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variables need to be enumerated by the B&B procedure. The real
variables are free of restriction after each step of the B&B tech-
nique.
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Introduction
The genus Fusarium includes various phytopathogenic species

of economic importance, mainly for the damage they cause to
commercial crops.1 Invasion of plant hosts is often linked with
the capacity of the fungal pathogen to produce toxins.2 Dietary
exposure to fusarial toxins causes irreversible tissue damage
through biochemical mechanisms that produce pro-oxidative,
pro-inflammatory, carcinogenic and/or immune-suppressive

effects at a cellular level.3–6 Some toxigenic Fusarium species have
furthermore been implicated as causative agents of life-
threatening opportunistic infections in immune-suppressed
individuals.7 Mortalities ranged between 50–80% in these cases,
mainly because effective treatment of infection was complicated
by drug resistance by the Fusarium pathogens and their
blood-borne spread to various organs of the body.8

Peri-urban families living on a severely restricted budget in
South Africa often resort to growing food at home to augment
their food supply. Maize grown as the traditional staple in these
situations is supplemented with green leafy vegetables (called
morogo), often collected from the field.9 Some morogo species also
appear spontaneously in disturbed soils and consequently are
found growing among the maize.10,11 Maize ecosystems naturally
harbour several toxigenic Fusarium species, however, notably
those that produce fumonisin toxins.1,12,13 Fusarium where food is
grown has important health implications, particularly for
food-insecure populations that, according to Bourne et al.,14 are
disproportionately affected by disease because of their unsatis-
factory nutritional status.

We conducted a pilot study in a peri-urban community in the
Rustenburg district of South Africa to determine the occurrence
of nine Fusarium species in the vicinity of household food
gardens and the influence of home-grown maize nearby. We
considered the factors that may contribute towards sustaining
Fusarium species in such environments and discuss the possible
health implications for local communities.

Materials and methods
See Appendix.

Results
Figure 1 illustrates the number of isolates of each Fusarium

species retrieved from samples collected on three sampling
occasions from four localities at sites near to, or distant from,
maize. All nine species occurred in varying degrees where maize
was growing, with the number of isolates ranging from 6
(F. equiseti) to 130 (F. verticillioides). In localities remote from
maize, the number of isolates was notably smaller, varying
between 3 (F. poae) and 34 (F. verticillioides). Fusarium equiseti,
F. chlamydosporum and F. semitectum were not retrieved from
maize-free localities. Table 1 shows the evidence for Fusarium
isolates retrieved from air, soil, lerotho and thepe as being rela-
tively high from localities near maize. Mean log numbers of
Fusarium isolated from where maize grew were highest in air
(0.58 ± 0.1) and soil (0.51 ± 0.08) and lower in lerotho (0.04 ±
0.06) and thepe (0.26 ± 0.05). Table 2 shows that, on a 5% level, all
species were isolated in significantly higher numbers where
maize was nearby. Mean log numbers further indicate that
F. verticillioides (0.85 ± 0.9) and F. proliferatum (0.78 ± 0.09) were

Toxigenic Fusarium species, studied mainly for the damage they
cause to commercial crops, have received scant research attention
in the context of small-scale food production. In this regard home
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urban families in Africa. We have investigated the presence of
Fusarium in household food gardens in a peri-urban setting in the
Rustenburg district of South Africa. Standard techniques were
employed for the isolation and morphological species identifica-
tion of Fusarium species from various sources, namely, maize, soil,
air and naturally growing morogo vegetables, thepe and lerotho.
Nine Fusarium species with mycotic and mycotoxigenic potential
were specifically targeted for detection: F. verticillioides, F. prolife-
ratum, F. solani, F. subglutinans and F. oxysporum were predomi-
nantly isolated from maize, air, soil and morogo vegetables. All
species were isolated in significantly higher numbers from locali-
ties in proximity to maize. Fusarium chlamydosporum, F. semi-
tectum and F. equiseti were not retrieved where maize was absent,
whereas F. verticillioides and F. proliferatum were predominantly
isolated from maize cobs. These results have public-health implica-
tions. All nine Fusarium species retrieved from peri-urban food
gardens produce toxins and, except for F. poae, have been
implicated in opportunistic infections in immune-suppressed
individuals.
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the predominant species retrieved from locali-
ties near maize, followed by F. solani (0.69 ± 0.1),
F. oxysporum (0.52 ± 0.1) and F. subglutinans
(0.4 ± 0.11). Away from maize, mean log num-
bers ranged from 0.04 ± 0.04 (F. semitectum) to
0.24 ± 0.07 (F. proliferatum) and 0.3 ± 0.1 (F.
verticillioides).

Tukey post hoc comparisons of Fusarium spe-
cies numbers retrieved from each of the differ-
ent environmental components are shown in
Table 3. Means of log numbers indicate that
F. verticillioides (0.83), F. proliferatum (0.66) and
F. solani (0.61) were isolated from the air in num-
bers significantly higher than F. poae (0.16),
F. equiseti (0.13) and F. chlamydosporum (0.08).
Fusarium semitectum (0) were not retrieved from
air samples. Similar results apply to F. verticil-
lioides (0.71) and F. proliferatum (0.68) isolated
from soil. Fusarium equiseti were retrieved from
neither soil nor lerotho. No significant differ-
ences were found between the contamination of
lerotho and thepe. In comparison with thepe,
F. verticillioides (0.83) and F. oxysporum (0.43) were
retrieved in significantly higher numbers from
air. The other pathogens were not significantly
different from each other in this respect.

In total, 150 Fusarium isolates were retrieved from the silk (69)
and kernels (81) of maize cobs sampled from the four localities.
Two-way ANOVA was used to determine interaction between
maize cob components (leaves, silk and kernels) and Fusarium
species (Table 4). No Fusarium was isolated from maize leaves
and there was no significant interaction (P = 0.25) between
kernels, silk and the Fusarium species isolated from them. In
terms of log numbers, however, F. semitectum (0.23), F. equiseti
(0.04) and F. chlamydosporum (0.04) were retrieved in significantly
smaller numbers from maize kernels and silk than with
F. proliferatum (0.79) and F. verticillioides (0.75). Of the maize-
associated species, F. subglutinans (0.32) was isolated from ker-
nels and silk in significantly lower numbers than F. proliferatum.

Fusarium isolates were retrieved in significantly higher num-
bers from localities near maize (Fig. 1). Mean log numbers of iso-
lates retrieved from air, soil, thepe and lerotho respectively
reflect this result (Table 1), which is demonstrated also in Table 2
for each of the nine Fusarium species. The number of isolates of
F. verticillioides and F. proliferatum was significantly higher in air
and soil relative to F. poae, F. equiseti, F. chlamydosporum and
F. semitectum (Table 3) and, compared to F. equiseti, F. chlamydo-
sporum and F. semitectum, also in maize cobs (Table 4).

Discussion
With the exception of F. poae, Fusarium species isolated from the

environment of peri-urban food gardens have been reported to
be capable of causing opportunistic infections in immune-
suppressed individuals.21 Moreover, all species targeted for
detection in the present survey produce mycotoxins22,23 that
could compromise immune functioning.3,24,25 Results illustrated
in Fig. 1 suggest these mycotic and mycotoxigenic Fusarium
species are common members of autochthonous microbial
populations in the environment of peri-urban food gardens.
Fusarium species were retrieved in significantly higher numbers
from localities in the proximity of home-grown maize than away
from maize (Table 1). Though true of all nine Fusarium species,
the observation was most pronounced for F. verticillioides,
F. proliferatum, F. subglutinans and F. oxysporum (Table 2).

Commonly associated with commercial maize ecosystems,13,26,27

the first three species are maize plant pathogens that cause seed-
ling disease, root and crown rot, stalk rot and ear rot.28 Apart
from the study of Sreenivasa and co-workers,29 in which F. solani
was detected in freshly harvested maize, the presence of this
species in maize ecosystems is not often reported.

The isolation of F. solani in significant numbers (P = 0.0002) is of
particular interest in view of the high incidence of HIV infection
in South Africa.20 Mid-year estimates indicated that 10.9% of the
South African population was HIV-positive in 2006.20 Pujol et al.21

describe F. solani as the most dangerous filamentous fungus for
immunocompromised patients after Aspergillus fumigatus,
whereas Boutati and Anaissie30 report it as the species predomi-
nantly isolated from fatal cases of disseminated fusarioses in
patients with haematologic malignancies. Fusarium poae, usually
associated with destructive diseases of wheat,31,32 was also re-
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Fig. 1. Fusarium species distribution among the total number of isolates respectively retrieved from
localities near (grey bars) and away from (black bars) maize.

Table 2.Relative Fusarium species distribution (log numbers) at localities near and
far from maize, respectively.

Fusarium Near maize Away from maize t d.f. P
species (mean ± s.e.) (mean ± s.e.)

F. verticillioides 0.85 ± 0.9 0.3 ± 0.1 4.18 29.5 0.0001
F. proliferatum 0.78 ± 0.09 0.24 ± 0.07 4.57 28.7 <0.0001
F. solani 0.69 ± 0.1 0.15 ± 0.07 4.33 27.6 0.0002
F. oxysporum 0.52 ± 0.1 0.14 ± 0.06 3.15 25.1 0.0021
F. subglutinans 0.4 ± 0.11 0.09 ± 0.05 2.60 20.7 0.0085
F. poae 0.25 ± 0.08 0.05 ± 0.03 2.21 19.8 0.0194
F. semitectum 0.22 ± 0.07 0.04 ± 0.04 2.28 22.5 0.0162
F. chlamydosporum 0.15 ± 0.05 0 2.88 15.0 0.0057
F. equiseti 0.11 ± 0.04 0 2.53 15.0 0.0115

Table 1. Relative occurrence of Fusarium (log numbers) at localities near and far
from maize, respectively.

Environmental Near maize Away from maize t d.f. P
component (mean ± s.e.) (mean ± s.e.)

Air 0.58 ± 0.1 0.15 ± 0.05 4.49 56.5 <0.0001
Soil 0.51 ± 0.08 0.12 ± 0.05 4.31 56.7 <0.0001
Lerotho 0.41 ± 0.06 0.14 ± 0.04 3.70 62.5 0.0005
Thepe 0.26 ± 0.05 0.04 ± 0.02 4.42 46.2 0.0001



trieved in significant numbers (P = 0.02) from localities near
maize. F. equiseti and F. chlamydosporum were not isolated from
sites away from maize, but in relatively small numbers near
these plants. Relative to F. verticillioides, which was isolated as
the predominant species, F. equiseti and F. chlamydosporum repre-
sented a small percentage of Fusarium isolated from commercial
maize in Ghana.26

Figure 1 and Tables 1 and 2 indicate that maize may play a role
in maintaining Fusarium species in the environment of peri-
urban home gardens. Table 3 reveals significant interaction of
maize-associated F. verticillioides and F. proliferatum with air (P =
0.03) and soil (P = 0.05). Cotton and Munkvold28 found F.
verticillioides and F. proliferatum multiplied rapidly during the
growing season on maize leaf surfaces as well as in rainwater
trapped in leaf sheaths, and subsequently survived for up to two
years in soil and maize plant residue on the soil surface. Mean
log numbers depicted in Table 4 show that F. verticillioides (0.75)
and F. proliferatum (0.79) isolated from maize cobs were primarily
associated with maize kernels and silk, which might indicate a
pathogenic relationship. Fusarium establishes infection when
spores in the environment land on the silk, germinate and enter
the ear after pollination, according to Cardwell et al.33 Nesci et al.27

attributed the occurrence of F. verticillioides and F. proliferatum in
soil of pre-harvest maize ecosystems to the survival of these
species in plant debris on the soil surface. Rossi et al.34 found that,
under humid field conditions, fusarial spores in crop debris
germinate and continue to produce macroconidia. These spores
become airborne by splash dispersal during rain showers or
irrigation and are disseminated over substantial distances by air
currents.35,36

It thus seems likely that in home gardens, F. verticillioides,
F. proliferatum and possibly F. subglutinans and F. oxysporum,
occurring in association with home-grown maize, are main-
tained in maize residues and debris on the soil surface. Dis-
persed from plant debris, and depending on spore and leaf
surface characteristics, airborne spores are trapped in differing
degree by morogo plants growing in association with maize. This
scenario might explain why, in the same environment, F. verticil-
lioides was retrieved in higher numbers from thepe than from
lerotho, while F. oxysporum, F. poae and F. semitectum were isolated
in greater numbers from lerotho than from thepe (Table 3).

The multiplex PCR method described by Bezuidenhout
et al.17,37 confirmed the presence of the FUM 1 gene in F. oxy-

sporum, F. proliferatum, F. solani and F. subglutinans isolated from
morogo plants. Furthermore, HPLC analysis detected 44.8 ng g–1

fumonisin B1 in thepe and 58.7 ng g–1 in lerotho.38 Similar findings
were reported from maize-based subsistence agriculture in the
Limpopo province.39

Fusarium species in home gardens have public-health implica-
tions. Urban activities are expected to enhance dissemination of
fusarial spores, while human population numbers in urban
settings put more individuals at risk of opportunistic fusarial
infections. Numerous case studies identified F. verticillioides,
F. proliferatum, F. solani and F. oxysporum30,40–43 as causative agents
of disseminated fusariosis in immunocompromised individuals,
in most instances with fatal consequences.8,44 The prevalence of
Fusarium infections of the skin, the upper respiratory tract and
eyes suggests that these organs serve as portals of entry, eventu-
ally leading to multiple organ infection.30,45 In the present survey
these pathogens were isolated in considerable numbers from air,
indicating an unavoidable risk for residents of inhalation, skin
contact, or eye exposure to fusarial spores. Fusarium spores in the
environment enhance the risk of HIV-positive individuals con-
tracting secondary fusarial infections which, according to
Dignani and Anaissie8 and Pujol et al.,21 are most difficult to treat.
Common features of opportunistic Fusarium infections include
the presence of fusaria in the blood stream, the high frequency of
skin lesions and a high mortality rate in patients with suppressed
immunity as a result of pathogens resistance to drugs.39,46

All the Fusarium species targeted for isolation in the present
study are producers of potent toxins including beauvericin,22

fumonisins23 and trichothecenes.47 Dietary mycotoxins may
produce a range of biological effects, depending on which of the
following properties they possess: antinutritional,48 oxidative,5

pro-mutagenic,6 pro-inflammatory,49 tumorgenic,50 genotoxic51

and/or immune-suppressive.3,25,52

Concluding remarks
Food gardens play a vital role in providing poor families with

nutrition.9,10 The present study suggests, however, that
home-grown maize in food gardens may play a cardinal role
in maintaining harmful Fusarium species in the peri-urban
environment. The findings reported here invite further atten-
tion, in view of the public-health implications. A database on
possible sources and mechanisms of dissemination of toxigenic
and mycotic Fusarium in peri-urban food production settings
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Table 3. Fusarium species distribution (log numbers) in air, soil, lerotho and thepe, respectively.

Component Species– F. verticillioides F. proliferatum F. solani F. oxysporum F. subglutinans F. poae F. semitectum F. equiseti F. chlamydo-
distance sporum

interaction*

Air 0.028 d0.83a d0.66a d0.61a,b d0.43a,b,c d0.4a,b,c d0.16b,c e0c d0.13c d0.08c

Soil 0.051 d,e0.71a d0.68a d0.45a,b d0.45a,b d0.28a,b d0.11b d,e0.09b e0b d0.06b

Lerotho 0.772 d,e0.5a d0.42a,b d0.38a,b d,e0.41a,b d0.12a,b d0.23a,b d0.33a,b e0b d0.06a,b

Thepe 0.809 e0.26a d0.27a d,0.23a e0.04a d0.17a d0.1a d,e0.1a d,e0.08a d0.1a

Source-
distance 0.699 0.285 0.490 0.030 0.616 0.998 0.402 0.020 0.958
interaction**

*Interaction between Fusarium species and distance from maize (P-values).
**Interaction between source and distance from maize (P-values).
Superscripts a, b and c in the same row: entries with the same symbol do not differ significantly at the 5% level.
Superscripts d and e in the same column: entries with the same symbol do not differ not significantly at the 5% level.

Table 4. Relative Fusarium species distribution in maize cobs (silk and kernels).

Species–maize F. proliferatum F. verticillioides F. solani F. oxysporum F. subglutinans F. poae F. semitectum F. equiseti F. chlamydosporum
cob interaction

0.395 0.79a* 0.75a,b 0.38a,b,c 0.36a,b,c 0.32b,c 0.29b,c 0.23c 0.04c 0.04c

*Entries with the same superscript symbol do not differ significantly at the 5% level.



should serve as a basis for future strategies to ensure safe
food-production practices among vulnerable populations.
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Appendix
Sample collection. Samples were collected from food gardens of selected

households at four localities in the township of Phokeng, near Rusten-
burg, North West province, during the maize-growing season in Febru-
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ary and April 2006 as well as in February 2007. Two naturally growing
morogo types commonly consumed in the study area, namely thepe
(Amaranthus hybridus) and lerotho (Cleome gynandra), were sampled at
four localities where morogo vegetables were growing with maize on the
same plot of land, and four sites where these plants grew some distance
from maize. At each locality, 10 leaves were collected from two separate
plants each of thepe and lerotho. Five leaves of a maize plant as well as a
maize cob were also sampled. At each locality samples were taken of the
top soil layer at three random positions around each of the plants. Three
agar plates containing pentachloronitrobenzene (PCNB) medium
selective for Fusarium were exposed at three random positions around
each plant for three minutes to trap Fusarium spores from the air. Air
plates were immediately closed and secured with parafilm. Thepe,
lerotho, soil and maize samples were transferred separately to ‘ziplock’
plastic bags. Samples were transported to the laboratory on ice and
immediately processed for mycological analysis upon arrival.

Culture media for isolation and morphological identification of Fusarium.
The culture medium, selective for the isolation of Fusarium, contained
Peptone PCNB (Terraclor, Sigma, South Africa) to which were added the
following antibiotics for inhibition of bacterial growth: benzylpenicillin
(Fresenius, South Africa), pendistrep (Virbac Animal Health, South
Africa) and chloramphenicol pure (Pharmachemie, South Africa). The
following growth media were used for the purification and preparation
of single spore cultures of Fusarium isolates: Water Agar plates (WA; Agar
Bacteriological, Biolab, Merck, South Africa) and Carnation Leaf Agar
(CLA; consisting of a Water Agar plate with a piece of carnation leaf
γ-sterilized by Isostar, South Africa, placed on the surface). To identify
species, single-spore cultures were subsequently transferred to the
following culture media: to Potato Dextrose Agar (PDA; Biolab, Merck,
South Africa) to observe colony morphology; to CLA plates and Synthetic
Nutrient Agar (SNA; Sigma, South Africa) to examine microscopic struc-
ture. Culture media were prepared as described in ref. 15.

Isolation of Fusarium. We used the washing procedure described by
Medina-Martinez and Martinez16 to isolate Fusarium that had colonized
the external surfaces of morogo leaves, maize leaves and kernels. Each
leaf and kernel was separately added to 99 ml sterile 1% peptone water
(Biolab, Merck) containing 0.01% Tween 80 and shaken for 10 min on a
rotary shaker at room temperature to remove spores from leaf surfaces.
Diluents containing the rinsed-off Fusarium spores were subsequently
diluted (10–3 to 10–5) and 0.1-ml aliquots of each dilution were used for
spread plating onto PCNB agar. Internal colonizing Fusarium was iso-
lated by sterilizing leaf and kernel surfaces in 1% hydrogen peroxide for
1 min followed by aseptical rinses in distilled water three consecutive
times.17 Five approximately 1-cm2 squares cut from each morogo leaf, and
10 pieces from each maize leaf, were transferred separately to the surface
of a separate PCNB agar plate, employing aseptic procedures. After sur-
face sterilization according to a similar procedure, ten maize kernels
from each maize cob were each placed on a separate PCNB agar plate.

The three soil samples from each site were thoroughly mixed in the labo-
ratory into a composite soil sample, of which 1 g was carefully weighed
and transferred to 9 ml sterile distilled water (10–1 dilution). A dilution
series of 10–2 to 10–5 was subsequently prepared aseptically and 0.1-ml
aliquots of each dilution used for surface plating onto PCNB agar. All
plates (including parafilmed air plates) were subsequently incubated at
25°C for a minimum of 7 days.

Purification of Fusarium colonies. After incubation, plates were exam-
ined under a stereo-microscope. Colonies suspected of being Fusarium
were selected, and then purified, on the basis of characteristics and
procedures described in ref. 15. A 1-cm2 piece of PCNB agar containing
the selected colony was aseptically cut from the PCNB plate and
transferred to a CLA plate. After incubation for 7–10 days at 25°C, during
which time plates were exposed to a 12:12-hour light/dark cycle,
single-spore cultures were prepared by flooding each plate with 9 ml
sterilized distilled water, and pouring the mixture aseptically over the
surface of a WA plate. The WA plates were carefully rotated and the
excess water was drained off before being incubated at 25°C in an
inclined position. After 16–24 hours of incubation, the WA plates were
examined under a stereo-microscope and a piece of agar with a single
germinating spore was aseptically transferred to the surface of each of a
PDA, CLA and SNA plate. Inoculated plates were incubated at 25°C for
7–14 days.

Morphological identification of Fusarium isolates. After incubation,
single-spore cultures of Fusarium isolates growing on the PDA, SNA and
CLA were identified from morphology and other features according to
illustrated laboratory manuals.15,18 Macroscopic observations of single-
spore colonies growing on PDA plates included colony morphology,
colony colour, as well as the presence and position of the sporodochia.
Using lactophenol for slide preparation, microscopic observations and
identifications were based on such characteristics as the position, size,
shape, and arrangement of microconidia, macroconidia and chlamydo-
spores of single spore cultures on CLA plates.15,18

Statistical methods. Fusarium isolates from the various sources were
subject to two-way and three-way analyses of variance (ANOVA), using
Statistica 7.1, in terms of the following: counts for each species from each
environmental source in localities near and distant from maize, respec-
tively, were log-transformed (i.e. by taking the logarithm to base 10 of the
count + 1) to establish normality of data. This was used as the depend-
ent variable with regard to three factors, namely, species, source and
distance from maize. Statistically significant effects at the 5% level for
each of these factors could be concluded whenever there were no signifi-
cant interactions and the P-values were smaller than 0.05. Where appro-
priate, Tukey post hoc comparisons were performed between mean
values of the different components and species. In cases of significant
interaction effects with distance from maize, Student’s t-tests (assuming
unequal variances) were applied to compare means of distance with
means for each species or for each source.19
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