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Mycotoxin occurrence in maize produced in Northern Italy over the
years 2009-2011: focus on the role of crop related factors
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Summary. The occurrence of mycotoxins associated with Fusarium spp. and Aspergillus flavus in Northern Italy,
and the role of cropping systems, were investigated on 140 field samples collected over the years 2009-2011. Sam-
ples were analysed for fumonisins B; and B, (FBs), aflatoxins By, B,, G, and G, (AFs), deoxynivalenol (DON) and
zearalenone (ZEN) using validated analytical methods. Information on: maize hybrid, preceding crop, tillage ap-
plied, mineral nutrition, pest and disease control, severity of European Corn Borer (ECB) attack, sowing and har-
vesting dates, kernel moisture at harvesting and longitude of the sampled province, were also collected. During
this period there were distinct differences in FBs and AFs concentrations between years and geographic origins,
and very low contamination with DON and ZEN was always found. The incidence of AFs exceeded 75% across
all samples, and was almost 100% for FBs. The meteorological trends were quite different in the 3 years surveyed.
2009 was the coldest in June and the warmest in August, 2010 the most humid, and in 2011 cold weather occurred
during flowering and dry conditions during ripening. The run of a logistic equation with the backward stepwise
approach selected three parameters, (seeding week, ECB severity and longitude of sampling province) to predict
AFB, contamination and four parameters (year, sowing week, ECB severity and longitude of sampling province)
to predict FB contamination. The internal validation gave good results, with 76% correct predictions. The prob-
ability of harvesting maize with more than 5 ug kg'1 of AFB, varied between 86 and 5%, and the probability of
harvesting maize with more than 4,000 ug kg™ of FBs varied between 81 and 2%, respectively, for conducive and
non-conducive environments. Therefore, considerable variability was found even if a limited area and only 3 years

were considered.
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Introduction

Throughout the world, maize is considered one
of the most susceptible crops to mycotoxin-produc-
ing fungi (Barug et al., 2004). Maize can be colonised
and contaminated by a wide range of fungi belong-
ing to the Fusarium genus, including F. verticillioides,
E. proliferatum, F. subglutinans, F. graminearum, with
consequent fumonisin (FBs) or trichothecene (TCT)
contamination, as well as by Aspergillus section
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Flavi, producers of aflatoxins (AFs). In Northern It-
aly, Fusarium spp. are the most frequently occurring
fungi and FBs are the main mycotoxins detected in
maize grain, sometimes at very high levels of con-
tamination (Pietri et al., 2004; Battilani et al., 2008b;
Pietri et al., 2012). A limit of 4,000 ug kg™ as the sum
of FB; + FB, for unprocessed maize grain intended
for human consumption was fixed by the Europe-
an Commission (2007). Fumonisin B, in particular
causes leukoencephalomalacia in horses, pulmonary
oedema in swine, liver and kidney cancers in ro-
dents, and is also associated with oesophageal cancer
and neural tube defects in humans (Marasas 1996;
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Marasas et al., 2004). Levels of TCTs and zearalenone
(ZEN) are generally low, except during rainy years,
when F. graminearum becomes dominant (Pietri ef
al., 2004). Significant colonisation by Aspergillus sec-
tion Flavi and widespread contamination by AFs in
maize was recorded for the first time in Italy in 2003
(Piva et al., 2006; Battilani et al., 2008a). More recently,
widespread incidence of AF contamination was ob-
served in 2012 in Southern-eastern Europe (Dobolyi
et al., 2013; Levic et al., 2013). This can be considered
a climate change effect, associated with persistent
dry conditions and increased ambient temperatures
(Blaney et al., 2008).

Aflatoxin B;, the most studied of the aflatoxins,
was classified by the International Agency for Re-
search on Cancer (IARC) as a class-1 human carcino-
gen (Castegnaro et al., 1995). A legal limit of 5 ug kg
of AFB; was set by the European Commission for
unprocessed maize grain intended for humans and
for feeding stuffs for dairy animals; a limit of 20 ug
kg' was set for all feed materials (European Com-
mission, 2007; 2011).

It is well known that the presence of mycotoxin-
producing fungi in host crops is related to year by
year meteorological conditions (Battilani et al., 2008a,
b), and that the cropping system applied can sig-
nificantly affect toxin occurrence (Munkvold, 2003;
Blandino et al., 2009; Kos et al., 2014). Mineral nutri-
tion and weed control must be managed rationally
in maize crops to avoid plant stress, confirmed as
related to high levels of mycotoxin contamination.
Moreover, fumonisins contamination has been re-
lated to ear injuries caused by larvae of Ostrinia nu-
bilialis (Hubner; European corn borer (ECB); Papst
et al., 2005); damaged maize ears can have several
times greater mycotoxin contamination compared
to undamaged ears (Alma et al., 2005). Pest control
is an effective method to reduce FBs contamination
(Saladino et al., 2008; Mazzoni et al., 2011). Harvest
time and related water content of kernels are also rel-
evant; aflatoxin production is facilitated when mois-
ture decreases below 28% (Payne et al., 1998; Marin
et al., 2004).

The use of maize lots, intended for food, feed or
other purposes, depends on mycotoxin content. Be-
cause of variability in mycotoxin content, it is impor-
tant to predict which contamination may occur to op-
timise harvest/post-harvest management, leading to
a reduction of consumer and animal exposure. The
present study aimed to i) survey the occurrence of all
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main mycotoxins (AFs, FBs, TCTs and ZEN) in maize
produced in Northern Italy (Emilia Romagna region)
over 3 years (2009-2011); ii) investigate the role of the
cropping system on mycotoxin contamination; and
iii) identify crucial operations and describe their ef-
fect following a modelling approach.

Materials and methods
Samples

During the years 2009-2011, maize sampling was
organised in Northern Italy. The surveyed area in-
cluded the plain region in the provinces of Bologna
(BO; 44°28' N, 11°26' E), Ferrara (FE; 44°48' N, 11°50'
E), Modena (MO; 44°30' N, 10°54' E), Piacenza (PC;
44°53' N, 9°35' E), Parma (PR; 44°42' N, 10°05' E)
Ravenna (RA; 44°25' N, 11°59' E) and Reggio Emilia
(RE; 44°37' N, 10°37' E), located in the Emilia Romag-
na region. A total of 140 samples were collected and
analysed during the three years considered in the
study (46 samples in 2009, 48 in 2010 and 46 in 2011).

Field sampling was performed during the com-
bine harvesting discharge, according to Commission
Regulation (EC) 401/2006 (European Commission,
2006a). One hundred sub-samples (approx. 100 g
each) were collected from the kernel flux, and these
contributed to the final sample. The final sample
(approx. 10 kg) was sent to the laboratory, where a
lab-sample of 100 g was randomly taken from each
sample for the determination of fungal incidence.
The remaining sample was finely ground using a
cyclone hammer mill (1 mm sieve) (Pulverisette,
Fritsch GmbH,). For each sample, 2 kg was stored at
-20 °C until analysis for mycotoxins.

Meteorological data

Two meteorological stations located in the prov-
inces of FE and PC were selected in this work. Daily
data of mean air temperature (T, °C), air relative hu-
midity (RH, %) and rainfall (R, mm) were recorded
from the 1st of June to the 30th of August in the years
2009-2011.

Crop phenology and cropping systems

A questionnaire was prepared to collect the rel-
evant information on crop phenology and cropping
system relating to each sampled field. In particular,
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maize hybrid, preceding crop, tillage applied, min-
eral nutrition, pest and disease control, severity of
ECB attack, sowing, silk emergence and harvest
dates (weeks of the year), kernel moisture at harvest
and georeferences of the sampled province were
considered. Data collected were clustered in a data-
base according to the groups defined by Battilani et
al. (2008a) for data analyses.

Reagents and mycotoxin analyses

Chemicals and solvents used for the extraction
and clean-up solutions were ACS grade or equiva-
lent (Carlo Erba). For HPLC analyses, methanol, ace-
tonitrile and acetic acid were HPLC grade (Merck);
water was purified through a Milli-Q treatment sys-
tem (Millipore). Phosphate buffer saline (PBS) was
prepared as follows: NaCl18 g L, KC10.2 g L, Na,H-
PO,1.15gL", KH,PO,0.2 g L'; pH 7.4. Analyses and
standard preparations were performed according
to the methods outlined by Bertuzzi et al. (2012) for
AFs, Pietri and Bertuzzi (2012) for FBs, Bertuzzi et
al. (2014) for TCTs and ZEN. Briefly, AFs and ZEN
contents were determined using a HPLC instrument
with fluorescence detector, FBs using a HPLC-MS/
MS system, and TCTs using a GC-MS system. The
limits of detection (LOD) and quantification (LOQ)
were, respectively: 0.05 and 0.15 ug kg™ for AFs, 10
and 30 ug kg for FBs, 3 and 10 ug kg™ for TCTs and
ZEN.

Moisture analyses

Moisture content was determined using AOAC
Official Method (AOAC, 2005).

Data analyses

The information obtained from questionnaires
and mycotoxin content in maize samples was com-
piled into a database. Samples with mycotoxin con-
tent below the respective LOQs were set to zero for
data analysis. Data on mycotoxin contamination
were In transformed and univariate analysis of vari-
ance was applied using IBM SPSS Statistics 21.

Logistic regressions were developed using crop-
ping system data as independent variables (preced-
ing crops, sowing and harvest weeks, ECB severity
and control, and longitude of sampled province),
and AFB; or FB,+FB, content in grain at harvest as
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dependent variables, to define the probability to ex-
ceed a fixed threshold of contamination depending
on the cropping system applied. Contamination data
were shared in two exclusive groups, 0 = contamina-
tion below the EU legal limits or 1 = contamination
equal/above the EU legal limits (European Commis-
sion, 2006b; 2007; 2011). The thresholds used to sepa-
rate data were fixed at 5 ug kg™ for AFB, and 4,000 ug
kg™ for FBs (as the sum of FB, and FB,).

The probability values of binary logistic regres-
sion range from 0 to 1. When P=0.5, the event is con-
sidered as occurring; when P<0.5, it is considered as
not occurring. The logistic regression module PASW
of IBM SPSS was used to estimate the parameters of
logistic equation. The backward stepwise (condition-
al) method was applied for the selection of relevant
independent variables with probability levels of F =
0.05 and F = 0.10, respectively, for variables to enter
and exit, and a maximum number of iterations = 20.
Results predicted by the logistic regressions devel-
oped for AFB, and FBs were validated using the data
collected in the study (internal validation).

Results and discussion
Meteorological data

Summer meteorological conditions were very
different in the 3 years considered. As an example,
Piacenza and Ferrara are highlighted. These are lo-
cated, respectively, in the North-Western and North-
Eastern parts of the region. Ferrara was more humid
than Piacenza, with more rain days and more rain in
2009 and 2010, but the rainfall trend observed during
the maize growing seasons in the 3 years considered
was similar in the two areas. Regarding temperature,
in 2009, the lowest mean daily temperature for June
and the highest for August were registered in both
provinces considered. 2010 was the most humid
year in June and August, when the greatest number
of rain days and amount (mm) of rainfall were ob-
served. July, the month of maize flowering, was the
coldest in 2011 (1-3°C less than the other two years),
with more rain days, and with no rain in August (Ta-
ble 1) in both Piacenza and Ferrara.

Crop phenology and cropping system

Most of the fields sampled were seeded with 500
and 600 FAO class hybrids (40 and 42%, respective-
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Table 1. Mean monthly temperature (T, °C), mean monthly relative humidity (RH, %), mean monthly summation of rainfall
(R_mm,) and days with rain (R_days) in June, July and August of 2009, 2010 and 2011 measured at two meteorological
stations located in the provinces of Piacenza and Ferrara, Northern Italy.

Meteo 2009 2010 2011
data June July August June July August June July August

Ferrara

T 21 24 26 22 25 23 22 23 25

RH 72 72 65 75 70 74 73 70 63

R_days 6 2 3 8 3 6 7 4 0

R_mm 59 29 27 124 51 74 38 42 0
Piacenza

T 23 25 26 22 26 23 21 23 25

RH 60 60 61 61 59 67 71 63 56

R_days 3 2 1 5 4 3 6 5 0

R_mm 25 11 4 131 9 69 92 31 0

ly). Short season hybrids, FAO class 300-400, were
grown only in 24 fields (18%) during the 3 years of
the study. Fifty per-cent of the fields were sown dur-
ing mid-April, and the remaining samples were from
crops sown in late-March or late-April (respectively,
35 and 15% of the samples). Silk emergence was ob-
served from 15 June and ended around 25 June in
2010, and 12 July in 2009 and 2011. The most recur-
rent harvest period (66% of total samples) was Sep-
tember, while 31% of the crops were harvested at the
end of August and the remaining 3% during the first
week of October. Control of ECB during maize grow-
ing was limited; 37% of sampled fields were sprayed
in 2009, only 17% in 2010 and 30% in 2011. Moisture
of maize kernels at harvest was less than 20% for
53% of samples, between 20% and 25% for 33% of
samples and greater (>25%) for the remaining 14%
of samples collected during the three years. Only a
few response from farmers were received regarding
other cropping parameters, so these were not consid-
ered in the analyses.

Mycotoxin contamination

An overview of mycotoxin contamination found
in maize in the three years is presented in Table 2.
AFs and FBs were often/always detected in the

maize fields sampled, while TCTs and ZEN were
less regularly detected. Among TCTs, only DON was
found; DON occurred in 30 samples, and only in two
samples was the contamination greater than 200 ug
kg (maximum value: 428 ug kg in 2010). ZEN oc-
curred only in one sample. These mycotoxins were
not considered further in this study.

Aflatoxins

Occurrence. The region-wide incidence of AFs was
greater than 75%, with levels above 200 pug kg” in
some samples (560 ug kg’ was the maximum level
for AFB,). However, the occurrence varied between
years. In particular, an AFB; contamination greater
than 5 ug kg was observed, respectively, in 28, 30
and 16% of samples collected in 2009, 2010 and 2011.
(Figure 1). Twelve percent of samples exceeded 20 ug
kg, the legal limit for feed (European Commission,
2011). The occurrence of AFs in maize produced in
Northern Italy has already been reported in previous
studies. In the years 1995-1999, AFB, was detected in
57% of samples, with an average level of 1.7+10.2
ug kg': the contamination was less than 5 ug kg
in 97% of samples and exceeded 20 ug kg™ only in
seven samples (1.4%; Pietri et al., 2004). Higher levels
of contamination were detected in samples collected

215



M. Camardo Leggieri et al.

Table 2. Descriptive statistics of aflatoxins (AFB;, AFB,, AFG, and AFG;), fumonisins (considered as the sum of FB, and
FB,), deoxynivalenol (DON) and zearalenone (ZEN) contamination (ug kg™) for maize grain samples collected in Emilia-

Romagna over the years 2009, 2010 and 2011.

Year Statistics AFB1_ AFBZ_ AFG1_ AFGZ_ FB,+ F_Bz DON_ ZEN_
(hgkg™) (Hgkg™) (Hgkg™) (Hgkg™) (Hgkg™) (gkg")  (Mgkg")

< % positives 95.6 71.7 30.4 13.0 100 32.6 /

E Mean + dev std 34.7£115 2247.1 1.4+4.6 0.1£0.2 3,040+2,830 16+43 /

g Median 22 0.2 <0.1 <0.1 2098 <3 /

& Maximum value 560 38.4 22.6 0.9 10604 266 /

= % positives 77.1 54.2 41.3 14.6 100 229 2.1

1\ Mean + dev std 15.9+42.9 1.5+4.1 1.8+4.6 0.1£0.2 3,781+2,848 27+72 /

S Median 17 0.2 <0.1 <0.1 3,003 <3 /

& Maximum value 213 22.0 23.1 0.9 12,637 428 53

— % positives 58.7 28.3 15.2 43 97.8 8.7 /

ﬁ Mean + dev std 9.8+48.2 0.7£3.5 0.7£3.5 <0.1 2,181+3,184 4+19 /

= Median 0.1 <0.1 <0.1 <0.1 1,356 <3 /

& Maximum value 335 24.2 21.4 0.6 21,007 55 /

100% was 7.7+15.3 ug kg™, and 33% of samples exceeded 5
b ug kg (Pietri et al., 2012). Considerable contamina-

Frequency
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Figure 1. Frequency classes of occurrence (%) for aflatoxin
B; (a) and fumonisin B;+B, (b) in maize samples collected
in seven provinces of Emilia-Romagna in 2009 (46 sam-
ples), 2010 (48 samples) and 2011 (46 samples).

in 2004-2007, particularly in the Emilia Romagna re-
gion (Battilani et al.,, 2008a); mean (median) values
of 16.6 (3.2) ug kg were found in 2004, 2.3 (<LOD)
ug kg in 2005, 20.0 (3.6) ug kg' in 2006 and 15.1
(0.6) ug kg were found in 2007. A high AFB, inci-
dence (87%) was reported in maize produced in the
Emilia Romagna region in 2008; the average level
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tion (42% of samples exceeding 5 g kg") was found
in maize samples collected in the Central-East area
of the region, corresponding to the provinces of RE,
MO, BO, FE and RA.

In the present study, the trend was similar in 2009
and 2010; more than 40% of samples collected in this
area showed amounts of AFB, above 5 ug kg”; only
two samples (one in 2009 and one in 2010) collected
in other provinces showed a concentration greater
than 5 ug kg™. In 2011, the contamination was low
throughout the region.

Role of meteorological conditions and cropping systems.
Because of the increasing contamination trend ob-
served in recent years in Northern Italy, the roles of
meteorological data and cropping systems were con-
sidered, to underline the most relevant factors and
possibly predict their effects on final AFB, content.

Considering the meteorological data collected
from the two selected stations (Table 1), a remarkably
higher RH was recorded in the area of FE compared
with PC (east and west of the region, respectively),
particularly in 2009 and 2010.



No significant differences in AFs contamination
were found between FAO classes of maize hybrids;
the overall mean (median) values were 4.7+7.2 (1.2)
ug kg for 300-400 class hybrids, 4.6£9.6 (1.0) ug kg™
for 500 class hybrids and 8.9+18.5 (1.1) ug kg”, for
600 class hybrids. The FAO class has already been
suggested as an improper parameter to distinguish
between hybrids for mycotoxin susceptibility (Batti-
lani et al., 2011). The water activity content of kernels,
which is certainly crucial for fungal life, is related to
the hybrid, but not to the FAO class. The percentage
of uncontaminated samples for the three classes was,
respectively, 17%, 30% and 24%, while the percent-
age of samples showing contamination levels greater
than 5 pg kg™ was 29% for 300-400 hybrids, 26% for
500 hybrids, and 17% for 600 class hybrids.

No significant differences in contamination were
observed between the sowing weeks; similarly, no
difference was found between samples harvested
in August and those in the first 2 weeks of Septem-
ber. Samples harvested after September 15 (n = 30)
showed a low AFs contamination; only in six sam-
ples was the AFB, level above 5 ug kg™. In the years
2009-2010 (in 2011 the contamination was negligi-
ble), the average AFB, contamination was 9.3+14.5
(median 2.5) ug kg for the samples collected before
September 15, and 4.9+12.8 (median 1.1) ug kg™ for
the samples collected after September 15. Other re-
ports regarding maize sowing periods generally
agree on the positive effect of early sowing, both on
plant well-being and mycotoxin contamination lev-
els, while comments related to harvest period are
more variable (Battilani et al., 2008b; Blandino et al.,
2009; Parson and Munkvold, 2012). This is not sur-
prising, because many factors influence harvest time,
including season length for different hybrids, sow-
ing period, irrigation and fertiliser supply, to men-
tion those playing major roles (Tedihou et al., 2012).

Measurements of kernel moisture at harvest in-
dicated that samples were in three classes: less than
20%, between 20 and 23.5%, greater than 23.5% wa-
ter content. Samples harvested with low moisture
were generally highly contaminated (about 15% of
samples showed mycotoxin levels >20 ug kg™). On
the other hand, no sample harvested with moisture
greater than 23.5% exceeded 20 ug kg™, and only two
samples showed contamination between 5 and 20 ug
kg'. These data confirmed that the risk of high my-
cotoxin contamination increases when kernel mois-
ture at harvest is low (Homdork et al., 2000).

Mycotoxins in maize, role of cropping factors

Control of ECB was performed in only 28% of
the fields; no differences in AFs content were found
in grain from treated or untreated crops, but the low
number of treated fields possibly influenced this result.

Prediction of AFs contamination. All these data were
considered for a logistic regression approach, previ-
ously used for the prediction of AFs contamination
in maize using an aridity index as the independent
variable (Battilani ef al., 2008a). The logistic equa-
tion, run with the backward stepwise approach, se-
lected three parameters, sowing week, ECB severity
and longitude of sampling province, to predict AFB,;
contamination. According to the internal validation
(Table 2a), which compared the output of the logis-
tic regression and field collected data used as input
for parameter definitions, 76% of samples were cor-
rectly classified, 70% correctly predicted as not con-
taminated, and 6% as contaminated above 5 pug kg™
of mycotoxin. False negative predictions were 21%
and false positives were 3%. The most conducive
condition for mycotoxin development occurred with
maize sown in late April in RA with severe ECB at-
tack. Conversely, non-conducive conditions resulted
for maize sown in late March in PC, with light ECB
attack. The probability of harvesting maize with
more than 5 ug kg mycotoxin content was 86% for
conducive environments, and 5% for non-conducive
environments (Table 3).

Fumonisins

Occurrence. The overall incidence of FBs (FB; + FB,)
was close to 100%, with maximum values above
10,000 ug kg in each year. The percentage of sam-

Table 3. Results of the internal validation of logistic regres-
sion for: a) Aflatoxin crop-related factors, and b) Fumoni-
sin crop-related factors. Values (%) in bold represent cor-
rect predictions; predicted 0 and observed 1 are underes-
timates and predicted 1 and observed 0 are overestimates.

Aflatoxin Fumonisin
a Predicted b Predicted
§ 0 1 0 1
g 0 70 3 0 72 4
8 1 21 6 1 22 4
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ples exceeding 4,000 ug kg™ was 33%, in 2009, 35% in
2010 and 9% in 2011 (Figure 1).

In this study, mean annual contaminations were
less than recorded for previous surveys. Several stud-
ies reported high levels of incidence and contamina-
tion in maize collected in Northern Italy. In 2002-2007
(Battilani et al., 2008b) FBs were detected in almost all
maize fields sampled. With the exception of the year
2007, which showed low contamination, the mean
annual contamination of FB; ranged from 4,018 to
6,910 ug kg'. Comparable results were reported by
Berardo et al. (2011) over the years 2006-2008; a mean
FBs contamination of 4,800 ug kg" was reported for
the samples collected in Emilia Romagna.

Role of meteorological conditions and cropping system.
No rain occurred in August 2011. This probably en-
hanced water loss with rapid reduction of water ac-
tivity in kernels. Fusaria activity and FBs production
during ripening was consequently limited. The tem-
perature measured in July 2011 was lower compared
with 2010 and 2009 in the same month, and these low
temperatures were probably a further limiting factor
for FBs synthesis. Hooker et al. (2005) published data
from 1993 to 2000 on FBs occurrence in maize cul-
tivated in Ontario, Canada. They also reported low
incidence of FBs in combination with low rainfall pe-
riods from the end of July to mid-September.

No significant differences in effects of cropping
systems were found between hybrid season length.
This is not in accordance with results from a pre-
vious study, in which significantly lower contami-
nation was reported for hybrids belonging to 3-400
FAO classes (Pietri et al., 2012) than other classes.
The low number of 3-400 class hybrids in the pre-
sent study (18%) could have influenced the statisti-
cal data analysis. Furthermore, other characteristics
of hybrids, such as chemical composition and fatty
acid content, as suggested by Dall’Asta et al. (2012),
could have played a major role. No significant differ-
ences regarding sowing and harvesting weeks were
observed. As for AFs, low moisture content of ker-
nels at harvest increased the risk of high contamina-
tion. For samples harvested at less than 20% mois-
ture, 37% exceeded 4,000 ug kg, while only 16% of
samples at greater moisture content exceeded this
amount of mycotoxin. Control of ECB reduced FBs
contamination; the percentage of samples exceed-
ing 4,000 ug kg was 30% without control and 16%
where control had been applied.
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Prediction of FBs contamination. The factors selected
by the logistic regression, run using the backward
stepwise procedure to compute the probability of
exceeding the fixed threshold for FBs, were year,
sowing week, ECB control and longitude of sam-
pling province. These factors were only partially in
agreement with those selected in a previous similar
approach. In particular, in Battilani et al. (2008b),
sowing week and longitude of sampling place were
between the selected parameters, in agreement with
this study, but FAO hybrid class and growing weeks
(number of weeks from sowing to harvest) were also
included. ECB control, selected in the present study,
was not considered by Battilani et al. (2008b), because
that practice was not yet commonly applied.

As reported in Table 2b, according to the internal
validation managed in this study, 76% of samples
were correctly classified, 72% correctly predicted
as not contaminated and 4% were predicted as con-
taminated above 4,000 ug/kg. The samples classified
as false negatives, predicted uncontaminated but
observed with FBs above the legal limit, were 22%
of the total dataset. The residual 4% included “false
alarms”, which means samples below, but predicted
above, the fixed threshold. This result is better than
those reported previously, when only 58% of sam-
ples were correctly classified (Battilani et al., 2008b).

The most conducive conditions for maize grain
mycotoxin production occurred in the BO growing
area, in crops sown late in April and not sprayed
against ECB. Moreover, ECB control and early sow-
ing (before the end of March) resulted in a significant
reduction of the contamination risk in the RE prov-
ince. The probability of harvesting maize with more
than 4,000 ug kg was 69% and 3% when the most
conducive or unfavourable conditions, respectively,
were used as data input in the logistic regression as
input (Table 4).

Concluding remarks

This 3-year investigation and computation of an
epidemiological regression model confirmed the im-
portant role played by agronomic practices during
the maize growing season for AFs and FBs contami-
nation of kernels. Both for AFB, and FBs, cropping
system data, in particular sowing period and ECB
attack, together with longitude, gave 76% correct
predictions in terms of probability of overcoming
the fixed legal mycotoxin limits. Longitude clustered
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Table 4. Cropping system factors selected by the logistic equations to define conducive /not-conducive scenarios for AFB,

and FBs contamination in maize grain.

Cropping system factor

Conducive Not conducive

Aflatoxin (AFB;)

Sowing week Late (end of Early (March)
April)

ECB severity High Light

Longitude of sampling province RA (11°59'E) PC (9°35' E)
86%" 5%*

Fumonisin (FBs)

Sowing week Late (end of Early (March)
April)

ECB control Not-sprayed Sprayed

Longitude of sampling province

BO (11°26' E) RE (10°37' E)
69%* 3%*

* Probability to exceed the fixed threshold of contamination depending on the crop-

ping system applied.

different aspects such as meteorological conditions,
soil type or the cropping system commonly applied,
which are typically dependent on the habits of farm-
ers. These factors contributed significantly, as ex-
pected.

The major role played by meteorological condi-
tions is confirmed, both for AFB,; and FBs, and weath-
er cannot be ignored in predictions. A mechanistic
model using meteorological data as input to predict
AFB,; contamination in maize was recently published
(Battilani et al., 2013) and a similar one regarding FBs
is currently in preparation. However, some param-
eters, i.e. sowing week and longitude, were selected
for their relevant contribution to FBs prediction in
this study, in agreement with a previous report (Bat-
tilani et al., 2008b). ECB control, applied to reduce the
severity of pest attack, was also included among the
significant model parameters in this study. Cropping
system data are difficult to consider factor by factor,
due to their likely interactions. The logistic regres-
sion should therefore represent a good alternative, to
take into account these interacting parameters. The
logistic regression developed here, accounting for the
role of cropping system, should support previously
cited mechanistic models, using meteorological data
as inputs, to improve their predictive performances.

This holistic approach could better support farmers,
stakeholders and others involved in the management
of mycotoxins along the maize chain (Battilani and
Camardo Leggieri, 2014). The logistic regression de-
veloped, even if based on data collected in a particu-
lar geographic area (Emilia Romagna, North Italy),
can be used in other areas after validation /recalibra-
tion of parameters with data of cropping system and
mycotoxin contamination collected in the areas of in-
terest (Camardo Leggieri et al., 2013).
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