains, inci-

dence is inversely correlated with elevation (Bigelow

et al., 2000).

Greater than 75% of the A. flavus isolates from

Formosa peanut produced aflatoxins, being this fre-

quency higher than that obtained from Córdoba prov-

ince (Vaamonde et al., 1995). CPA production was

more uniform, and it was registered in all the Formosa

isolates, this results are similar to the high percentage

found in other studies (Horn and Dorner, 1999; Horn

and Greene, 1995; Geiser et al., 2001). It is known

that atypical strains AFB, AFG and CPA producers

are present in several countries, all of them in the

South Hemisphere or below of the tropic of Cancer

(Hesseltine et al., 1970; Saito et al., 1986; Cotty and

Cardwell, 1999). From our study, we can observe that

in the American continent, they are present at least

between the 24j and 33j South latitude.

We observed a positive association between afla-

toxin and sclerotia in A. flavus isolates from Formosa,

and similar results were found in Córdoba, Argentina

(Novas and Cabral, 2002). Also, previous studies

reported that aflatoxins may have a function correlated

to sclerotia and that aflatoxin biosynthesis and scle-

rotia morphogenesis are interrelated (Wicklow and

Shotwell, 1983).

In agreement with other A. flavus VCG reports

(Bayman and Cotty, 1991a; Horn, et al., 1995; Novas
and Cabral, 2002), niaD type of mutants was isolated

in higher proportion than cnx and nirA mutants, but

with the difference that in our study cnx was obtained

easier than nirA mutants. cnx is known as the most

reliable for compatibility tests between nit mutants

(Bayman and Cotty, 1991a). The mechanism by which

differences in number and type of nit mutants among

isolates is observed is not understood. It has been

suggested that could be related to the physical size of

the genes or that some loci may be more susceptible to

mutation than others (Klittich and Leslie, 1988). Also,

Korolev and Katan (1997) in Verticillium dahliae

related this difference with culture age and storage

conditions of the isolates.

It was frequently observed that mutants of the same

isolate were unable to complement with any of the

other mutants derived from the same strain. Hetero-

karyon self-incompatible strains complicate VCG

analyses of populations since it is usually difficult to

assign such strains to a VCG. These isolates are

potentially useful in biological control where it is

undesirable for the released strain to be able to form

a heterokaryon with any other strain in the population

(Brooker et al., 1991).

In the present study, isolates within a VCG were

similar in their production of aflatoxins, CPA and

sclerotia, which is consistent with previous reports

(Bayman and Cotty, 1993; Horn et al., 1996). This

may be of major importance in developing a biocon-

trol strategy. Geiser et al. (1998) suggested that

recombination has important implications for biolog-

ical control strategies, particularly adding nontoxico-

genic strains to fields where crops are grown, because

of the potential for outcrossing between the intro-

duced and native strains. Based on vegetative incom-

patibility barriers, the potential for genetic exchange

would likely be must greater among isolates within a

VCG than for isolates in different VCGs.

The Formosa A. flavus population is very diverse

genetically and includes numerous VCGs (n = 16),

which was reflected by a diversity value (0.64). This

diversity was also indicated by the presence of many

single-isolate VCGs (n = 11). The Formosa VCG

diversity index is higher than Córdoba index, obtained

by Novas and Cabral (2002). The size of the two

peanut-growing areas are very different, the Córdoba

region being bigger than the Formosa region. This

result shows that a small area may be inhabited by
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several to many genetically distinct individuals, and it

is in agreement with the result shown by Bayman and

Cotty (1991b).

As in other VCG studies, L isolates were not

compatible with S isolates (Bayman and Cotty,

1993; Novas and Cabral, 2002). This is consistent

with phylogenetic analysis suggesting that the S forms

related to A. flavus var. parvisclerotigenus (Saito and

Tsuruta, 1993) and the group II of A. flavus deserve

recognition as a species (Geiser et al., 2001). None of

the L Formosa isolates were compatible with Córdoba

isolates; while the S isolate LLF37 from Formosa

province was compatible with S form M5N9 from

Córdoba province. These results may indicate that A.

flavus genotype are widely dispersed, but isolates

LLF37 and M5N9 belonging to the same VCG are

clonal and genetically identical. In agreement with

Horn and Dorner (1999), the geographically separated

VCG R members may have diverged from one an-

other while still maintaining the same alleles at loci

that govern VC. Therefore, that none of the Formosa

VCGs represented by L isolates were the same as that

for Córdoba region suggests that selective pressure in

A. flavus may instead occur in response to the multi-

tude of environmental parameters (Horn et al., 1996).

Orum et al. (1997) postulated that temperature, soil

condition, day length, crop sequence history, insect

levels, rainfall frequency and management practice

may influence A. flavus communities. All these fac-

tors and many other micro-climatic factors are differ-

ent between these two regions in Argentina. The

Formosa peanut-growing region is warmer and with

relatively low rainfall than the Córdoba region (De

Fina, 1992). In Córdoba province, peanuts have been

planted for many years, but the Formosa peanut

sample was obtained from an experimental field in

which the agricultural soil was occupied by natural

pasture for 20 years. Besides, this region is a cotton-

and pumpkin-producing area with a natural vegetation

formed by abundant leguminous trees, being mesquite

(Prosopis spp.), the most frequent near to agricultural

fields (Zuloaga and Morrone, 1999). A. flavus pop-

ulations are natural contaminants of cottonseed and

mesquite; furthermore, they may consider important

reservoirs and significant sources of aflatoxin-produc-

ing fungi (Boyd and Cotty, 2001).

The latitude was also correlated with A. flavus

divergence among communities in different areas
(Cotty, 1997). Formosa province is in the north of

Argentina (25j South latitude) and Córdoba province

is in the center of the country (32j South latitude).

Also, Carwell and Cotty (2002) reported that S strain

isolates were frequently found in high-temperature

regions with relatively low rainfall in North America,

and postulated that the production of small sclerotia

by the S strains may be a survival trait for an organism

adapted to climatic fluctuations. While in our study,

the VCG R, which included S strains, is the only one

that group isolates of different geographical zones,

and this may indicate differential adaptation and/or

migration capacity between L and S forms.

Presents results demonstrate that VCGs are an

effective multilocus marker that has been particularly

helpful for characterizing genetic structure in popula-

tions of A. flavus in Argentina, where cost and

laboratory facilities may limit the number of isolates

that can be analyzed by molecular methods. Detailed

studies on VCGs may also help assess the degree to

which horizontal gene transfer can occur between

similar or different genotypes of A. flavus. A better

understanding of genetic variability and population

structure within and between field populations may

reveal how we can most effectively manage this

important pathogen.
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