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Incidence and distribution of
Fusarium species associated with
feeds and seeds from Spain
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Summary  Samples of seeds and feeds (corn-based and mixed) were collected during sur-
veys in 1991-92 and 1992-93 from two regions of Spain, one in northern Spain
where the annual rainfall is over 900 mm, and the other in southeastern Spain
where the annual rainfall is about 400 mm. The level of Fusarium contamination
was determined in the 657 samples analysed, and results were analysed statisti-
cally to assess the effects of type of sample and meteorological conditions on
Fusarium proliferation. The predominant Fusarium species was Fusarium monili-
forme, which represented 92.2% of the total Fusarium strains isolated. Other
species isolated were Fusarium oxysporum (5.9%), F. oxysporum var. redolens
(0.6%), Fusarium poae (0.6%) and Fusarium sporotrichioides (0.6%).
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Incidencia y distribucion de especies deusarium aso-
ciadas a piensos y semillas en Espafa

Resumen Se recogieron muestras de semillas y piensos (granulado y con maiz) durante
las campafias 1991-92 y 1992-93 procedentes de dos regiones de Espafia, una
en el norte con una precipitacion media anual superior a los 900 mm y la otra en
el sudeste con una pluviosidad anual de unos 400 mm. Se determino el nivel de
contaminacion por Fusarium spp en las 657 muestras recogidas y los resultados
obtenidos se analizaron estadisticamente para determinar los efectos del tipo de
muestra y condiciones climatolégicas en la proliferacién de Fusarium spp. Las
principales especies aisladas fueron Fusarium moniliforme (92,2% del total de
cepas de Fusarium aisladas), Fusarium oxysporum (5,9%), F. oxysporum var.
redolens (0,6%), Fusarium poae (0,6%) y Fusarium sporotrichioides (0,6%).

Palabras clave  Espafia, Fusarium moniliforme, Fusarium oxysporum, Fusarium spp, Piensos,
Semillas

FusariumLink is one of the most important fungal  Sheldon is the princip&dusariumspecies associated with
genera, which includes many species that are pathogeniamaize; it has a wide geographic distribution and is one of
to plants and responsible for a broad range of diseases [1]the first known species to be implicated in animal and
others that are highly mycotoxigenic [2-5] and some that human toxicoses [14]. Geographical differences in the
cause opportunistic infections in humans and in farm ani- natural distribution oFusariumspecies and their mycoto-

mals [6]. xins are apparent, resulting from environmental and stora-
The presence dfusariumspp. is an indicator of  ge conditions [11].

grain storage conditions, which also suggests the possibi- The object of this study carried out in Spain was

lity of mycotoxin formation [7,8]. Heavy contamination determine the incidence and distributiorFofsariumspe-

of maize, wheat and other cereals Bysariumspp., cies causing postharvest losses of grains and foodstuffs

resulting in mycotoxin production, has been associated and producing mycotoxins harmful to humans and/or ani-
with climatic factors such as drought or excessive rain [9, mals. In addition, the effects of type of sample and meteo-
10]. SeveraFusariumspecies are important pathogens of rological conditions orFusariumcontamination were
cereals, causing severe crop yield loss [11]. Maize seemsevaluated.
to be the staple diet in whidhusariummycotoxins are
most likely to be produced, commonly causing mycotoxi- MATERIALS AND METHODS
coses when ingested [12,1Fusarium moniliforme
SamplesSamples of feeds and seeds (cereals, pul-
ses and dried fruits) were collected in local stores, mar-
kets, agricultural cooperatives and farms located both in
southeastern Spain (Comunidad Valenciana), representing

B‘rﬁfcﬂggg’g‘g’;ggrégi@ggj’g”dai an arid region, and in northern Spain (Pais Vasco), repre-
Department of Biotechnology, senting a humid region. Samples were taken between
ggm%hg'ece)ey;'ifgfsézgg;/;'\‘jgfe'gaa Soain September 1991 and February 1992 in southeastern Spain
E-mail: iosune.cantalejo@upna.es P and from December 1991 to January 1992 in northern

Spain, and again from September 1992 to April 1993 in
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southeastern Spain, and from September 1992 to February?DA slants [16,19] at 23°C under a mixture of cool white
1993 in northern Spain. and black fluorescent lamps located 42 cm above cultures
with a 12-h photoperiod. Cultures were grown for 5 to 10
Meteorological conditionsEach time we took  days and stored in a refrigerator.
into account the climatic conditions prevailing in the
regions under study (Table 1), and carried out the sample Statistical analysisThe frequency of contamina-
collection from the same places. Northern Spain has ation of samples byusariumin the two areas under study
mild oceanic climate, with average temperatures rangingin the two surveys (1991-92 and 1992-93) was compared
from 8.5°C in January to 20°C in August and a mean statistically, using multivariance techniques such as analy-
annual rainfall of 1260 mm with more than 160 rainy days sis of variance and comparison means’ tests [20].
a year. Southeastern Spain has a Mediterranean climateRegression analysis was used to determine the relations-
with an average temperature ranging from 9°C in Januaryhip betweerFusariumcontamination and climatic condi-
to 25°C in August and a mean rainfall of 400 mm, with tions. Additionally, residuals were analysed to detect
extended dry seasons in the coarse of year. The climatgossible anomalies in the data. The statistical programm
may be cooler in the inner mountainous areas. Statgraphics Version 5.0 was used for the multifactorial
analysis of the variance of the data.
As the variable Fusarium
contamination” followed a binomial

Table 1. Climatic data referred to both surveys in the regions under study. distribution rather than a normal dis-

MEAN CLIMATIC tribution, data were transformed
First Survey (1991-92) Second Survey (1992-93) using the algebraic expression 7' =
CONDITIONS arcsin z1/2 , where “z” is the relative
Northern Spain  Southeastern Spain Northern Spain  Southeastern Spain frequency express_ed in perc_entage
of samples containingrusarium
Annual rainfall (mm) 928.65 453.66 1119.20 325.60 Species with respect to the total

number of analised samples corres-

A I T t ° 12. 17.22 12. 17.2 . .

nnual Temperature (°C) 12.88 %8 ° ponding to one sort of sample, in the
Annual Relative 74.24 64.22 78.56 66.08 hope of increasing the homogenicity
Humidity (%) of variances and the data normaliza-

tion [21].

Dilution plating. The sample of feedstuffs was
ground in a mortar and 10 g were suspended in 90 ml of RESULTS AND DISCUSSION
sterile distilled water with 0.05% Tween 80 added. A 1 mi
sample of this feed suspension was used to prepare a dilu- Incidence ofFusarium and influence of their
tion series from 1:10 to 1:10 000. Based on preliminary sample In most samples, a mixed mould flora was pre-
tests, a 1 ml sample of the feedstuffs suspension of 1:100sent. Species of the genBenicillium were prevalent
dilution was uniformly dispensed over the surface of a (62.8% in total), followed byAspergillus Fusarium
potato dextrose agar (PDA), medium supplemented with Rhizopusand Saccharomyceshat contaminated the sam-
0.6% oxytetracycline hydrochloride and 0.01% Rose ples at an intermediate level (between 21% and 53% of
Bengal at pH 5.5, and cultures (five plates per suspension}the samples).
were incubated at 28°C in darkness for 7 days. Fusariumcontamination was more frequent in

Similarly, individual kernels from 50 g sample of northern Spain (incidence, 24.8%) than in southeastern
grain were surface sterilized with commercial bleach (1% Spain (21.9%). These differences could be a consequence
sodium hypochlorite), followed by two rinses in sterile of the different climatic conditions in the two regions,
distilled water. The sterilised material (10 grains per plate especially the higher relative humidity in northern Spain.
and five plates per sample)
mga?urﬁlaétﬁg in%rllb;rt]gd i%?eer Table 2. Distlributign of Fusarium in the collected samples from northern and southeastern Spain classified by

’ type of sample and survey.

the same conditions. P P g

Type of sample Total No Samples / No Samples contaminated by Fusarium Sp.
. ISOIatIOn and Id.entlfl- Southeastern Spain Northern Spain TOTAL pU
cation of Fusarium strains At
the end of the incubation 1991-92 1992-93 1991-92 1993-93
period, the plates were exami- Total No.Sampl 90/23 229/47 85/25 253/59  657/154 NS
_Total No.Samples
neg If:or the preserllce of susp(;ac (In %) (255%)  (205%)  (29.4%)  (23.3%) (23.4%)
ted Fusariumecolonies and  toai'No. Feeds 45/11 93/26 47/16 166/41  351/94 NS
transferred individually to corn-based feeds 26/10 49/21 27/16 65/21 167/68 ()
modified Nash-Snyder medium Mixed feeds 19/1 44/5 20/0 101/20 184/26 NS
[15,16], modified Czapek-Dox Total No. Seeds 45/12 136/21 38/9 87/18  306/60 NS
medium [16], oatmeal agar cerears
(OA) [17], carnation leaf agar com (zeamaysL.) 18/12 17/6 o7 18/6 62/31 (%
CLALSjandPOALL]  ~ wstuewsana) - wo o on o en s e S
H H eal riticum aestivum L.
id _f_ngarlumj_pemes Wel’?] Barley (Hordeum vulgare L.) 5/0 4/0 9/0 14/3 32/3 NS
identified according to Booth gice (0ryza satival.) 3/0 o/l 1/0 1/0 14/1 NS
[19] and Nelsonret al. [16].  others (birdseed, millet) 4/0 2212 26/2 NS

Representative isolates of each

i i Non-Cereals
?r%?r?lgisn Igsl(e)l?:-t)encf d\i,\;.e E)en gFl; gn’lin Beet, soya, peanut, etc. 5/0 56/6 5/0 38/4 104/10 NS

d |S h es Of C LA [1 6] an d on pU statistical differences; NS: non-significant differences; (*): P= 0.1.
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However, another determining factor could be the storage cant association betwe&usariumcontamination and the

conditions [22] whilst were not ideal in either area. three factors, sample, survey and region, was with sample
The frequency of-usariumin about a quarter of  type (p= 0.1) with maize and maize-based feeds being

the samples analysed appears contradictory to the muchmore frequently contaminated IByusariumthan other

used classification ofusariumas a field fungus, alt- sample types (Table 2). The reason for this is likely to be

hough Pelhate [23] suggested tRasariumspp. could be the host range of F . moniliforme, which principally

classified as an intermediate group between field and sto-infects maize.

rage fungi with the ability to grow at intermediate water

availabilities. Study of the influence of climatic conditions on
Table 2 shows the distribution &usariumin the Fusarium contamination Climatic conditions analy-

samples. Altogether, 70.7% &lusariumisolates came sed for their effect offrusariumcontamination included

from maize or from maize-based feed samples. This high the annual average temperature, humidity and rainfall

incidence in maize is in agreement with an earlier study (Table 1).

of 116 maize samples collected from the 1980 corn crop A simple linear regression model was tested to

in southeastern Spain [24]. determine whether there was any dependency (linear,

multiplicative, exponential or inverse) between contami-

Identified species ofusarium . The species of nation byFusariumand climatic conditions (temperature,

Fusariummost frequently isolated from samples was relative humidity and annual average rainfall) during both

F. moniliforme which represented 92.2% of the 154 iso- surveys (1991-92 and 1992-93) and in either region, con-

lates obtained in both surveys (Table 3). This species is sidering climatic conditions as an independent variable

cosmopolitan and has been observed in all climatic andFusariumcontamination as a dependent variable.

regions of the world in association with a wide variety of The correlation between climatic factors and fun-

crop plants [25]. The importance of this contamination gal contamination was no statistically significant

must be considered in relation to its toxigenic potential. (p< 0.10); it was not possible to propose a model of beha-
In this study, 85% of

maize and maize-based feeds

were contaminated with Table 3. Main species of Fusarium isolated in feeds and seeds.

Fusarium, mostly F. monili- " Fusarium specles

forme (94.5% of isolates), in Sayf;me P

agreement with a previous

study of feeds in Spain [26], in Fusarium moniliforme Fusarium oxysporum

which the incidence of.

moniliformewas significantly 1991-92 1992-93 Total 1991-92 1992-93  Total
higher in maize-based feeds NS SES NS SES NS SES NS SES
(poultry feeds) than in mixed 23 23 58 38 142 2 1 6 9
feeds, probably because this IN%  (50)  (50) (60.4) (39.6) (92.2) (100) (14.3) (66.7) (6.5)
species is one of the principal vaize & maize-
fungi in maize crops worldwi- based feeds 21 22 26 25 94 2 - 1 1 4
de [14] and it is able to produ- Mixed feeds - 1 20 5 26 - - - - -
ce fusarin C [27,28], Jhea oo ! 46 ! !
o at 1 - 4 1 6 - -
fumonisin B1 [29], and other gaey . . 3 3 . .
metabolites [14, 30] which Pulses - - 4 4 2 2
may cause animal and humanOther cereals 2 2 1 1
Dried fruits 1 1 1 1

toxicoses.
F_ OXySporu n’SChleCht NS: North Spain; SE S: Southeastern Spain

was the second most prevalent

species isolated, accounting

for 6.5% of totalFusariumisolates. LikeF. moniliforme viour for Fusariumin relation to the climatic conditions

this species was most frequently isolated from maize and due to the lack of sufficient data.

maize-based feeds, in the first survey from northern Climatic conditions during the growing period of

Spain. the crop sampled in the first survey in northern Spain
F. oxysporunis widely distributed in both tempe-  were adequate fdfusariuminfection, with greater than

rate and tropical regions where it has been reported to beusual springtime rainfalls, which caused late and bad

pathogenic to many crops [31]. sowing and even floods. During the growing season befo-
According to Booth’s classification [19, oxys- re the second survey in northern Spain, rainfall was irre-

porumvar. redolensdiffers fromF. oxysporunin the size gular and temperatures were constantly below the

of macroconidia. Only one culture of this variety was iso- seasonal average, delaying crop growth. The high humi-

lated from maize collected in southeastern Spain during dity caused many fungal diseases and subsequent storage

the second survey. problems.

Also isolated, both from southeastern Spain in the By contrast, conditions were dry in southeastern
second survey, werBusarium poagPeck) Wollenw. Spain before the first survey and temperatures were high,
from earth-almond an&usarium sporotrichioide§herb decreasind-usariumcontamination. Similar climatic con-
from red sorghumF. poaeandF. sporotrichioidesare ditions occurred before the second survey.
both stable in culture and toxigenic [14,16]. One plausible explanation to these facts is that

rainfall determines the availability of water for fungi, to
Study of the frequency of contamination due to allow them germinate spores, etc. If there is little rain
Fusarium in feeds and seed#\ total of 657 samples of  (less than about 400 mm per year, as in southeastern
feeds and seeds, 175 from the first survey and 482 from Spain), growth rate ofusariummay be decreased and
the second were analysed statistically. The only signifi- spore germination may be delayed, and the production of



mycotoxins byFusariumdecreased. This parameter also
affects the physiological state of the plant, rendering more feeds and seeds from both arid and humid regions of

easily attacked byusariumif the rainfall at time of Spain was frequent and that the species isolated could be
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We can conclude thd&&usariumcontamination in

infection when plant susceptibility is high, as in northern mycotoxigenic [12]. The presence Bfisariumin feeds

Spain. In fact, it is possible an endophytic growth of and seeds, particularly in maize constitutes, potentially,
F. moniliformefrom seed borne infection through the hazard to human and animal health, which should be
stem to infect the new season’s seed.

ruled by law in the near future.

Another reason for the frequent occurrence of con-
taminated samples could be bad storage conditions and
poor preservation of samples, since the main factors that
determine the germination and growth of Fusarium, as
well as the production of mycotoxins are not only humi-
dity and temperature, but also strain, pH, and @@ G
concentrations [32-34]. Because the environmental relati-
ve humidities are high (64-78% or even higher) and the
temperatures are mild in both northern and southeastern
Spain, the environmental conditions could directly affect
fungal proliferation.
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