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A PROJECT CONTEXT

1.0 CEREALS PRODUCTION IN THE EUROPEAN UNION

1.1 Climate

The European Union (EU) occupies most of the central and western part of the European land-mass,
together with the principal off-shore islands (British Isles). Broadly speaking, continental Europe
can be divided into five broad climatic zones (287).

Northwest:-  Including the United Kingdom, Denmark, Benelux Western Germany, Western
‘Austria and most of France. These dreas are generally characterised by relatively

- mild summers and cool winters,

‘ Scandmawé - Including Norway, Sweden and Finland. In the extreme south, tlns area experzences C

mild summers with cold winters, in the north - a cold to mild summer with an arctic

. : winter
Northeast: -  Including Eastern Germany and Central and Eastern Austria, Poland, Hungary. These
' ) . areas are often charactrerised by relatively warm summers and cold winters, often

_ with heavy snow cover.
Southeast: -  Including Southern Balkan states and Greece and most of Italy. These countnes

generally experience hot dry summers in the south with mild winters, but snow in’

mountainous areas.
Southwest: - Principally the Iberian Peninsula. Generally this area has hot and relatively dry

sumrners with mild cool winters.

This is a very broad description and growing seasons, even within a particular climatic zone can
vary considerably. Although areas with growing periods in excess of 240 days are generally found
in Southern Europe, some areas in North-western Europe, e.g. Brittany, France and the Southwest

of the UK and Ireland also benefit from equally long periods.

1.2 Grain Production and Consumption in the European Union

This project is principally concerned with the cereals: barley, wheat and maize. The EU currently
produces approximately 16.5%, 38.0% and 6.0% of the world's wheat, barley and maize respectively
(1999 data, reference 22). Broadly speaking there is a shift in the types of crops grown within the
EU with barley and wheat in the north and wheat and maize in the south.

During the period 1990 to 1999 there was an increase in European cereals production from
approximately 158 million tonnes to a peak of 192 million tonnes in 1998 and 182 million tonnes
in 1999 (2). During this period, wheat production within the European Union rose from 84.7 million
tonnes in 1990 to a peak of 103.8 million tonnes in 1998 and to 96.7 million tonnes in 1999. In the
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same period there was a fall in barley production (50.4 to 48.6 million tonnes) and a rise in the
maize crop from 22.6 to 36.6 million tonnes in 1999. These figures can be misleading and do not
reflect the situation in individual Member States. For example in Italy, while wheat production has
remained relatively static, at approximately 8 million tonnes per year, maize production has
increased from 5.9 million tonnes in 1990 to 9.7 million tonnes in 1999. Most cereals grown within
the EU are destined for the human food chain either directly or as a component of animal feed. In
the case of wheat approximately equal proportions are used in food (38%) and animal feed (39%)
production. In terms of coarse grains (primarily maize and barley) the distribution is more biased
to animal feed (60%) with approximately 5% being used directly for human foods.

2.0 AGRICULTURAL AND PUBLIC HEALTH SIGNIFICANCE OF FUSARIUM SPECIES
2.1 . Plant Diseases Associéted With Fusarium spp. '

2.1.1 Introduction

Members of the genus F usarium are important plant pathogens, partlcularly of cereals, These

diseases are.of considerable commercial importance both with regard to yleld and technological .

_quahty (rcvmwed by Bai and Shaner, 37)

2. 1 2 Wheat & Barley

Fusarmm spp. are associated with three principle types of disease in small grain (e.g. wheat and
barley) crops (reviewed by Miedaner, 255).

Seedling Blight

This is generally caused by F. culmorum and/or F. graminearum. It occurs in humid climates,
usually a consequence of seed borne infection. The disease leads to both a reduction in the number
of viable plants and the promotion of secondary attack by pests. A second type of seedling blight
caused by F. pseudograminearum (F graminearum type |, reference 13) results from soil borme
infection and only occurs in dry soils (63). Cultivars resistant to Fusarium spp. induced seedling
blight may also be resistant to ear blight, the key fusarial disease involved in mycotoxin

contamination (249).

Stem Base Diseases

Members of the Fusarium genus are associated with three types of this disease:

Brown Foot Rot This is caused by F. culmorum and F. graminearum in areas of high soil

moisture and humidity (97). The disease is usually the consequence of a more complex attack
including fungi from other genera (e.g. Microdochium nivale). This disease begins with an attack
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from an above ground inoculum. It is associated with reduced yields due to impaired capacity of the
stem to transfer nutrients to the ear, as well as an increased risk of lodging (255), itself a risk-factor
in Fusarium spp. mycotoxin contamination of small grain cereals (211).

Crown Rot Mediated by F. pseudograminearum under dry weather and soil conditions.
In contrast to brown foot rot, this is associated with a below ground inoculum entering the plants
around the emerging roots and crowns (97) and remains latent, until the plant is put under extreme
water stress (98). The disease leads to premature ripening of the crop with reductions in kernel
number and/or weight). Although not probably such arisk factor in the humid climatic areas, found
through central and northern parts of the EU, at a global level, crown rot is probably the most
destructive of the Fusarium spp. linked diseases (255).

Common Foot Rot  Often caused by a complex attack involving F. culmorum, F. grammearum

and Bipolaris sorokiniana and seen in North America (395).

Fusarium Ear Blight

Early studies by 'fu (375) proposed that F: usarium ear blight was associated with infection of the -

wheat shortly before, during or just after anthesis and was favoured by humid conditions, In terms

of mycotoxin contamination this is considered to be the key causative disease (80). Epidemics of

Fusarium ear blight were reported as long ago as 1884 in England and 1890 in USA (80). In the

twentieth century; epidemics of Fusarium ear blight diseases first came to light in Japan in 1962

(400) and in North America in the beginning of the 1980s (343). The significance of early root
infection to subsequent Fusarium ear blight and mycotoxin contamination is uncertain. However,
no link appears to be mediated by a systemic route. Studies with winter wheat, where splash
contamination of the plant was prevented (95), revealed that, when grown in Fusarium spp.
contaminated compost; fungi were recovered in the stem tissue above soﬁ level, evenin apparently
symptomless plants. However, no fungi were recovered from the ears.

2.1.3 Maize

In maize, Fusarium spp. mediate three types of ear disease closely related to the risk of mycotoxin
contamination (reviewed in 52):

Gibberella Ear Rot (also called pink earrot)  Associated with Gibberella zeae (the sexual stage
of F. graminearum) and F. culmorum; these fungi can contaminate maize with deoxynivalenol,
zearalenone and T-2 toxin. Climate appears to be determining factor on the causative organism, with
F. graminearum being associated with outbreaks of the disease in Canada and northern Europe, while
F. culmorum tends to be the dominant organism in north central and Eastern Europe.

Fusarium Ear Rot Mediated mainly by F. monoliforme, F. subglutans and F. proliferatum.
These organisms are associated with the production of moniliformin and the fumonisins. The

environmental conditions which favour this disease are dry weather and insect damage.
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Red Ear Rot (red fusariosis) Less common than the other two diseases and is associated with
the organisms F. equiseti, F. sporotrichoides, F. crookwellense, and F. avenaceum. These fungi are

associated with the production of the A-type trichothecenes, including T-2 toxin.

2.1.4 Fusarium Diseases and Myvcotoxin Contamination of Cereals

Plant diseases associated with Fusarium spp. also have implications regarding public health. As
alluded to above, different members of this genus can also produce mycotoxins known to be harmful
to both man and livestock (15). It has been estimated that worldwide, 25% of food crops are
contaminated with mycotoxins, with those from Fusarium spp. making a significant contribution
(79). Examples of some of the principal mycotoxins produced by Fusarium spp. are detailed in
Table 1. Chelkowski (80) has listed over 20 species of Fusarium associated with grain. To this list

he added Microdoctium nivale. Although not a member of the genus Fusarium, it is a significant L

pathogen that can induce ear blight but does not appear to produce any mycotoxins. F. culmorum.
is frequently found in'the cooler maritime regions of northern Europe while F. graminearum

predomlnates on a global scale (292).

Itis important to note that a priori, all strains of the same species do not necessarily produce one
or more of the mycotoxins listed. Logrieco er al. (225) observed that all of the F. proliferatum
strains, isolated from Italian maize exhibiting preharvest maize rot were capable of producing
-fumonisin B,. However, Chelkowski e al. (84) found that four out of thirteen isolates of F.
‘culmoium isolated from wheat produced deoxynivalenol; while twelve produced zearalenone. Work
by L'-vova et af (204) with F. graminearum strains isolated from scabby wheat, found that all of the
strains studied were capable of producing deoxynivalenol and zearalenone, while 36% and 17%
were capable of producing acetyl-deoxynivalenol and zearalenol respectively. Visconti and Doko
(385) examined strains of Fusarium spp. isolated from a variety of crops and mixed feed from
France, Italy, Poland and Spain. They found that all of the strains of . moniliforme were capable
of producing fumonisin B; in varying amounts while little or no toxin production was found in

cultures of F. subglutinans.
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Fusarium species and the principal toxins they produce (after 15)

Species

Principal Toxins Produced

F acuminatum

T-2 toxin, HT-2 toxin

F. avenaceum

Moniliformin

F. cerealis (crookwellense)

Nivalenol, Fusarenon X, Zearalenone

F culmorum

Deoxynivalenol, Zearalenone

Diacetoxyscipernol, Zearalenone,

F. equiseti
. Fusarochromanone

F. graminearum Deoxynivalenol, Zearalenone,
' : - Acetyldeoxynivalenol

F. oxysporum Moniliformin

Diacetoxyscipernol, Monoaceteoxyscirpenol,

F. poae
) Nivalenol, Fusarenon X

F. proliferatum Fumonisins, Moniliformin

F. sacchari (subglutans) Moniliformin
F. sambucinum Diacetoxyscipemol
F. semitectum (incarnatum) Zearalenone ) ‘
F. sporotrichioides T-2 toxin, HT-2 toxin
F. torulosum Wortmanin
F. tricinctum Fusarochromanone
| F. verticillioides Fumonisins

2.2 Public Health Implications

The toxicological status of Fusarium spp. mycotoxins has recently been reviewed by the EU
Scientific Committee on Food (335-340). Of direct relevance to all three crops (wheat, barley and
maize) considered in this study are the trichothecenes (e.g. T-2 toxin, HT-2 toxin, deoxynivalenol
and nivalenol) and zeralenone. Another group of Fusarium spp. mycotoxins of significance to man,
the fumonisins, are associated with maize. Mycotoxins produced by the genus Fusarium are
chemically diverse and elicit a diverse range of toxic effects. A number of these compounds have
been shown to be involved in human toxicoses. The trichothecenes T-2 toxin and HT-2 toxin have
been associated with outbreaks of alimentary toxic aleukia in the Soviet Union in the period 1941-
47 (discussed in 336). Toxicoses with other mycotoxins have also been recorded. Deoxynivalenol
and other trichothecenes have been implicated in food poisoning incidents in China, India and Japan
(reviewed in 81). Zearalenone may have been a contributor to precocious pubertal changes in young
children in Puerto Rico between 1978 and 1981 (discussed in 15) and more recently South East
Hungary (362). Epidemiological evidence has correlated exposure to fiumonisins (90, 401) and other
Fusarium spp. mycotoxins (229) to the occurrence of oesophageal cancer, in certain parts of China,
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where the incidence of the disease is abnormally high. In light of this and other evidence,
fumonisins have been evaluated as being type 2b carcinogens - possibly carcinogenic to humans

(174).

While no major human toxicoses atiributable to Fusarium spp. mycotoxins have been reported
within the EU, levels of contamination in both commodities and finished products in certain
Member States has prompted cause for concern. One such example relates to the elevated levels of
deoxynivalenol associated with the 1998 wheat harvest in some parts of the Western European
mainland (163). As a consequence, some Member States have introduced monitoring and
intervention programmes (354). Although levels of contamination subsequently decreased in
harvests from following years, occasional product recalls from the public as a result of levels

exceeding national limits for deoxynivaleno.l have occurred (e.g. 21).

. In response to this problem, a number of papers have been produced to sug e'st strategies to control

mycotoxins at the level of Good Agricultiral Practice (20, 21, 24). It has also been proposed that
subsequent developments should involve application of the HACCP approach to the control of
mycotoxins (16, 21). Such an approach has already been used with regard to the question of
ochratoxin A contamination in the UK cereal crop (11), and the concept has also been proposed and
discussed in outline for Fusarium-spp. mycotoxins (330). . .

3.0 - FACTORS AFFECTING FUNGAL GROWTH AND MYCOTOXIN DEVELOPMENT

3.1 - Laboratory Studies

Both fungal growth and mycotoxin production are govemed by two environmental variables,
temperature and water activity. Comerio ef al. (96) looked at deoxynivalenol production in wheat
maintained at different water activities (0.90 - 0.98) stored at 25°C over a 10 weeks period. The
highest levels of mycotoxin production were found in wheat stored at a water activity of 0.98 and
decreased with progressive reductions in water activity. No deoxynivalenol was found in samples
stored at water activity of 0.90. Studies (282) using different substrates (oat, wheat or straw) and F.
sporotrichioides Sherd. have shown mycotoxin production (T-2 toxin) to occur at water activities

as low as (.84-0.88.

Marin et al. (235, 238) have demonstrated that growth and mycotoxin production by Fusarium spp.
(e.g. F. proliferatum or F. moniliforme) and fumonisin By and B; production requires relatively high
water activities (0.93 - 0.97). Further studies by this group (232, 234) have characterised fumonisin
B, production over different water activities and temperature profiles. They have used these data
to generate predictive models for the production of this mycotoxin by F. moniliforme and F.
prolifeatum. Similar observations with regard to the requirement for high water activity levels have
been made by Cahagnier ef al. (65). They observed that reducing the water activity from 1.0 to 0.9,
led to 20-fold reduction in fungal growth and 300-fold reduction in fumonisin production.
Subsequent work by this group (247) looked at two isolates of F. proliferatum from maize grown
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in France, which differed in their ability to produce fumonisin By. For both strains, the optimum
temperature for mycotoxin production was 15°C, however, toxin production by the two strains
differed at low temperature (10°C), with one strain producing almost the same amount as at 15°C,
while the other, almost 1,000-fold less than the optimum.

The kinetics of fumonisin B; production in maize by F. moniliforme have been described by Alberts
et al. (10). They observed that mycotoxin production began 2 weeks into the active growth phase
of the mould and continued to increase during the stationary phase (achieved at 4 to 6 weeks).
Mycotoxin levels reached a maximum at 13 weeks and then decreased. Other studies (39) looking
at a range of F. moniliforme isolates found that optimum mycotoxin production took place at
temperatures between 20° and 25°C, with no mycotoxin productlon occurring at a lower range of

5-10 °C, nor ata higher range of 30-35°C.

- Laboratory studies have also shown that the composition of the mycoflora can 'affect both Fusarium

~ spp. growth and mycotoxin productions. Marin e al. (236) investigated the effect of water activity
and temperature on the colonization of maize grain by isolates of F. moniliforme and F.

proliferatum with different spoilage fungi (Aspergillus spp. and Penicillium spp.). At low water

- activities (0.93 or 0.95) mutual inhibition on contact or overgrowth by the spoilage fungi was
observed, however, this was not accompanied by a decrease in fumonisin production. At higher
. water activities (0,98), interaction with Aspergillus spp. led to stimulation of fumonisin production

by both Fusarium species, while interaction with-Penicillium implicatum, led to a reduction in -

mycotoxin production by F. moniliforme. This same group (381) also investigated the effects of
competition between a fumonisin producing isolate of either F. moniliforme ot F. proliferatum and
an isolate of F. graminearum that produced zearalenone. Under the conditions studied (water
activities, 0.98, 0.95, 0.93 and temperatures, 15 or 25°C), populations of the fumonisin B, producing
strains were reduced in the presence of a zearalenone producing strain of F, graminearum. In
addition, while zearalenone production was not affected under any of the conditions studied, the
presence of F. graminearum inhibited fumonisin B production by F. proliferatum. In the case of
the F. moniliforme strain, mycotoxin production was inhibited at 15°C but enhanced at 25°C.

Studies have also been performed looking at T-2 toxin produced by F. sporotrichioides, using barley
infected with Aspergillus flavus, Penicillium verrucosum or Hyphopichia burtonii as substrates
(315). While the presence of these fungi did not inhibit germination of the Fusarium, subsequent
colonisation was inhibited at all of the conditions studied. T-2 toxin production only took place at
20°C, at water activity values of 0.97 or 0.95 and mostly during the first 7 days. Toxin production
was significantly greater when F. sporotrichioides was grown in the presence of P. verrucosum and
A. flavus and only slightly lower in the presence of H. burtonii, despite an apparent lack of F.
sporotrichioides growth.

Zearalenone production in a number of different Fusarium species (F. graminearum, F. culmorum
and F. oxysporum) has been studied ir vitro (187, 260). Optimum production was found at a water
activity of 0.97 and various temperatures at or below 30°C. Little or no mycotoxin production was
seen when cultures were incubated between 12 -14°C or at 37°C. Similar studies (269) looking at
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zearalenone production by F. graminearum indicated that the optimum water activity for mycotoxin
production was at least 0.97, while no toxin production was observed at a water activity of 0.90.
3.2 Field Studies

3.2.1 Wheat & Barley

The general process by which Fusarium spp. infection takes place has been reviewed by Smith et
al., (353) and further characterised in more recent studies (140, 297).

In general, Fusarium ear-blight epidemics appear to be linked with multiple inoculation events with
coincident wet periods (143). Surface wetness for 48-60 lirs is also required for substantial infection. )
In broad outline, Fusarium spp. are harboured within plant debris in the soil (396) where 'ascophores
and macroconidia form the resistant stage. for survival. The ascophores are dispersed mainly at -
night, requiring a relative humidity of 95-100% and ambient temperatures in the range of 11°-23°C.

. Typically, peak ascosphore release occurs two to four days after major rainfall. High rainfall during

anthesis (flower opening) and kernel development has been associated with both elevated incidences
of Fusaritum spp. linked diseases and mycotoxin (e.g. deoxynivalenol) production (S) Laboratory
experiments (182) involving simulations of rain showers suggest that maximum splash heights for
the transmission of F. culmorum and F. avenaceum were 60 and 45¢m in wheat at maximum
horizontal distances of >100 and 90 cm respectwely from the source. For the disease to progress to °
epidemic proportions, it is usually necessary for relative humidities to remain high sometime after
anthesis. This enables fungus on the ears to sporulate and infect neighbouring plants as well as late

flowering ones (52).

As in the case of wheat and barley, optimum weather conditions for the release of fungal spores
must coincide with the time that the maize crop is at its most receptive. Optimum temperatures for
infection are between 25° and 32°C (170). Epidemics of fusarial diseases are usually completed
within one reproductive cycle, since the corn ears are only receptive for about 10 to 20 days after
silking. Spore dispersal is favoured by rain, which promote splashing and/or are wind driven. These
climatic conditions plus persistent wetness of the ear (>48-60 hours) promote infection (358). In the
case of F. graminearum, maize appears to be susceptible to airborne infection for between 7 and
10 days after silking has commenced. The inoculum can be conidia or ascospores, chlamidospores
and hyphal fragments. These originate from the previous crop debris left on or near the soil surface

(195).

With regard to F. moniliforme infections, the situation is more complicated. Early work (376)
demonstrated that diseases associated with fungus were affected by moisture during silk emergence
and were favoured by wet weather later in the season. Experimental studies with F. moniliforme
(197) observed that its infection of maize kernels began approximately 2 weeks after mid silk and
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then increased progressively. Subsequent studies (162) have indicated that the browning and
senescence of silks appeared to be important in initiating infection. F. moniliforme is something of
an enigma, since it can sometimes exist systemically within the maize plant without showing any
disease symptoms (142), leading to the suggestion that not all strains of this species are pathogenic
(45, 46).
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B GRAIN PRODUCTION (SEED TO PRIMARY PROCESSOR)
Author’s note: stage numbers referred to in the text, cross reference to those quoted in the
Sflow diagram (Figure 3) used for the hazard/risk analyses described in the main body of the

report

1.0 FARM-FIELD (STAGES 1 -4)

1.1  Field Preparation (Stage 1)

1.1.1 _GeoEraDhY

Fiisarium spp. are usually a normal constituent of the soil mycoflora. However, the numbers (both
in absolute and relative terms) together. with the genotypes and phenotypes present in the soil differ
with location. Studies in North America, performed over a number of growth seasons, have
demonstrated geography not only to influence the nature of the species and frequency of occurrence
of Fusarium organisms (93, 227), but also the amounts and types of mycotoxin produced (383, 390)..
Matters are made more complicated in that the proportion of the crop contaminated with Fusarium
spp. toxins varies from year to year (341, 373, 374). A similar phenomenon has been observed ir
other parts of the world e.g. South Africa (199, 379) and Brazil (144). Parallel studies have also
been performed in Eurepe, including, Bavaria (218), United Kingdom (309), Russia (206, 403),

" Czech Republic (179), the Netherfands (281), Norway (208) and Poland (153, 222) - all with similar

results. The situation is further complicated, in that, at least one study (257) has shown that
considerable amount (about 60%) of the genetic variation associated with Fusarium spp. virulence

takes place within the individual field population.

Bottalico (60) has reviewed the production of Fusarium produced mycotoxins in European cereals.
While the most frequently encountered mycotoxins were deoxynivalenol and zearalenone, regional
variations between warmer and cooler climates and between central Furope and the maritime
regions were also noted. For example the major organism producing deoxynivalenol and
zearalenone in Southern Europe was F. graminearum, while F. culmorum predominated in the north
of the continent. Subsequently a survey of the Italian mycoflora was published (36). In all, 16
species of Fusarium were found. While F. oxysporum, F. equiseti, F. solani and F. compactum were
the most frequently occurring species found, . oxysporum was predominantly found in Northern
and Central Italy, while F. equiseti was mainly found in central and southern Italy. Paradoxically
a French study (35) appeared to show that when looking at one particular fungal species (in this case
F. culmorum), although the species could be divided into two chemotypes, based on the types of
mycotoxins they produced, there was no geographical determinant in their distribution.

The consequences of differences in geographical distribution can have a direct influence as to
whether or not they provide a mycotoxin hazard. For instance studies on the Fusarium spp.
mycoflora found in Sicilian cereals (101) demonstrated that while mycotoxigenic Fusarium spp.
were present, the predominant species isolated (F. moniliforme) did not produce any of the
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mycotoxins studied (including deoxynivalenol and zearalenone). Defining a precise geographical
area, in order to focus resources, can be difficult given the geographical variations in both Fusarium
infection and mycotoxin production. These phenomena can operate at quite a low level. For example
studies in Bavaria (218) have observed regional differences with highest levels of deoxynivalenol
contamination being found in Middle and Lower Franconia. In contrast Gilbert et al. (148) found

no geographic trend with regard to the UK barley crop.

The effects of geographical factors can change with time, For example de Nijs et al. (109) compaied :

the wheat harvest in north and south Netherlands in 1991 with that of 1993. Although total fungal
loading in the two crops was similar, the number of Fusarium spp. contaminated samples changed.
In 1991, 34% of samples (all from the north of the country) were contaminated with Fusarium spp.,

while in 1993, §3% (from both north and south) were found to be contaminated. Analysis of the -

1993 crop revealed 3% of cereal samples to contain deoxynivalenol and zearalenone at significant

levels.

A key component of the contribution made to the role played by geography is climate. Climatic
conditions play a role not only in the genotypes of Fusarium spp. present in the soil, but also in the
infective process and subsequent events. Given this significance, the subject of climate is dealt in
its entirety in section 1.3.1 below. In addition to climate another geographical factor that heeds to

be considered is the geology of the location and its effects on plant health. Thus the mineral content

- of the soil may also be a contributory factor to the ease with which Fusariym spp. can infect cereals.
It has been demonstrated that zinc deficiency in the soil contributes an increased risk of Fusarium
spp. infection. This risk can be reduced by addition of zinc based soil fertilisers or the use of crop

varieties more efficient in their uptake of zinc (1535, 355)

1.1.2  Ground Preparation

Certain types of ground preparation and crop rotation appear to affect the incidence of Fusarium
spp. disease (166). As discussed previously (Part A, sections 3.2.1, 3.2.2), crop residues from the
previous harvest have the potential of acting as sources on inoculum. The amount of Fusarium spp.
spores being produced in the spring being inversely proportional to the degree of decomposition of
the plant debris present (44). Fusarium spp. linked wheat ear blight is also favored by increased
amounts of surface residue from previous crops. Plant debris can therefore act as a long-term
reservoir of infection by Fusarium spp., this ability being dependent on the original plant source and

its location (143, 149, 157, 316).

Debris management is therefore an element of the system that has to be controlled. It has been
known for some time, that stubble management techniques contribute not only to the efficiency of
Fusarium spp. infection but also to its route (99, 357). In particular, the importance of stubble as
the source of the field inoculum has been demonstrated. American studies have shown that maize
stalks still left standing after harvest in October were heavily contaminated with toxigenic Fusarium
spp- (267). Studies (99) with plant debris inoculated with spores of Fusarium moniliforme, F.
proliferatum, or F. subglutinans, have demonstrated that the fungi can persist for considerable

Client Ref. C03009
Doc. Ref. CCPDG_B4784_FinalSOR_FSA March 2004

B p
\'m ;
sl @



“% i
e

7
“‘mw”f

Page 16 of 61

periods of time, in excess of two growing seasons. In the long term (630 days), crop rotation and
burial of the debris in the soil led to the lowest survival rates for the fungi. Overall fungal survival
decreased more slowly in the surface residues than in the buried ones.

Maize residues in particular, take longer to decompose than those from other crops and provide a
suitable environment for F. graminearum to survive over the winter (44). The advent of late
varieties and their cultivation in cooler climes appears to be a significant confounding factor in the
incidence of fusarial infections. As in North America (94) there is an increasing preponderance of
F. graminearum over F. culmorum in Northern Europe (94, 319), accompanied by an increased
incidence of Fusarium ear blight (246). This has been associated, at least in part, with the inclusion
of maize within the crop rotation and the adoption of no tillage systems (245, 319). Plant debris
management also includes weed control. There is some evidence that certain plants, whilst not
exhibiting any symptoms themselves, can act as hosts for pathogemc Fusarium spp. (139, 181, 239).”

Introducnon of no-tzllage systems to combat soﬂ erosion (246) appedr to exacerbate the s1tuatxon'
with regard to the amount of plant residue remaining on the surface. Moldboard ploughmg has been
shown to lower incidences of Fusarium ear blight and deoxynivalenol contamination.(116). Stubble
management is therefore important and extends beyond tillage practices. For example, studies in
Austria (216) have shown that the practice of stubble burning may- actually favour zearalenone
formation in the subsequent .year's crop. Later studies. by others (352) have shown that stubble.

burnmg can promote Fusarium ear blight.

In countries with the potential of a long growing season and where winter varieties of wheat are
sown (e.g. Italy), a common practice is to plough the soil some time after harvest and allow it to
remain fallow under the autumn sun before sowing the following year’s crop. This practice
(‘solarization') has been shown to reduce Fusarium spp. loading in the soil and reduce the incidence
of Fusariosis and mycotoxin production in maize. Ahmad et al (8), studying the maize crop,
reported that exposing ploughed irrigated soil to sunlight for seven weeks led to substantial
reductions in the incidence of: F. moniliforme, Macrophomina phaseolina and F. graminearum. The
degree to which solarization was effective was determined in part by the variety of maize grown.

Ground fertiliser treatments can also contribute to the incidence of the Fusarium ear blight and by
inference mycotoxin contamination. The incidence of disease was less where nitrogen was added
in an organic (e.g. pea vines or manure) rather than inorganic form (352). In contrast Bateman and
Coskun (40) observed that propagule numbers of F. culmorum were highest during July in fields
treated with manure. This information is consistent with other observations in northern Italy. Here
it has been observed that in the organic wheat market, a switch from traditional urea to manure as
a field nitrogen source has led to increased incidences of Fusariosis in the crop (58). The efficacy
of urea in the management of Fusarium spp. diseases was also noted by Teich ef al. (368) who
observed that wheat fertilized with urea exhibited less ear blight than crops treated with ammonium

nitrate.
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1.1.3 Crop Rotation

Crop rotation also plays a role in either increasing or reducing the risk of Fusarium spp. infection.
From section 1.1.2, it is evident that certain types of plant debris are better substrates for Fusarium
spp. Reduction of infection is associated with those rotational systems which break the infective
cycle (223). Rotations involving legumes (116, 196, 308, 352), Brassicas (198, 203), or leaving the
field fallow (207), have all been shown to lead to reduced disease incidence. In the case of
Brassicas, it has been suggested that the suppressive effects on Fusarium spp. may be mediated by
the isothiocyanate compounds produced by such plants (198). There is evidence to suggest that such
rotations may also (as a consequence of reducing the incidence of fusarial diseases?) lead to reduced

mycotoxin production (116, 203)

“There are also crop-rotation systems that favour increased infection. Teich and Hamilton (367
-working in Ontario, Canada observed that both the incidence of ear blight-and production of

deoxynivalenol were higher in wheat which was rotated with maize as opposed to soybeans, barley, .

and mixed grains where no such increase was observed. Other factors considered (e.g. fertiliser
regime, disease, cultivar) did not appear to contribute an effect. A subsequent Canadian study (92),
this time in Manitoba, also identified a wheat/maize rotation as favouring the incidence of head
blight and mycotoxin contamination. Similar observations have been reported elsewhere in North
America (116). Others (33) have demonstrated that crop rotation becomes increasingly important
- when no-tillage-systems are used. One particular mechanism by.which this occurs, is the observation
that experimentally at least, certain crops for example wheat, actually favour a change in the soil

Fusarium spp. population (128).

Studies in Europe such as those by Plaskowska (308) have confirmed the results of the studies in
North America. In Plaskowska's studies, field bean was a beneficial fore-crop with regard to risk
of Fusarium spp. infection, while spring barley was the worst. Similar results were obtained in
Switzerland with winter wheat (203). In the Swiss studies, the highest incidence of Fusarium
infection was obtained in crops grown in fields where the preceding crops had been either maize or
wheat and no tillage had been used. Ploughing or digging the field with a cultivator led to reductions
in deoxynivalenol concentrations of 79% and 47% respectively. In fields where no tillage was used,
introduction of rape as the prior rotational crop led to a reduction of 90% in deoxynivalenol

concentrations.
1.2 Sow Seed (Stage 2)

1.2.1 Crop density

As discussed in Part A section 3.2.1, a key factor contributing to epidemic spread of the Fusarium
fungi is the spread of spores from plants already infected by the disease (93), particularly under
humid conditions (160). It has therefore been recommended that seeding rates should be no higher

than that for optimal yield (160).
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1.2.2  Spectes and Variety.

Both the species and variety of the crop sown are contributory factors in determining which
particular fungal organism will be responsible for any pathogenesis (66, 67, 241, 256, 380, 397).
Laboratory studies in Canada, working with spring varieties of cereals (100), showed significant
differences between cultivars. This was more marked in wheat than in barley. It was also
demonstrated that there was a negative correlation between plant height and seed infection.
Moreover, hard wheat cultivars were shown to be more resistant than the soft wheat varieties, as too,
cultivars of malting barley compared with feed varieties. Intra-species variation has also been shown
in the field. Work such as that by Celletti ef al. (77) has demonstrated that in the same geographical
area (Prince Edward Island, Canada), infection of winter wheat ears was often effected by F.
avenaceum and F. sambucinum as opposed to Bipolaris sorokiniana and F.- graminearum in barley.
They also observed that soil populations F. sambucinum were higher in fields where wheat as

opposed to barley was grown.

Generally speaking, while trichothecene mycotoxins have beén found in all three cereals considered
in this study, contamination by fumonisin mycotoxins of field grown commodities appeared to be
restricted to maize. Studies in Spain (71) however, have demonstrated that these mycotoxins can
Ee found in other commodities (e.g. wheat and barley) albeit at low levels. This observation may
be in part be explained by laboratory studies. In one study (385), it was observed that F. moniliforme
isolates from maize produced higher quantities of the toxin than those isolafed from wheat and
barley, which in turn produced more than those isolated from sorghum. Other studies (235) using
F. moniliforme stains isolated from maize revealed that while these strains grew well in culture on
wheat, barley and maize, it was only possible to demonstrate mycotoxm production, when the

strains WwEere growrn on maize,

Wheat

At an agronomic level, cultivar has long been shown to play an important role. For example in a
study published by Clear and Patrick (93), the lowest frequency of Fusarium spp. in wheat was
found in the Canadian Western Red Spring class of wheats, and the highest in the Canadian Western
Amber Durum class. The additional sensitivity of some varieties of Durum wheat has also been seen
in Europe. Cvirn et al., (102), based in Austria, noted that durum wheat (Triticum durum) was more
susceptible to deoxynivalenol contamination than standard wheat (7Triticum aestivi).

Studies in Germany (43, 218, 218) and Switzerland (185) have provided some evidence to correlate
cultivar with mycotoxin production. In the Swiss study (185), it was observed in field trials with F.
culmorum and F. graminearum that deoxynivalenol concentrations tended to be higher in late as
opposed to early varieties of wheat. In addition, studies with varieties used in Argentina (226)
suggest that one of the routes that cultivar affects susceptibility to Fusarium spp. disease may be in
respect of the way a particular cultivar responds to particular environmental phenomena. Pan-
European ring trials with winter wheat varieties performed by Ruckenbauer ef al (322) in the UK,
the Netherlands, Austria and Germany and using experimental inoculations with Fusarium spp. (e.g.
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F. culmorum) have shown considerable cultivar variation in terms of disease susceptibility and the
amount of mycotoxin (deoxynivalenol) produced. Interestingly, while geographic differences in the
incidence of disease and levels of deoxynivalenol were seen, the over overall ranking of the varieties

was consistent over the four locations.

Given the commercial importance of Fusarium spp. linked diseases, much attention has been paid
to the breeding of resistant wheat strains both at fundamental genetic (185, 254) and traditional
breeding (110, 185) levels. Technigues have been developed to help plant breeders to screen early
on in the breeding process for Fusarium spp. resistant varieties (114, 180, 248, 250, 251, 258,.365)
and can include screening for increased resistance to deoxynivalenol (399). The relative success of
breeding programmes has been limited due to difficulties in understanding the genetics of resistance
(389). However, thére has been some success in determining the location of some of the genes
involved in resistance to Fusarium spp. infection in spring (350) and winter (175) wheats.
Additionally there has been progress in gaining some insight into the genetics of resistance at a
molecular level (29, 268). The use of these and other conventional breeding programmes have led
to some progress not only towards developing Fusarium spp. resistant crops (9, 31, 154) but also

- in identifying resistant wheat varieties which do not appear to promote deoxynivalenol accumulation

(30). Modemn developments in molecular biology have also been used to produce transgenic crops

- containing’ genes from qther cereal species, e.g. rice (86, 268) which confer increased resistance to

Fusarium spp. linked infection.

It has been observed that in some cases Fusarium spp. mycotoxins are also toxic to some plants (1,
3, 27). Earlier, Chelkowski and Manka, (83) had noted that in the case of zearalenone contamination
effected by F. culmorum, the more pathogenic the fungi, the more toxin produced. Studies looking
at the molecular mechanisms of resistance, such as those by Miller et al (263) and Savard (327)
have demonstrated that resistance to the pathogenic effects of experimental infection with some
Fusarium spp. can sometimes be linked with mechanisms that either prevent synthesis and/or
promote degradation of deoxynivalenol. Recent work (312) has shown that genetic manipulation,
leading to the disruption of the trichothecene biosynthetic pathway can lead to reduced virulence
in G zeae. Additional mechanisms of resistance have also been identified with respect to
deoxynivalenol, and include cultivars that produce an altered peptidy! transferase, resistant to the
toxic effects of deoxynivalenol (262, 327).

Other defence mechanisms against Fusarium spp. include the possession of antifungal properties
(70, 119). However, it is clear that mycotoxin (deoxynivalenol) toxicity is not the only route by
which Fusarium spp. exerts its pathogenic effects on plants. Experimental work by Procter et al.
(311) and Arsenuik (25) suggests that generally the system regulating deoxynivalenol accumulation
is different to that eliciting the disease symptoms.

Barley

Experimental studies by Chelkowski's group (6, 85), investigating the susceptibility of barley double
haploids to Fusarium headblight using both double and six-rowed varieties, and Evans et al. (136)
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in commercial varieties, have demonstrated that variety itself can be a contributory factor in the
incidence of mycotoxin (deoxynivalenol) contamination. One confounding factor in developing
resistant strains is that performance is strongly influenced by the environmental conditions in the

year the crop is harvested (136).

Breeding programmes to improve resistance against Fusarium linked diseases with barley have also
proved difficult (107). Methods for screening new varieties more resistant to Fusarium spp.
infection have been described (364) and quantitative trait loci (QTL) associated with disease
resistance and resistance to deoxynivalenol accumulation have been identified (107, 230, 404). One
possible factor influencing the development of Fusarium spp. infection is the amount of flavonoid
synthesis in the testa. Skadhauge et al. (351) observed that mutations in the flavonoid biosynthetic
pathway had the potential to either enhance or diminish the ability of the fungus to successfiilly
infect the kertiél. In the latter case this appeared to be related to the ability of a particular mutant to -
accumulate small amounts of dihydroquercetin. The authors however presented no data on the

consequences that this had on rnycotoxm producnon

_ Maize

" Cultivar plays an important role in the susceptibility of maize to £ usarium spp. linked diseases. Late

developing varieties, whose moisture content reduces to below 30% relatively slowly, are the most
susceptible to F. graminearum infection (231). These varieties may. give higher yields or permit
their cultivation in more northern latitudes; however, the increased risk of adverse summer or
autumn conditions may also encourage higher incidences of fungal infection and consequent
elevated levels of mycotoxin contamination (52). F. graminearum infection is also thought to be
favoured in hybrids which produce upright ears and tight husks (132). Hybrids with a greater risk
of kernel splitting also appear to an increased risk of disease (286). Variety may also dictate in part
the ability of Fusarium spp. to survive in store after harvest. Orsi er al (289) observed that post-

harvest production of fumonisins was lower in some hybrids compared to others.

Strategies for developing resistant varieties have recently been discussed by Duvik (124) and more
specifically regarding mycotoxin production by Miller (261). Breeding resistant varieties of maize
has been a principal means of reducing Fusarium spp. based infection (106, 108, 146, 161, 162, 176,
202, 252). Methods for screening resistant hybrids have been described (293) and QTL's for
resistance to infection have been mapped (298). In some cases, the mechanism of resistance is
through the plant producing antifungal agents which can either be relatively small (approximately
4kDalton) peptides (127) or specific enzymes {(e.g. chitinase) (173). Another route is to breed
hybrids with increased resistance to husk splitting. This, together with intra-ear thirps infestation
has been identified as a factor which contributes to the incidence of Fusarium induced disease in

maize (391).

A second approach has been to develop maize varieties more resistant to the mycotoxins, in
particular fumonisins. Doko et al. (117), looked at the natural fumonisin contamination of maize
grown in a number of European and African countries. They observed that there was a trend towards
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higher contamination in maize genotypes with higher FAO maturity class or dent type endosperm.
Breeding varieties, which are not only disease resistant, but also give reduced risk of substantial
mycotoxin contamination, has proved more difficult. For example in one study (294) only one out
of fourteen hybrids studied exhibited all of the desired characteristics. More recently, possible
strategies for breeding maize with reduced risk of fumonisin contamination have also been
described (125). These involve the use of molecular biology and genetic manipulation (GM).
Among such approaches proposed is the cloning of genes expressing fumonisin degrading enzymes

from other sources into maize (126).

Physical damage to the developing maize crop has also been shown to promote fungal infection.
Early studies (360) have shown that transmission of F. graminearum in maize could be increased
_as a consequence of physical damage, mediated by either birds or insects. They further demonstrated
.a positive correlation between the amount of bird damage -and the'level of zearalenone
- contamination. Gilbertson ef al. (150) observed hxgher levels of fungal infection i in crops infested
* with the western corn rootworm beetle (Diabrotica virgifera) than those which were not. They also

demonstrated that the beetle was a vector for F. moniliforme and F. subglutinans infection. Other”

studies (221) have shown a positive correlation between the incidence of European core borer
damage and F. moniliforme disease, together with fumonisin contamination., Development of
genetically modified (GM) maize vari€ties which are more resistant to insect damiage (e.g. those
' producing the Bacillus thurzngzenszs Cry IA(b) gene product) have also been observed, in some
" cases, not only to be more resistant to Fusarium spp. infection (120, 275) but also, on occasions to
exhibit less fumonisin contamination (120, 274). In one case (34), it was reported that the fungal
biomass recovered from transgenic maize crops was 4-18x lower than in conventional crops. This
was accompanied by an order of magnitude reduction in the levels of fumonisin B, contamination.

1.2.3 Seed Treatment.

The use of bacterial control agents as seed dressings has been shown to have potential benefit in
preventing Fusarium spp. infections. Pre-treatment of seeds with various microbiological
preparations has been shown to significantly reduce disease caused by Fusarium spp. Examples
include Erwinia herbicola against F. culmorum (194) and E. herbicola together with Pseudomonas
syringiae against F. nivale (7) - all in wheat. Other examples include: Enterobacter cloacae (167)
against F. monoliforme in maize; Gliocladium roseum against F. culmorum in wheat and barley
(200), Streptomyces griseoviridis in barley and spring wheat, naturally infected with Fusarium spp.
(363), Clonostachys rosea against F. culmorum (186) and attenvated Fusarium spp. strains against

F. ctlmorum in wheat (304).

Attempts have also been made to develop chemical treatments. Early studies with maize (217)
showed that fungicide (furadan, captan and benlate) pre-treatment of seed failed to have any effect
in the control of ear rot. However, pre-treatment of seed with certain chemical pesticides in wheat
and barley, e.g. maneb, carbathiin and triadimenol (76) or thiabendazole (188), can afford some
protection against F. graminearum infection. Interactions between treatments and subsequent
Fusarium spp. infection may be more indirect. For example, failure to dress seed to prevent 'Bunt
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Smut' caused by Tilletia caries was observed to lead to an increased incidence of this disease,
followed by increased infection by Fusarium spp. (388). However, the relevance of this to
mycotoxin production in the grain is uncertain. As discussed in Part A section 3.2.1, the mechanism
for infection relating to mycotoxin production appears to be by a splash mechanism, rather than
direct infection through the seed. There may, however, be an indirect benefit in that reduced root

.infection contributes to the general vigour of the plant, rendering it more resistant to Fusarium ear

blight (see also Part A section 2.1 and section 1.3 below).

1.3 Crop Development & Maturity (Stages 3 & 4)

13.1 Climate

. Chmate plays a key role in the 1nc:1dence of mycotoxm contammatmn through its effects in three

areas:

« (Composition of natural mycoﬂora and its cyclical development -through the seasons
- (Mycoflora);
e Capacity of the mould to successfully mfect the crop (Infection);
Ability of the infective 1noculum to grow and eventually produce mycotoxins (Mycotoxin

Productlon) ' -

As will be discussed below, climate has been identified as a factor that contributes to determining
the make up of the soil mycoflora and hence the composition of the Fusarium spp. based soil
population. Climate makes a significant contribution to the occurrence of mycotoxins in grain. Lew
(220) has observed that in central Europe, where grain (with the exception of maize) is usually
harvested at moisture contents less than 16%, field mycotoxins, in particular those produced by
Fusarium spp. are of greater relevance than storage mycotoxins (e.g. ochratoxin A).

Mycoflora

The geographical variation in the incidence of Fusarium spp. has already been broadly discussed
in Part A, section 2.1 and section 1.1.1 of this section. What follows, addresses in more detail the

role of climatic factors themselves.

Studies in Australia (64) looking at F. crookwellense demonstrated the significance of climatic zone
by showing that the fungus was generally more abundant in temperate areas experiencing high
rainfall or in irrigated areas. Another factor to be considered is the season of the year. It has been
shown both in the UK (40) and Egypt (271) that the Fusarium spp. population varies with the time
of year. In the UK it was observed that the greatest preponderance was in July, as opposed to
February or April (40). Atypical climatic conditions can also contribute to sudden changes in the
mycoflora. For example Perkowski e al. (301) observed that following a long snowy winter, F.
avenaceum was replaced by M nivale as the dominant species in head-blight infected crops of

Client Ref. C03009

Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004



Page 23 of 61

triticale. Similarly, work in China (138) has shown marked differences in contamination with
deoxynivalenol and zearalenone between the 1998 and 1999 harvests. These differences were
attributable to a combination of unusual winter weather which permitted larger numbers of

Fusarium spp. to survive, followed by heavy rains during anthesis.

As already discussed above, climate may also be a factor contributing to the diversity and numbers
of species occurring. Experimental work (325) has demonstrated that that the propagule density and
infectivity of certain Fusarium spp. is a function of temperature. High soil temperatures (25-30°C)
favoured F. solani and F. compactum, lower soil temperatures (13-18°C) favoured F. torulosum.
Temperature did not appear to affect the viability and infectivity of F. equiseti. Work by another
group (59), compared the pathogenicity of . graminearum and F. crookwellense in wheat. They
showed that although the route of infection was the same for both species, F. graminearum was
more pathogenic at higher temperatures (22-24.6°C) than F. crookwellense, with the later e‘<h1b1t1ng

. greater pathogemmty at. 1ower temperatures (13. 8°C)

Infection

The mechanism by which infection takes place and the general chmatlc conditions necessary for
successful establishment of the mould has been discussed previously (see Part A, section 3.2 1.
There is evidence to indicate that wheat seedlings when placed under drought-induced stress are
more prone to infection and the development of both root (47) and ear diseases (69). Manacmrr the
risk of drought is therefore important. Early studies in the USA (356) reported that ear blight was
most common in irrigated as opposed to dry-land fields. However, Mihuta-Grimm and Forster (259)
reported on an outbreak of Fusarium spp. induced ear-blight in wheat and barley following
prolonged rainy and cloudy weather in normally semi-arid areas of Idaho. This epidemic was
associated with farms where sprinkler as opposed to rill irrigation was used. Since high moisture
at anthesis plays a key role in infection (see Part A, section 3.2.1), it has been recommended (52)
that irrigation should not coincide with heading and anthesis. However, it should be noted that
climatic extremes of any nature can have a deleterious effect and promote mycotoxin accumulation.
An example of this being the elevated occurrence of deoxynivalenol in US cereal-based foods
produced in 1989, following a major drought while the crop was being cultivated (4).

There is thus a clear linkage between climate, Fusarium spp. infection and subsequent mycotoxin
production. While computer models have been developed using climatic variables as predictors of
Fusarium spp. disease for particular areas (270), the utility of weather reports for particular growing
areas as an aid to predict whether in-field mycotoxin contamination has occurred is at best an

imprecise science (171).
Mycotoxin Production

The role of climate in the development of Fusarium-linked mycotoxins is complicated by the
interdependence of three factors: climate; causative organism and crop. In the case of small grain
cereals (e.g. wheat and barley), contamination with the trichothecenes such as deoxynivalenol
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occurs following the growth of (principally) F. graminearum and F. culmorum during prolonged
cool, wet growing and harvest seasons (306). Langseth ef al. (209) looking at the incidence of
deoxynivalenol in oats crops harvested over the five year period in different parts of Norway,
determined that while rainfall was a significant risk factor with regards to deoxynivalenol
contamination, moisture content at harvest was not. A more detailed analysis (208) determined a
positive statistical correlation between rainfall in July (when anthesis takes place) and leveis of
subsequent deoxynivalenol contamination. Early studies looking at zearalenone contamination of
maize by F. graminearum in Canada (359), showed that the incidence of zearalenone contaminated
maize significantly correlated with rainfall during August, probably because rainfall promoted
epidemic development of the infecting mycotoxigenic fungi.

Wheat & Barley

By the time the crop has reached maturity, the moisture content of the kernel is usually sufficiently
low not to favour further mycotoxin production. Studies such as those of Prom et al. (314) with
barley, have shown that Fusarium activity (both in terms of disease and mycotoxin (deoxynivalenol)
production) takes place during the early stages of grain development. However, exceptions have
been noted. Workers in Russia (205) have observed reactivation of F. graminegrum due to
précipitation during harvest accompanied by production of deoxynivalenol. Researchers in Norway
(212) have demonstrated that, where kernel moisture is high, mycotoxin production can continue
post-harvest until the grain is.adequately dried. Experimental field studies by the same group (211)
with barley and oats, have shown that the deoxynivalenol contamination of grain at Harvest was
influenced in descending order by: lodging, cultivar, experimental field, year and time of harvest.

Over-wintering of grain, iri areas where weather (or other circumstances) does not permit an autumn
harvest, also has a contributory role. Over-wintering was the cause of an outbreak of alimentary
toxic aleukia of epidemic proportions in Western Siberia during the second World War. It was
caused principally by the toxic metabolites of F. sporotrichioides and F. poae, following a mild
winter with heavy snow, accompanied by a subsequent spring characterised by repeated freezing and
thawing (378). More recently Langseth ef al (210) observed that concentrations of deoxynivalenol
in grain were quantitatively lower and that F. avenaceum was more common in over-wintered crops
as opposed to crops harvested in autumn. Paradoxically, preparations from over-wintered crops were
more cytotoxic in in vifro tests. There was a positive correlation between the incidence of F.

avenaceum and cytotoxicity.

Maize

As with the small grain crops, climate can directly influence the composition of the mycoflora
present on the maize kernel and its consequences for mycotoxin production. Reid et al. (318)
working in Canada and looking at maize harvests over a 4 year period, concluded that temperature
and rainfall during July and August were key factors in the incidence and levels of deoxynivalenol
contamination. Subsequent work (317) looked at the interaction between F. graminearum and F.
moniliforme in artificially inoculated maize. They found that fumonisin B, production by F.

Client Ref. C03008
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004



Page 25 of 61

moniliforme did not differ if using a single or mixed inoculation. They also observed that silk
temperatures favoured the growth of F. moniliforme. This was attributed to the observation that
whereas F. graminearum was able to grow well between 26 to 28°C, F. moniliforme grew well over
a wider range of temperatures. Fumonisin production also appears to be related to the degree of
stress. Production of fumonisins by F. moniliforme and F. proliferatum in maize appears to be
promoted by stress induced by heat or drought (346). :

As the maize kernels develop, their moisture content decreases from about 80% to between 15 and
30%. Mould growth is favoured by moisture contents in excess of 30%; however, it can occur to
a limited extent at moisture contents as low as 20% in ears on the cob (52). Studies in Argentine
maize (91), looking at thé ripening cob from 45 days after flowering, found that fumonisin
production only took place over 60 days after flowering. Laboratory studies in the USA (392)
suggest that the growth phase of the Kernel may also play role, by virtue of the amount and types of
nutrient available. Evidence for this was the observation of a transition in the Fusarium: Spp-
population with time, with the non-toxin producing F. subglutans being replaced by toxigenic F.
moniliforme and F. proliferatum strains. Other studies in Canada (402) looking at experimental
infection of maize ears with F. graminearum, revealed that while deoxynivalenol concentrations
rose to a peak after about 6 weeks, zearalenone was only recorded near harvest time. A subsequent
study (276) suggested that production of this mycotoxin takes place late i in the growth phase of the
mould, which is typical for secondary metabolites _

1.3.2. Crop Treatments

Various factors contribute to the risk of Fusarium spp. infection and subsequent mycotoxin
production. One such example is the plant's disease status. For example Koch and Huth (201)
demonstrated that infection with barley yellow dwarf virus could increase the sensitivity of wheat
to successful F. culmorum infection. In order to help maintain a healthy crop therefore, one or a
combination of five groups of compounds (fertilisers, growth modifiers, fungicides, herbicides and
insecticides) might have be administered to it during its growth and development. Administration
of these compounds can influence not only the plant's development but also the ability of the mould

to develop and produce mycotoxins.
Fungicides

Evidence that pesticides, in particular fungicides, have an effect on Fusarium spp. infection and
mycotoxin production is confusing. One group working with malting barley has even reported that
pesticide treatment regimes had no significant effect on the composition of the mycoflora present
on the kernel (12). Even when optimally applied, fungicides appear to be only 60-70% effective in

controlling Fusarium ear blight (183).

Despite the confusion in the literature, fungicides probably have the most direct effect. Choice of
fungicide is important not only in terms of the compound's action against Fusarium spp. (discussed
below), but also against other fungal species with which the Fusarium strains must compete to
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establish themselves within the local environment. For example, Arseniuk et ol. (26) noted that
foliar fungicides developed for Stagnospora nodorum infections in wheat were not effective against
Fusarium spp. and could even enhance infestation by this group of fungi. In terms of Fusarium ear
blight, timing of application (137, 172) is also important for successful control (discussed further

below).

A number of fungicides, for example tebuconazole, have been shown to be efficient in the
management of Fusarium spp. mediated plant diseases (137, 387). While tebuconazole has been
shown to be effective against members of the Fusarium genus, it is ineffective against M. nivale
(184). In contrast use of strobilurin based fungicides controls M. nivale but not Fusarium spp. (349).
With regard to mycotoxin production the situation is more complex. It has been noted that
application of some fungicides (including tebuconazole) can actually stimulate increased toxin
production for example nivaleno! production by F: culmorum in wheat (145). Studies with winter
wheat (62, 87) incubated with F. graminearum have demonstrated that while- fungmldes such as
triadimefon hot only suppress pathogen growth but also deoxynivalenol production, application of
tebuconazole led to increased contdmination with the mycotoxin 3-acetyldeoxynivalenol. The
situation regarding tebuconazole. is made even more complicated in the light of the work by a
number of other workers (168, 189) who have reported tebuconazole to be an effectlve inhibitor of
both . culmorum pathogenesis and deo*{ymvalenol contamination in wheat,

Other field studies (349) found that while tebuconazole was_efﬁcient against a number of Fusarium
spp, treatment with azoxystrobulin appeared to promote deoxynivalenol production in wheat,
despite no increase in the amount of F. culmorum present in the crop. This may in part have been
due to a selective action against the non-toxic mould Microdochium nivale which also induces
symptoms similar to Fusarium ear blight. Work with barley (189) identified the fungicide
Fludioxonil as having the potential to not only reduce disease but also the severity of deoxynivalenol

contamination.

In common with other biological contaminants, strains of Fusarium spp. arise which are insensitive
to fungicides. This may have an impact on the risk of mycotoxin production. For example D'Mello
et al (105) identified a difenoconazole insensitive strain of F. culmorum, which produced 3-
acetyldeoxynivalenol on exposure to this fungicide. Subsequent work (104) demonstrated that the
fungicide induced biosynthetic enzymes involved in the production of the mycotoxin. In the light
of this work, a recent review (103) questioned the overall efficacy of fungicide use as a2 means of

controiling mycotoxin contamination.

The key elements in the use of fungicides to manage mycotoxin contamination revolve around both
the timing in relation to anthesis and the rate of application. As discussed previously (Part A section
3.2.1) the window for successful infection is relatively short. Experimental studies (168, 243) have
shown that the closer application of fungicides after infection the more effective the treatment. The
optimum time for application being approximately two days after infection (243). Others (264) have
shown that the most effective control was effected when the fungicide was applied at mid-anthesis.
As well as when the fungicide is applied there is also the question of how much. Studies (23, 244)
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have shown that application below recommended rates can promote mycotoxin (deoxynivalenol)
production. Guidelines (23) for the use of foliar fungicides in the management of mycotoxins have
been published and include the following recommendations:

o Immediate preparation of fungicide spray if the weather is wet at anthesis;
e The use of mixtures of fungicides to ensure a broad spectrum effect to include

mycotoxigenic species;
e Application in accordance with manufacturers' specifications and not at reduced doses;

e Spray as soon as possible after infection (or not at all).

Herbicides and Fertilizers

* A second factor to consider is the chemical management of the crop itsel, in particular the use of |

. other pesticides and fertilisers. Ruppel et al. (323) examined the effect of various herbicides

(cyanazine, desmedipham, dicamba, EPTC, ethofumesate, pendirmethalin, phenmedipham, trifluralin | |

and 2,4-D amine) on the soil mycoflora of a barley-maize-pinto bean-sugar-beet cropping system.
They found that neither the type nor quantity of herbicide used affected populations of a number of
fungal generas, including Fusarium. With regard to fertilisers, although studies in North America
(367) have failed to show a relationship between nitrogen treatments and mycotoxin contamination,

European $tudies (130) have. In the latter case, delayed initial and/or supplemental nitrogen -
applications predisposed plants to infection by fungi causing ear blight.-Other studies (211) have -

shown that lodging was a key risk factor in mycotoxin contamination. Application of growth
modulators to reduce risk of lodging might therefore contribute to reduced risk of contamination.

Insecticides

Insecticide treatments may be of relevance to both wheat and barley. Reference has already been
made to the contributory effect made by insect and bird damage to Fusarium spp. infection of maize
(Part A, section 2.1; Part B, section 1.2.2). Diehl and Fehrmann (115) observed that the damage
accompanying aphid attack during anthesis led to increased severity of attack by Fusarium spp.
Dowd et al have shown both experimentally (121) and using aerial spraying (122) that treatment of
maize with the insecticide malathion not only effects insect control but also indirectly brings about
a reduction in contamination by mycotoxigenic fungi. Insecticides can, however, directly inhibit
mycotoxin production. Beresford and Ayres (49) have demonstrated that the insecticide naled could
inhibit zearalenone production by F. graminearum in culture. Subsequently, it has been shown that
fonophos, carbaryl and maneb all inhibited zearalenone production by F. graminearum on maize
both in vitro and also in field trials, if the insecticide was applied after silking (123)

Organic (Eco) Farming

Products grown under organic farming conditions are experiencing increased consumer demand.
Work (131) characterising the mycoflora of fields either in transition for use in producing organic
products or already used for organic crops have shown differences between these and more intensive
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systems. Fields in transition to organic status were observed to have a compositionally far more
diverse Fusarium spp. flora. Early studies performed in Germany (240) looking at rye and wheat
grown under conventional and alternative/organic conditions found that on average, deoxynivalenol
and zearalenone concentrations were higher in organically grown wheat and rye compared with the
conventionally grown crops. Subsequent work (28) analysed the microbiological and
mycotoxicological (deoxynivalenol and ochratoxin A) quality of organic winter wheat, grown over
three seasons. At harvest or during storage, no ochratoxin A was found, although deoxynivalenol
was, albeit at levels below current guideline limits. In contrast, more recent work from Germany
(329) suggests that levels of deoxynivalenol contamination in conventionally grown wheat were

greater than those found in organic crops.

2.0 HARVEST TO FARM-OR THIRD-PARTY FINISHED GRAIN STORES (STEPS 5 TO 10;
W8 &W9; T10 TO T13) . . _

This section is concerned with the flow of grain from harvest until it is stored ready for sale. Storage
can either be. on farm or effected by a third party.

2.1 Harvest (Stage 5)

&

too low to enable Fusarium spp. to either grow or produce mycotoxins. However, under certain
circumstances the potential remains for post-harvest mycotoxin synthesis, for example the
production of zearalenone produced in harvested wheat, which had not been combined (204) and
deoxynivalenol production following heavy rains at harvest time (205). Given that the productivity
of any chemical reaction is a function of time, temperature and moisture, it is logical to expect that,
in the case of wet-harvested grain, the faster at-risk grain is transferred to the dryer, the lower the
risk of contamination. This topic is discussed further under 2.3 (Storage).

One of the problems identified with storage of mycotoxins (e.g. the aflatoxins and ochratoxin A)
is that one is unable to correlate the level of mycotoxin contamination with either the amount of
fungal biomass present nor observed defects in the crop. Whether the same applies for Fusarium
spp. toxins is the matter of some debate. Some studies have shown strong correlations between
wheat ear blight damage and the presence of mycotoxin (300, 377, 384). In contrast, Liu et al. (224)
found significant correlations between the degree of experimental infection with deoxyntvalenol
contamination, but not between field ear blight assessments and mycotoxin contamination. A more
recent study (25) has shown that a better statistical correlation exists between the number of visually
'scabby’ kernels and the level of deoxynivalenol contamination than with either grain density or
thousand grain weight measurements. The authors sounded a note of caution, in that it is still
possible to detect significant amounts of mycotoxin contamination in grain that apparently meets
its harvest potential. Others (129) have failed to observe any correlation between visual assessments
of Fusarium ear blight disease and levels of tricothecene contamination in winter wheat.
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In the case of barley, less information is available. Abramson et al. (5), investigating an outbreak
of Fusarium ear blight in barley grown in Manitoba during 1993 & 1954 observed poor correlation
between head blight damage and trichothecene contamination, They also stated that, in the case of
deoxynivalenol, an enzyme based immunoassay may be an appropriate method for screening suspect
batches of harvested grain. This recommendation did not, however, extend to 3- and 15-
acetyldeoxynivalenol. Similar observations showing poor correlations between grain attributes and
mycotoxin contamination in barley were made by Jones and Mirocha (190) working in Minnesota.
In contrast, Schwarz et al. (332) looking at Fusarium spp. infected barley harvested in the midwest
of the USA, observed that there was a correlation between deoxynivalenol contamination and -grain
weight (but no other quality marker). Similarly studies in Europe by Perkowski and co-workers,
_ working with experimentally infected barley yielded mixed results. Field studies with spring barley
(302) experimentally infected with F. culmorur demonstrated a relationship between a reduction
in yield and toxin production with one particular strain. Other work by this group (303) using F.
graminearum failed to show' any correlation in experimentally infected (F.- culmorum or F.
graminearum) barley. However it was subsequently reported (299) that between 77 and 94% of the
contamination by deoxynivalenol produced by these fungi were associated with small grams (<

2.5mm d1ameter)

With regard to maize, distribution of contamination may not only vary from pEant to plant but also

~within the cob. Studies of an epidemic of F. graminearum infection of maize in Maryland, USA

(393) demonstrated that is possible for apparently non-infected kernels, showing ne evidence of
deoxynivalenol contamination, to co-exist in the same cob with obviously infected ones, which were
contaminated with the mycotoxin. Desjardins ef af. (111), studying fumonisin production in maize
ears experimentally infected with F. moniliforme, observed that ‘while both symptomatic and
symptom free kernels were colonised by the fungus, the highest levels of toxin contamination were

observed in symptomatic kernels.

2.2 On Site (Farm or Third Party) Transport (Stages, 6, 8, W9 & T12)

Vehicles and trailers used for the transportation of grain aeed to be of an appropriate hygienic
standard. Cleaning regimes and accepted practices have been set out in documents issued by third-
party accreditation schemes at either a trade level as in the UK (19) or a legislative one, as in the
case of the Netherlands (313). While strictly not part of the remit of this project, it is worth noting
that recent work (38) has shown that grain contamination with P. verrucosum appears to be
attributable to contamination in the combine, trailers and store. The source of the inoculum being
residues which had not been removed during cleaning operations.

As well as ensuring the hygienic status of the combines and trailers, a key factor is ensuring that wet
crop is transferred to the dryer as quickly as possible. Workers in Brazil (288) have shown that even
short delays in drying can lead to 10-fold increases in harvest levels of fumonisin contamination.
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2.3 On Farm/3rd Party Storage (Buffer & Finished Grain Farm Storage, Stages, 7,9, T10, & T13)

Once the grain is harvested and goes into storage, it is known that the predominant grain mycoflora
changes with a shift from the ‘field' mycoflora such as Fusarium spp. to 'storage’ mycoflora such as
Penicillium spp. (147). A number of groups have reported on the absence of Fusarium spp.
mycotoxin production in stored grain. Etchevers et al. (134), studying malting barley observed that
field fungi (e.g. Fusarium spp.) were not viable for more than a few (fifteen) weeks when stored at
low (14%) moisture contents. Beattie ef al (42), again working with malting barley, have reported
no changes in deoxynivalenol concentrations in earblight-infected malting barley. Experiments by
Lund et al., (228) observed Fusarium spp. growth in stored grain was only promoted at grain
moisture contents greater than 26%. In the case of wheat and barley, as the grain ripens, it gradually
becomes dryer and eventually, by the time of harvest, the grain water activity is usually too low to
sustain Fusarium spp. activity. Earlier work, in natirally infected wheat (344) actually observed a -

decline in the concentration of deoxynivalenol as the grain ripened.

The factors that need to be addreésed at this stage of the product flow are:

. Physzologzcal those which directly affect fungal metabolism (tlme temperature mmsture

" and use of modified storage conditions),
*  Quality, those which can lead to an increase in mycotoxin loading either as a consequenca
© * of further promofing fungal metabolism or through Cross contamination between wholesome

" and confaminated grain.
e Adpplication, of scientific and technological information to current commercial practices to

provide maximum assurance against mycotoxin production.

2.3.1 thsi_ological Factors (temperature, moisture and modified storage conditions)

As will be discussed further under 2.4 (Grain Drying) a key challenge is to reduce and maintain the
grain moisture, and hence water activity, to a level that does not does permit fungal metabolism (see
also Part A, section 3.1). Thus while post-harvest grain moisture contents have been considered
critical for the, 'storage’ mycotoxins (e.g. ochratoxin A and aflatoxin By), less emphasis appears to
have been placed on the moisture conditions required for the production of 'field’ mycotoxins such
as those produced by Fusarium spp. This applies particularly where moisture content is not so well
managed, for example grain produced for feeding to livestock on farm. Early studies (156) using
field-inoculated barley with F. culmorum demonstrated that zeralenone contamination did not arise
until after prolonged storage at 34% moisture. It has been suggested that livestock intoxication by
zeralenone contaminated maize may also reflect improper storage conditions rather than pre-harvest
events (394). Toxin contamination in maize appears to be more common in wet malze cobs stored

in cribs over winter (394).

Early experimental studies (348) investigating the growth of Fusarium spp. and production of
zeralenone in stored grain (maize, wheat, barley or oats), reported that all grains were susceptible to
invasion by Fusarium spp. at moisture contents above 18%, even when stored at 7 °C. The risk of
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zeralenone contamination in grain held at between 15 and 18% moisture increased as a function of
temperature. Maximum zeralenone yields (500-1000 pg/kg) were obtained in cultures stored at 12
and 18 °C even though mycelial growth had been reduced. Under conditions where fungal growth
was optimised, zeralenone yields were considerably reduced (approximately 100 pg/kg). More
recently, studies in Brazil have shown that Fusarium spp. can persist in parcels of maize, dried to
average moisture contents of 11 - 14% over a 12 month storage time. However, no additional
fumonisin production was observed while the crop was stored. Subsequently others have reported
similar findings in other cereals. Both Birzele ef a/. (53) and Hormdork (169) have reported increased
levels of deoxynivalenol with storage in German wheat samples. In the case of Birzele's studies this
was accompanied by a progressive reduction in the Fusarium spp. population. Studies in Russia (14)
have demonstrated deoxynivalenol production in wheat stored at 20°C after 2-3 days when the

moisture content was 20-25% and 7-10 days when moisture contents were in the range 16.5-18%.

The problem is particularly acute when the grain is harvested at high moisture contents that permit
continued mycotoxin production (e.g. in the case of wheat and barley in the Nordic countries, 212).
Post-harvest activities which lead to delays in achieving relatively low moisture contents can also
promote Fusarium spp. mycotoxin production. L'vova ef al., (204) reported zearalenone production
in wheat infected with F. graminearum either left in swathes or on the threshing floor. In the case

of maize, Ono et al (288) have reported that even short delays in the drying of freshly harvested wet .

maize can lead to 10-fold increases in fumonisin contamination. Other studies (289) have reported
high numbers-of Fusauum spp. surviving'in maize after 5 months in storage. This is further
cornpounded by the fact that grain moisture distribution within a bulk is heterogeneous (89).
Farmers and other grain handlers often rely on average moisture contents and ignore the authors’
observation (89) that it is the highest moisture content within the parcel which determines mould

growth.

Where it is necessary to store grain with relatively high moisture contents for prolonged periods
(this applies mainly to cereals intended for animal feed) other strategies need to be applied. This can
involve either modifying the environment to suppress fungal activity or the addition of agents which
inhibit fungal metabolism. In terms of environment modification, the most commonly used approach
is to ensile the crop. Use of silage techniques makes the environment anaerobic and prevents the
aerobic Fusarium spp. from producing mycotoxins such as zearalenone (it does not however lead
to the degradation of the mycotoxin). However, where anaerobic conditions are compromised, for
example due to air leaks, fungal activity can resume (347) and mycotoxin production can occur as
in the case of zearalenone production within ensiled maize (133)

The use of chemical preservatives for stored grain began in the late 1960's with the use of propionic
acid (326). Generally speaking, it is either applied in a pure form or in a mixture with other organic
preservatives (e.g. acetic acid, isobutyric acid or formaldehyde). Typically the acid is sprayed onto
the grain in an auger and the grain transferred to storage bins. Commuon rates of application range
from 0.3-0.6% for grain at a moisture content of 18% to 0.8-1.2% for grain at 30% moisture.
Treatment with organic acids reduces seed viability and can give rise to taint. Consequently it is
usually only applied to grain intended for on-farm use (326). Attention has been paid to the effect
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such treatments can have on the survival of Fusarium species and on mycotoxin production. Early
studies (347) looking at barley, wheat and oats showed inhibition of toxigenic strains of Fusarium
at 2 000 ppm propionic acid. Other organic acids (formic, acetic and butyric) were effective, albeit
at much higher concentrations. Storage conditions are a critical factor contributing the efficacy of
preservatives. Mueller and Thaler (272) observed that when stored in bins; treated maize would
remain free of fungal growth for up to one year. In contrast, in grain stored in piles, mould
development was seen after six months of storage. More recent laboratory studies by Marin et al.

(233, 237) observed that propionic acid could inhibit fumonisin B; production by some species of
Fusarium but not by others. Use of the preservative did not appear to enhance fumonisin production.
Paster ef al. (295, 296) have demonstrated that that the efficacy of propionate treatment can be
further enhanced through synergistic effects with other treatments such as irradiation, co-addition
of nisin and storage under high carbon dioxide partial pressures. :

The potential of other compounds has also been investigated, Studies with sorb1c acid (41) showed
that T-2 toxin production by F. acuminatum increased when the mould was grown on maize meal .
containing between 0.025-0.05% sorbic acid. Thompson (369) has reported that a number of food

grade phenolic preservatives (e.g. benzoic acid) are effective inhibitors of Fusarium spp. growth.

‘2.3.2 "Quality Factors '

Management practices for grain coming into store need to address two key factors:

» . Segregation of at-risk material (either showing signs of Fusarium infection or at a critical
moisture content) from wholesome grain, suitable for immediate storage. If necessary these
should include procedures for the removal of grain showing evidence of Fusarium infection;

e Maintenance and monitoring of the storage environment to ensure that mycotoxin

production does not occur..-

Segregation requires assessments to be made at the point of entry to the store. Two parameters need
to be considered; grain moisture and the amount of Fusarium ear blight damage in the batch of
grain. The latter is probably the most commerecially challenging and has yet to be fully addressed.

In the case of freshly harvested grain, a decision will need to be made as to whether the crop needs
to be dried (see, 2.4 below) or whether it can be transferred directly to the finished grain store. Since
the beginning of the century, control of grain moisture in storage has been identified as a critical
factor in spoilage prevention (89). Storage practices can lead to temperature differentials and
moisture migration due to convection. This leads to areas of high moisture content, as too can
blending of grain with different moisture contents to obtain satisfactory average moisture content
(89). Temperature/moisture interactions can also have more subtle effects. Grain metabolism of
carbohydrates leads to the generation of moisture and heat. Below 15% moisture and 15°C, little
activity is seen. Above 16% moisture, enzyme activity increases, even at low temperatures
(discussed in 310). Localised areas of high moisture can also be generated by insect activity, or by
poor blending. This inevitably leads to increased grain water-activity, with the concomitant risk of

Client Ref. CO3009
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004


http:0.025-0.05

Page 33 of 61

mould growth in those areas (88), together with the potential for mycotoxin production. The key
parameter that therefore needs to be measured within any lot of grain is the highest moisture content
within it (89), rather than the moisture content of a composite sample (average). Reliance on average
moisture content measurements has on occasion led to fungal spoilage and commercial loss (88).

2.3.3 Apvlication of lessons from scientific observations to commercial practices.

The relationship between grain moisture and water-activity is complex. At a fundamental level it

is not only influenced by other physical parameters such as temperature, but also cereal variety
(307). A key factor is that hysterisis is observed, such that for any particular grain water-activity
value, the desorption moisture value is higher than that found for absorption (164). This difference
in values can be marked. However, at high water-activity values the difference becomes smaller,

particularly at water-activities above 0.90. A second and, probably more significant problem, is the'
methodology used to determine moisture contents. Given the commercial importance. of grain
moistute, although commercial moisture determinations can be made using different methods, these -

are normally validated against a commonly accepted reference method. This is usually defined at
a national level (e.g..17)) and based on an international standard {e.g. ISO 712 : 1998).

| A failure to validate either individual methods (e.g. at a research laboratory level) with that set out

'in a recognised standard and/or to regularly calibrate moisture measunng equipment against-

standards (e.g. as in ISO 7700- 1 :1984) will obviously lead to inaccuracies. There is, therefore, not
only a-potential that data derived from laboratory studies might not be immediately capable of being
translated into advice for industry, but also that industrial measurements with moisture meters may
not reflect the true situation. In one report (88) of 2 commercially significant loss due to fungal
damage, moisture contents measured with a meter were at least one percentage point lower than

true.

2.4  Drying - On Farm (Stage W8) - or by Third Parties (Stage T11)

As discussed earlier, members of the genus Fusarium are considered to be field as opposed to
storage mycotoxins. However, as already detailed, under certain circumstances, Fusarium spp. do
have the potential to produce mycotoxins post-harvest. Reference has already been made to the
additional risk conferred by delaying drying of maize with respect to fumonisin contamination
(288). Under these circumstances, it has been demonstrated that incorrect drying practices can also
contribute to elevated levels of Fusarium spp. toxins (212). Studies addressing the question
primarily of mycotoxins in small grain crops, such as those by Jonsson (191) have been performed
with respect to ochratoxin A. These have demonstrated that the both geographical location and the
method of grain drying are of significance, both on the incidence of contamination by storage fungi
and also mycotoxins, particularly ochratoxin A. It should be noted that even with the use of drying
with heated air, average grain moistures of greater than 14% were reported after 5 months storage.
In the case of grain dried with near ambient air or near ambient air plus added heat, average grain
moistures in the range 15 to 20% were found. Values at the top end of this scale might be high
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enough to permit Fusarium spp. mycotoxin production as well as ochratoxin A by P. verrucosum.
Studies such as those by Mueller and Thaler (273) with maize support this observation. Drying with
ambient air therefore can be disadvantageous in cooler temperate climates. Attempts have been
reported to improve the process by including an agent, which inhibits fungal activity such as

treatment with ammonia (283).

3.0  FINISHED GRAIN STORE TO PRIMARY PROCESSOR (STAGES 10, F11, M11
Cll & T14)

. Events following dispatch of the grain from the farm to the eventual user are considered under a

single heading. With the exception of the standard pre-requisites (e.g. moisture,) the major risk
factor is esséntially the entry of contarrinated grain onto the market. By this time, grain for sale has

. a moisture content too low to sustain Fuysarium spp. actmty Both in the UK and elsewhere within

the EU, the supply of grain is usually governed by industry-wide codes. For example in the UK flour
industry, codes of practice cover not only the trarisport of grain to flour mills (371) but also grain

- quality (18). These specifications are enforced by weighbridge checks and are increasingly being .

managed through industry- based 31 party quality assurance schemes for both farmers and

" transport/intermediaries.
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C WHEAT PROCESSING (BREAD): PRIMARY PROCESSOR - RETAILER
Author’s note: stage numbers referred to in the text, cross reference to those quoted in the
flow diagram (Figures 6&7) used for the hazard/risk analyses described in the main body

of the report

1.0  FLOUR-MILL GRAIN RECEPTION TO BAKERY FLOUR SILO (STAGES F11 TO F25)

1.1 Background

e

Toxicoses have been associated with bakery products in areas of the world where mould
contamination cannot be so rigorously controlled, (e.g. 50). Elsewhere, both in Member States (e.g.

the Netherlands, 163) and elsewhere (e.g. Argentina, 291) survey data suggests that ‘bakery products
can make a make a significant contribution to the population’s deoxynivalenol body burden and may - -
have public health implications. In addition, numerous workers have shown that flour produced

from Fusarium spp. damaged wheat is often inferior, leading to poor baking and product quality
(112, 113, 253). The degree of impairment is, in part, a function-of the wheat variety (112, 113).

12 Flour Milling (Stages F11 - F25)

Aspects relating to storage have been addressed in Part B, section 2 3; ‘this section relates to the -

effect that various components of the mllhncr process can have on mycotoxin contamination.

1.2.1 Screen Room (Stage F13)

The key purpose of the screen room is to effect the separation of foreign matter and inferior grain
(grain fragments, small grains and large grains). The process uses several pieces of equipment used
in sequence. Their actions are usually based on sieving or centrifugal principles.

Work by Abbas et al (2) has demonstrated that unless contaminated grains are actually physically
segregated, the cleaning operations performed in the screen room will not be effective in removing
mycotoxins from the flour. Physical separation and segregation methods based on the observation
that severely infected kernels are concentrated in the least dense fractions of the wheat parcel have
been described, for example, the use of gravity tables (370). Other methods of density separation,
based on liquid systems have shown that deoxynivalenol and zearalenone concentrations in the
finished flour can be reduced by as much as 96% and 55% respectively (78). Additional approaches
that have been proposed to reduce levels of mycotoxin (deoxynivalenol and zearalenone)
contamination include selective removal of the hulls (e.g. in barley) and bran layers or selective
sieving of kibbled grains or washing in sodium carbonate solutions (372). At a commercial level,
while pre-kibbling grains or use of liquid-based removal systems would not probably be feasible,
the use of gravity tables is, and is practiced in certain parts of the world. A key point in the use of
such systems, is the need to continuously monitor performance. Recent work (321) has described
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the use of image analysis systems connected to neural networks to monitor the outflow from such

equipment.

1.2.2 Flour Production (Stages F14 - F20)

Flour milling is essentially a process of reduction and (in the case of most flours, except wholemeal)
fractionation. In terms of fungal distribution within the wheat kernel, Chelkowski er al. (82)
observed that grains naturally infected with F. culmorum exhibited more damage than those infected
with, F. graminearum, F. avenaceceum, and M. nivale. Mycelial growth was most extensive
between the pericarp and aleurone layers and alongside the scutellum. Invasion by the mycelia of
both the embryo and endosperm was also observed. Given this distribution, removal of the outer
bran layers (scouring) might be considered to be effective in reducing mycotoxin loading. Suck

. tudies that havé been performed (78) have resulted in reductions of between 20 and 40% ini the

mycotoxin content of the finished flour.

Other studies have been performed looking at the distribution of mycotoxins in various mill
fractions. Abbas et al. (2) working in North America with F. gramirnearum contaminated wheat,
observed something similar, in that while deoxynivalenol was distributed throughout the grain, it
tended to accumulate in the mill fractions derived from the outer layers of the grain (e.g. bran). A
similar finding was made by Lee et al (215). However, they also found differences between_

- Fusaiium mycotexms Thus while deoxynivalenol and nivalenol appeared to permeate’ the

endosperm to one degree or another, no contamination of the endosperm by zearalenone was found,
as evidenced by its absence in white flours produced from contaminated wheat. Within the context
of the milling process, removal of the outer bran layers of the grain can therefore result in some
reduction in the amount of mycotoxin present. However, there is still residual (60-80%)
contamination. Findings with bread-making wheats (Triticum aestivi) grown and produced in
Europe have also been reported (219). In this case, up to 50% reductions in deoxynivalenol
concentrations were reported, depending on the extraction rate used. These effects may be species
dependent since, Nowicki ef al. (284) working with deoxynivalenol contaminated durum wheat (7.
durumy); found that although milling effected a slight partition of the toxin, losses were not

significant.

2.0 BAKERY FLOUR SILO TO RETAILER (STAGES F24 TO F34)

2.1 Dough Preparation and Bread Baking (Stages F25-F32)

The key factors, in terms of Fusarium spp. mycotoxin production, which have to be addressed, are
the role of any minor ingredients (e.g. improving agents), yeast fermentation and the thermal

environment during baking.
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2.1.1 Role of Minor Ineredients

Studies by Boyacioglu et al. (61) demonstrated that the permitted process aid, ascorbic acid, had no
effect on deoxynivalenol levels in bread baked from contaminated wheat. However, inclusion of
either sodium bisulphite or L-cysteine (which are routinely used in the production of certain biscuit
types) did effect a significant reduction in deoxynivalenol levels in the bread model used. Bench
experiments such as those of Pineda & Bullerman (305) have demonstrated that some Fusarium spp.
mycotoxins (e.g. moniliformin) are degraded under alkaline conditions. Alkaline production
processes, such as those for maize tortillas may therefore contribute to a reduction in contamination

2.1.2 Yeast Fermentation {Prove) -

Studies by Boeswald et al. (57) using pure culture systems and i 111\\/(35.’c1gat1ntT @ range of yeasts of

industrial s1gn1ﬁcance observed that while- strains Saccharomyces cerevisice were observed to

metabolise zearalenone by reducing it to both alpha- -and beta- zearalenol ‘no metabolism of

deoxynivalenol was observed. However, under industrial conditions, yeast fermentation has been
observed to lead to reductions in deoxynivalenol concentrations originating from natural
contamination of the original grain (277). This observation is at variance with those of Savard (327)

who suggested the possibility that fatty- acid and glycoside conjugates of deoxynivalenol can be -

deconjuoated by industrial yeasts to release the active toxin.

2.1.3 Baking

Fusarium spp. mycotoxins appear to exhibit a degree of heat resistance and are not significantly
degraded during the baking process (342, 366).
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D BARLEY PROCESSING (BEER) PRIMARY PROCESSOR - RETAILER
Author’s note: stage numbers referred to in the text, cross reference to those quoted in the
Slow diagram (Figures 8&$) used for the hazard/risk analyses described in the main body

of the report

1.0 MALTSTER GRAIN RECEPTION TO BREWERY MALT SILO (STAGES M11 TO M?24)

1.1 Background

As in the case of wheat and bread, Fusarium spp. damage to barley. is of commercial significance
irrespective of any public health implications. Fusarium damage has been implicated both with
impaired malting and brewing performance. Ir-the case of malt, this has been particularly in respcct
of poor germination (152, 285) and other malting characteristics (328, 334). While in brewing,
Fusarium spp mycotoxins have been observed to have an inhibitory effect on yeast fermentation
(54, 55), other metabolites have been associated with the 'gushing' phenomenon (278, 331), a quality
defect particularly associated with bottled beer.

1.2 Barley Malting (Stages MI 1-M24)

1.2.1 _ Grain Receipt and Grain Dgxing

Given the stringent requirements of the malting industry, barley is transferred direct from the farm
to the maltster. In Northern Europe, grain moisture contents will invariably be high enough to
support toxigenic storage fungal growth (e.g. Penicillium verrucosum) and sometimes that of
Fusarium spp. Drying is therefore undertaken on a priority basis with batches with high moisture
contents being dried first (37). Correct processing of barley at this stage can lead to substantial
reductions in the numbers of contaminating field fungi (159). The importance of the drying process
and of reducing the water-activity of the grain have been discussed in Part B, sections 2.1-2.4).

1.2.2 Steeping & Germination

Steeping involves raising the average moisture content of the barley from 11-12% commonly
associated with long-term storage to between 43 and 46%. The latter moisture contents being
sufficiently high enough to promote further Fusarium spp. outgrowth. Flanagan ef al. (141) reported
that the number of Fusarium spp. infected kernels could rise from 15 to 90% during the steeping
process. Schwarz et al., (333) studied Fusarium spp. growth and mycotoxin production during
steeping and germination. While steeping was accompanied by a reduction in deoxynivalenol
concentrations, germination was often associated with fungal outgrowth and mycotoxin production.
However, considerable variability was observed (18-114% of original contamination), suggesting
differences in fungal viability or in the nature of infection.
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2.0 BREWERY MALT SILO TO RETAILER (STAGES M24 TO M34)

2.1  Wort Preparation and Beer Brewing (Stages M25-M32)

.

The key factors, in terms of Fusarium spp. mycotoxin production, which have to be addressed, are
the leeching of mycotoxins into the wort, thermal treatment of the wort and yeast fermentation.

2.1.1 Wort Production

The principle problem associated with wort production is the extraction of mycotoxins from the
malt into the wort. The 'extractability' of the mycoxins varies with the chemical structure. Hernandez
+ et a (165) determined that while deoxynivalenol was readily éxtractable, zearalenone was not. This
. work confirmed previous studies (333) where between 80 and 93% of contaminating deoxynivalenol

present in the original malt was found in beer brewed from it. In contrast, when malt contaminated
with zearalenone was studied, little leaching into beer was observed, with most of the mycotoxin

being found in the spent-grains.

2.1.2  Wort Boiling' & Cooling

. There is little ﬁmblished information on the effect qf wort boiling and cooling on the stability or
otherwise of Fusarium spp. mycotoxins. However, certainly in the case of deoxynivalenol (333),
it is unlikely that any significant thermal destruction takes place.

2.1.3 Fermentation

This term is used to describe the fermentation process and subsequent steps leading to the finished
packaged product. Reference has already been made to the degradation of zearalenone by
Saccharomyces cerevisiae in the context of bread production (56) similar results have been found
in the context of brewing (242). Deoxynivalenol, however, does not appear to be metabolised by

brewing yeast (56).
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E PRIMARY PROCESSOR - RETAILER, BREAKFAST CEREALS (CORN FLAKES),

WITH A NOTE ON WET MILLING
Author’s note: stage numbers referred to in the text, cross reference to those guoted in the

Sflow diagram (Figure 10-12) used for the hazard/risk analyses described in the main body
of the report

1.0 MILL GRAIN RECEPTION TO FACTORY STORES (STAGES B11 TO B26)

1.1 Background
Maize-based products are of interest from three points: '

e The diversity of the processes which the kernel can undergo pmor to becommg a ﬁmshed

consumer product;
e For reasons discussed elsewhere (Part A, sectlon 2.1), maize. appears to be urnque as the

botanical source of the fumonisin group of mycotoxins;
. Outbreaks of food po1son1ng attrxbutable to ﬁlmomsm B; have been reported (51).

Fumonisin contamination appears to vary 1ntematlonally and risk of exposure may reflect different
national dietary practices. Surveillance work in the UK has shown that in over a nine month period

: (1998-1999), some 48% of imported maize samples had concentrations of total fiumonisins in excess

of 1000 pg/kg total fumonisins and 42% contained zearalenone at levels in excess of 100 pg/kg
(266). Subsequent work expanding on this study (345) showed that, particularly in the case of
fumonisin contamination, there were clear geographical differences between shipments, with higher
levels of contamination being seen in Argentine compared with European maize. Of further interest
was the correlation between the latitude of European port from where the maize was shipped and
the level of fumonisin contamination. In this case, the further south the port, the greater the mean

concentration of fumonisins measured.

In terms of maize-based foods intended for human consumption, a previous UK study (265) had
found that, while low levels of total fumonisins were found in breakfast cereals, higher levels
(>1000 pg/kg) could occasionally be found in other foods (e.g. polenta). Studies in the USA (73,
158) have found levels of fumonisin By at levels which could give cause for concern. Similar results
have been reported from Italy (118), the Netherlands (279, 280) and the Czech Republic (290). In
the latter case, the highest concentrations of fumonisins were found in products based on maize
meal (e.g. polenta) and the lowest in heavily processed food such as cornflakes, a finding supported

by other work in Italy (386) and Spain (382).
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12 Dry Milling

Studies (361) on maize imported from the USA into South Africa have shown that introduction of
a pre-cleanup step, which removed fines, could lead to between a 29 and 69% reduction in the
fumonisin load. Similar results have been reported for fumonisins in the UK (266) but not
zearalenone. Studies on the distribution of Fusarium spp. and mycotoxins in maize and their
subsequent distribution during the dry milling process have been described (192). Overall, Fusarium
counts and fumonisin concentrations tended to increase as grit size decreased and high counts and
levels of fumonisins were found in the germ, bran and fines fractions.

2.0~ FACTORY INGREDIENTS STORE TO RETAILER (STAGES B26 TO B37)

Generally speaking Fusarium mycotoxins are heat stabl'e'(Z 14Y); however, as discussed above, survey
data has shown that levels of mycotoxin contamination in this type of product tends to be low.

Thermal processing can reduce the level of fumonisin contamination. Early studies (213)
demonstrated that the use of alkali (ammonia solut1on) or oxidizing agents (hydrooen peroxide)
followed by heating and drymg could effect reductions in fumonisin contamination. Experiments
in model systems (177) have shown fumonisin By to be hydrolysed under acid (pH 4.0) or alkali
conditions (pH 10.0). Hydrolysis was to a degree temperature dependent with 18-90% lost at 60
minutes at 150°C, depending on pH). However, use of higher temperatures (>175°C) led to over
90% reduction, irrespective of pH.In contrast, when these studies were repeated in real food
systems, where such temperatures might be expected (baking and frying) no such reductions were
seen {178). Studies (74) investigating wet-heat systems, such as canning showed only slight
reductions (< 15%) in contamination, while those based on baking showed reducuons of between

0 and 48% 1n levels of contamination.

There is some evidence that HTST (High Temperature Short Time) processes may be effective in
reducing levels of mycotoxin contamination. Using model systems, extrusion cocking has also been
shown to reduce fumonisin contamination {72). The degree of reduction was dependent on the
configuration of the screws and the amount of water present. Similar results were obtained for
zearalenone contaminated maize (324). This type of reduction in the presence of sodium
metabisulphite has also shown to be effective (>95% reduction) with regard to deoxynivalenol
contaminated maize (75). However, others (398) found no such effect for deoxynivalenol.
Experiments, looking at systems analogous to those found in the industry (193), determined that
extrusion cooking could lead to a reduction in fumonisin contamination. Reduction was found to be
a function of temperature and holding time (the greater the heat supplied, the greater the
inactivation). Under conditions which generated a commercially acceptable product, reductions
between 46 and 76% were obtained. With regard to cornflake mamuifacture, based on an extrusion
step; de Girolamo et al (151) have shown that the whole method of manufacture contributed to

substantially reducing the level of fumonisin contamination.
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3.0  WET MILLING (STAGES Bl1, B38 TO B438)

Within the context of wet milling, the process is of concern in that the process may lead to a
concentration of mycotoxins within a particular fraction. For example, studies with zearalenone or
fumonisin contaminated maize (48) have shown that, while it is possible to obtain toxin free starch,
there is a positive concentration effect within the gluten fraction. The process of steeping itself has
been shown to have an extractive effect on fumonisin By and B; contaminated grain (68). Similar

results have been found with T-2 toxin (320).

Client Ref. C03009

;3 Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004



F

L

4.
15.

16.

17.

18.

19.

20.

Page 43 of 61

REFERENCES

Abbas, H. K., S. O. Duke, and T, Tanaka. 1993. Phytotoxicity of fumonisins and related compounds.

L Toxicol.: Toxin Rev. 12:225-251.

Abbas, H. K., C. J. Mirocha, R. J. Pawlosky, and D. J. Pusch. 1985. Effect of cleaning, milling and
baking on deoxynivalenol in wheat. Appl.Environ.Microbiol.50:482-486.

Abbas, H. K., R. J. Smeda, B. C. Gerwick, and W. T. Shier. 2000. Fumonisin B sub(l) from the fungus
Fusarium moniliforme causes contact toxicity in plants: Evidence from studies with biosynthetically labeled
toxin. J.Nat. Toxins 9:85-100. _

Abouzied, M. M., J. I. Azcona, W. E. Braselton, and J. J. Pestka. [991. Immunochemical assessment of
mycotoxins in 1989 grain foods: Evidence for deoxynivalenol (vomitoxin) contamination.

Appl.Environ.Microbiol. 57:672-677.
Abramson, D., R, M. Clear; E. Usleber, R. Gessler, T. W, Nowicki, and E. Maertlbauer. 1998, Fusanurn

species and 8-keto-trichothecene mycotoxins in Manitoba barley. Cereal Chem.75:137-141.

Adamski, T., J. Chelkowski, Z. Kaczmarek, M. Surma, and H. Wisniewska 1997. Evaluation of .
susceptibility of auto- and alloplasmic barley DH lines to Fusarium seedling blight. Euphytica93: I69~172
Adetuyi, F. C. 1992. Antagonistic potential of Pseudomonas syringae and Erwinia herbicola on wheat seeds.

~Indian J.Mycol.Plant Pathol. 22:280-294.

Ahmad, Y., A. Hameed, and M. Aslam. 1996. Effect of soil solarization on corn stalk rot. Plant Soil -

179:17-24.
Akos, M. 1986. Resistance to ear fusanoms in winter wheat, Novenytermeles33:407-417.
Alberts, J. F., W. C. A. Gelderblom, P. G. Thiel, W. F. O. Marasas, D. J. van Schalkwyk, and Y.

Behrend. 1990. Effects of temperature and incubation period on producuon of fumenisin Bsub(1) by-

. Fusarium mioniliforme). Appl.Environ.Microbiol. 56: 1729-1733. .

Alldrick, A. J. and C. Kuight. 2000 Mycotoxins in cereals, prevention is better than cure. Proc.BCPC

Conference Pests and Diseases 2000 2:701-706.
Andersen, B., U. Thrane, A. Svendsen, and L A. Rasmussen. 1996. Associated field mycobiota on malt

barley, Can.J.Bot. 74:854-838.

Aanki, T. and K. O'Donnel. 1999, Morphological and molecular characterisation of Fusarium
pseudograminearum sp. Nov. formally recognised as the Group 1 population of F. graminearum.
Mycologica 91:597-609.

Anonymous. 1995. [Safe storage of Fusarium contaminated wheat.]. Khleboprodukty 12-14.
Anonymous, 1998. Fusarium Toxins in Cereals - a risk assessment. Nordic Council of Ministers,
Copenhagen.

Anonymous. 1999, Preventing mycotoxincontamination . Food and Nufrition Division, FAQ, Rome.
Anonymous. 2002, Flour testing working group method no. 0008, Determination of moisture content by
oven drying, fn S. Salmen (ed.), Guideline No.3 Manual of methods for wheat and flour testing. Campden &
Chorleywood Food Research Associationn, Chipping Campden.

Anonymous. 1999. nabim Recommended code of practice for mill intake. The Incorporated Natmnal
Association of British & Irish Millers, London.

Anonymous. 2001. Assured Combinable Crops Scheme Manual 2001-2002. Assured Combinable Crops
Producing Trust, Long Hanborough.

Anonymous, 2001. CODEX COMMITTEE ON FOOD ADDITIVES AND CONTAMINANTS (Thirty-
Fourth Session Rotterdam, the Netherlands, 11-15 March 2002): Proposed draft code of practice for the
prevention (reduction) of mycotoxin contamination in cereals, including annexes on ochratoxin A,
zearalenone, fumonisins and trichothecenes. Codex Alimentarius Commision, Rome,

Anonymous. 2001. Honig haalt pasta's met schimmelvergif uit der markt.

www, nieusbank nl/imp/2001/03/1070.htm .

Anonymous. 2001. World Grain Statistics 1999/00. intemational Grain Council, London.

Anonymous. 2002, HGCA Topic Sheet No. 58: Wheat ear sprays for disease and mycotoxin control.

Client Ref. C03009
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004

S’


www.nieusbank.nl/imp/200

o

24,

25.

26.

27.

28.

29.

30.

LF¥]
—

Ll L)
L) P

Page 44 of 61

Anonymous. 2002. Report Of The 34th Session Of The Codex Committee On Food Additives And
Contaminants, Rotterdam, the Netherlands 11-13 March 2002. Codex Alimentarius Commision, Rome.
Arseniuk, E., E. Foremska, T. Goral, and J. Chelkowski. 1999. Fusarium head blight reactions and
accumulation of deoxynivalenol (DON) and some of its derivatives in kernels of wheat, triticale and rye,
J.Phytopathol. 147:577-590.

Arseniul, E., T, Goral, W. Sowa, H. J. Czembor, H. Krysiak, and A. L. Scharen. 1998. Transmission of
Stagonospora nodorum and Fusarium spp. on triticale and wheat seed and the effect of seedborne
Stagonospora nodorum on disease severity under field conditions. J.Phytopathol. 146:339-345.

Atanassov, Z., C. Nakamura, N. Mori, C. Kaneda, H. Kate, Y. Z. Jin, T. Yoshizawa, and K. Murai.
1994. Mycotoxin production and pathogenicity of Fusarium species and wheat resistance to Fusarium head
blight. Can.J.Bot.Rev.Can.Bot. 72:161-167.

Backes, F. and J. Kraemer. 1999. Microbiological and mycotoxic quality of winter wheat from organic
agriculture as raw material for food. Getreide Meh! und Brot53:197-201.

Bai, G., F. L. Kolb, G. Shaner, and L. L. Domier. 1999. Amplified fragment length polymorphism markers
linked to & major quaptitative trait locus controlling scab resistance in wheat. Phytopathology 89.

Bai, G. H., R. Plattner, A. Desjardins, and F. Kolb. 2001. Resistanceto fusarium head bhght and

deoxynivalenol accumulation in wheat. Plant Breeding120:1-6.
Bai, G. H., G. Shaner, and H. Ohm. 2000. Inhentance of resistance to Fusarium graminearum in wheat.

Theor.Appl.Genét. 100:1-8.
Bai, 8. and G. Shaner. 1994. Scab of wheat: Prospects for control. Plant Dis. 78:760-766.
Baird, R. E., B. G. Mullinix, A. B. Peery, and M. L. Lang: 1997. Diversity and lonaewty of the soybean

debris mycoblota in a no-tillage system. Plant Dis. 81:530-534.
Bakan, B., D. Melcion, M. D. Richard, and B. Cahagnier. 2002. Fungal growth and Fusarium mycotoxin

content in isogenic traditional maize and genetically modxfied maize grown in France and Spain.

"J.Agric.Food Chem. 50:728-731.
.Bakan, B., L. Pinson, B. Cahagnier, D. Melcmn, E. Semon, and M. D. Richard. 2001. Tox:gemc

‘potential of Fusarium culmorum strains isolated from French wheat.Food Addit.Contam. 18:998-1003.

39.

40.

41.

Balmas, V.; L. Corazza, and A. Magnotta. 1999. Occurrence of Fusarium spp. in uncultivated soils in

‘Ttaly. Micol.Ital. 28:5-8.

Bamforth, C. W. and A. H. P. Barclay. 1993. Malting technology and the uses of malt, p. 297-354./n A.
W. MacGregor and R. S. Bhatty (eds.), Barley chemistry and technology. American Association of Cereal
Chemists, St Paul.

Banks, J., K. A. Scudamore, K. Norman, and P. Jennings. 2002. HGCA Project Report 289: Pracncal
guidelines to minimise mycotoxin developemnt in UK cereals, in line with forthcoming EU legislation, using
the correct agranomic techniques and grain storage management. Home Grown Cereals Authority, London.
Bars, J., P. Bars, J. Dupuy, H. Boudra, and R. Cassini. 1994. Biotic and abiotic factors in fumonisin B1
production and stability. Journal of the AOAC International 77:517-521.

Bateman, G. L. and H. Coskun. 1995. Populations of Fusarium spp. in soil growing continuous winter
wheat, and effects of long-term application of fertilizers and of straw incorporation. Mycol Res.99:1391-

1394.
Bauer, J., M. Gareis, A. v. Monigelas, and B. Gedek. 1983. Effects of food preservatives on mycotoxin

production. Microbiologie Aliments Nutrition 1:203-209.
Beattie, S., P. B. Schwarz, R. Horsley, J. Barr, and H. H. Casper. 1998. The effect of grain storage
conditions on the viability of Fusarium and deoxynivalenol production in infested malting barley. J.Food

Prot. 61:103-1086.
Beck, R. 1995. Vorkommen und Bedeutung von Mykotoxinen im Getreide und in Mahlprodukten.Muehle &

Mischfuttertechnik 132:130-131.

Beck, R. and J. Lepschy. 2000. Ergebnisse aus dem fusarium-monitoring 1989-1999 - einfluss der
produktiontechnischen faktoren fruchtfolge und bodenbearbeitung, Bodenkultur und Pflanzenbaud:39-47.
Becon, C. W, and J. W. Williamson. 1992. Interaction of Fusarium moniliforme, its metabolites and

bacteria with corn. Mycopathologia 117:65.

Client Ref, C03009
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004


http:Mycol.Res.99
http:297-354.ln

46.

47.

48.

49.

50.

38.
59,

60.
61.

62,

63.

64.

65.

66.

67.

Page 45 of 61

Becon, C. W. and J. W. Williamson. 1992, Interaction of Fusarium moniliforme, its metabolites and
bacteria with corn. Mycopathologia 117:65.

Beddis, A. L. and L. W. Burgess. 1992, The influence of plant water stress on infection and colonization of
wheat seedlings by Fusarium graminearum Group I.Phytopathology 82:78-83.

Bennett, G. A. and J. L. Richard. 1996. Influence of processing on Fusarium mycotoxins in contaminated

grains. Food Technology 50:235-238.
Berisford, Y. C. and J. C. Ayres. 1976. Use of the insecticide naled to control zearalenone production.

J.Agric.Food Chem. 24:973-975.

Bhat, R. V., 8. R. Beedu, Y. Ramakrishna, and K. L. Munshi. 1989. Outbreak of trichothecene
mycotoxicosis associated with consumption of mould-damaged wheat products in Kashmir Valley, India.
Lancet 1:35-37.

Bhat, R. V., P. H. Sheity, R. P. Amruth, and R. V. Sudershan. 1997. A foodborne disease outbreak due to
the consumption of moldy sorghum and maize containing fumonisin mycotoxins. J.Toxical Clin.Toxicol.
35:249-255.

Bllcraml, K. S. and A. K. Choudray. 1998. Mycotoxins in Preharvest of Auncultural Crops, p. 1-43.1n K.
S. Sinha and D. Bhiamagar {eds.), Mycdtoxins in Agriculture and Food Safety Marcel Dekker, New York.
Birzele, B., A. Prange, and J. Kraemer, 2000. Deoxynivalenol and ochratoxin A in German wheat and’

'chances of level in relation to storage parameters. Food Addit.Contam. 17:1027-1035.

Boeira, L. S., J. H. Bryce, G. G. Stewart, and B. Flannigan. 1999. Inhibitory effect of Fusa.rmm
mycotoxins on growth of brewing yeasts.]. Zearalenone and fumonisin B1. J.Instit.Brew. 103:366-374.

- Boeira, L. §., J. H. Bryce, G. G. Stewart, and B. FIanmgan 1999. Inhibitory effect of Fusarium

mycotoxins on growth of brewing yeasts. Il. Deoxynivalenol and nivalenol. J.Instit.Brew. 105:376-381.

* Boeswald, C., G. Engelhardt, H. Vogel, and P. R. Wallnoefer, 1995. Metabolism of the Fusarium

mycoto‘uns zearalenone and deoxynivalenol by yeast strains of techno!oomal reievance Nat. Toxins 3:138-
144,

Boeswald, C., G. Enoelhardt H Vogel, and P R Walluoefer 1993, Metabohsm of the Fusarium
mycotoxins zearalenone and deoxynivalenol by yeast strains of technological relevanceNat. Toxins 3:138-
144,

Boggini, G. Personal Communication. 2001.
Boshoff, W. H. P., Z. A. Pretorius, and W. J. Swart. [999. A comparison of head infection and blight

development caused by Fusarium graminearum and Fusarium crockwellense in wheat, S.Afr.J.Plant Soil
S.Afr. Tydskr.Plant Grond 16:79-84.

Bottalico, A. 1998. Fusarium diseases of cereals: Species complex and related mycotoxin profiles, in
Europe. J.Plant Pathol. 80:85-103.

Boyacioglu, D., N. 8. Hettiarachchy, and B. L. D' Appolonia. [993. Additives affect deoxynivalenol
(vomitoxin) flour during breadbaking. J.Food Sci.58:416-418.

Boyacioglu, D., N. S, Hettiarachchy, and R. W. Stack. 1992. Effect of three systemic fungicides on
deoxynivalenol (vomitoxin) production by Fusarium graminearum in wheatCan.J.Plant
Sci.Rev.Can.Phytotech. 72:93-101.

Burgess, L. W., R. 1. Dodman, W. Pont, and P. Mayers. 1981. Fusarium diseases of wheat maize and
grain sorghum in eastern Australia, p. 64-76./n P. E. Nelson, T. A. Toussoun, and R. §. Cook (ads.),
Fusarium B Diseases, Biology and Taxonomy. Pensilvania State University Press, University Park.
Burgess, L. W., P. E. Nelson, and T. A. Toussoun. 1982. Characterization, geographic distribution and
ecology of Fusarium crookwellense sp.nov. Trans.Br.Mycol.Soc.79:497-505,

Cahagnier, B., D. Melcion, and M. D. Richard. 1995. Growth of Fusarium moniliforme and its
biosynthesis of fumonisin Bl on maize grain as a function of different water activities. Lett. Appl.Microbiol.

20:247-251.

Calvert, 0. H.,, A. §. Foudin, H. C, Minor, and G. ¥. Krause. 1985. Fusarium moniliforme colonization of

com ears in Missouri. Plant Dis, 69:988-990,
Campbell, H., T. M. Choo, B. Vigier, and L. Underhill. 2000. Mycotoxins in barley and oat sarples from

eastern Canada. Canadian Journal of Plant Science 80;977-980.

Client Ref, C03009
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004

B

oy


http:oflevet.in

e,

68.
69.

70.

71.
72.
73.

74.

76.

77.

78.

7.

30.
81
82,
83.

84,

86.

37.
88.

89.

Client Ref. C03009
Doc. Ref. CCPDG_54784_FinalSOR_FSA

Page 46 of 61

Canela, R., R. Pujol, N. Sala, and V. Sanchis. 1996. Fate of fumonisins Bl and B2 in steeped com kemels.

Food Addit.Contam. 13:511-517.
Cariddi, C. and M. Catalano. 1990, Water stress and Fusarium culmorum infections on durum wheat.

Phytopathol. Mediterr. 29:51-55.
Caruso, C., C. Caporale, G. Chilosi, F. Vacea, L. Bertini, P. Magro, E. Poerio, and V. Buonocore.
1996. Structural and antifungal properties of a pathogenesis-related protein from wheat kernel. J.Protein

Chem. 15:35-44.
Castella, A. G., M. R. Bragulat, and F. J. Cabanes. 1999. Fumonisin production by Fusarium species

isolated from cereals and feeds in Spain. J.Food Prot. 62:811-813.

Castelo, M. M., S. K. Katta, S. 8. Sumner, M. A. Hanna, and L. B. Bullerman. 1998. Extrusion cooking
reduces recoverability of fumonisin B! from extruded com grits. J.Food Sci.63:696-698.

Castelo, M. M., S. S. Sumuner, and L. B. Bullerman. 1998, Qccurrence of fumonisins in cort-based food

products, J.Food Prot. 61:704-707.
Castelo, M. M., S. S. Sumner, and L. B. Bullerman. 1998. Stability of fumonisins in thermally processed

_corn products. J.Food Prot. 61:1030-1033.

Cazzaniga, D., J. C. Basilico, R. J. Gonzalez, R. L. Torres, and D. d. Greef. 2001. Mycotoxins
inactivation by extrusion cooking of corn flour. Lett. Appl. Microbiol.33:144-147,

Celetti, M. J. and R. Hall. [987. Effects of maneb, carbathiin and triadimenol as seed treatments on yield of
winter wheat and on infection of thé crown by Fusarium spp. Phytoprotection68:49-55. - .
Celetti, M. J., H. W. Johnston, J, Kim pinski, H. W. Plait, and R. A. Martin. 1990. Incidence of soil-
borne plant pathogens isoldted from barley and winter wheat; and other crops in the rotation, on Prince -

‘Edward Island. Plant Pathol. 39:606-611.
Charmley, L. L, and D. B. Prelusky. 1994. p. 421-435. [n J. D. Miller and H. L: Trenholm {eds)),

- Mycotoxins in grain: compounds other than aflatoxins. Eagle Press, St Paul,
Charmley, L. L., A. Rosenberg, and H. L. Trenholm. 1994 Factors responsible for economic losses due-

to Fusarium mycbtoxin contamination of grain, foods, and feedstuffs, p. 471.7# J. D. Miller and H. L.

“Trenholm (eds.), Mycotoxins in Grain. Eagle Press, St.Paul.

Chelkowski, J. 1998. Distribution of Fusarium species and their mycotoxins in cereal grains, p. 45-64. /n K.
S. Sinha and D. Bhatnagar (eds.), Mycotoxins in Agriculture and Food Safety. Marce] Dekker, New York.
Chelkowski, J. 1998. Fusarium and mycotoxins, p. 45-64. /n K. 8. Sinha and D. Bhatnagar (eds.),
Mycotoxins in Agriculture and Food Safety. Marcel Dekker, New York.

Chelkowski, J., A. Cierniewska, and W. Wakulinski. 1990. Mycotoxins in cereal grain. XIV.
Histochemical examination of fusarium-damaged wheat kernels, Nahrung34:357-361.

Chelkowski, J. and M. Manka. 1983. The ability of fusaria pathogenic to wheat, barley and comn to produce
zearalenone. Phytopathol.Z. 106:354-339.

Chelkowski, J., A. Visconti, and M. Manka. 1984. Production of trichothecenes and zearalenone by
Fusarium species isolated from wheat. Nahrung 28:493-496.

Chelkowski, J., H. Wisniewska, T. Adamski, P. Golinski, Z. Kaczmarek, M. Kostecki, J. Perkowski,
and M. Surma, 2000. Effects of Fusarium culmorum head blight on mycotoxin accumulation and yield traits
in barley doubled haploids. J.Phytapathol. 148:54[-545.

Chen, W. P,, P. D. Chen, D. J. Liu, R. Kynast, B. Friebe, R. Velazhahan, S. Muthukrishnan, and B. S.
Gill. 1999. Development of wheat scab symptoms is delayed in transgenic wheat plants that constitutively
express a rice thaumatin-like protein gene. Theor.Appl.Genet. 99:755-760.

Chkanikov, D. L, G. D. Sokolova, G. A. Devyatkina, V. V. Pavlova, and V. A. Kozhukhovskaya. [997.
Effect of some fungicides on mycotoxins content in the winter wheat grain. Agrokhimiya 49-50.

Christensen, C. M. and H. H. Kaufman. 1969. Grain storage. The role of fungi in quality loss. University

of Minneapolis Press, Minneapolis.
Christensen, C. M., B. 8. Miller, and J. A. Johnston. 1992, Moisture and its measurement, p-39-54.In D.

B. Sauer (ed.), Storage of cereal grains and their products. American Association of Cereal Chemists, St.
Paui.

March 2004


http:39-54.ln
http:45-64.ln
http:Lett.Appl.Microbiol.33

50.

91

92.

96.

97.

93.

99.

100.

iol.

102.

106.

107.

108.

109.

Page 47 of 61

Chu, F. 8. and G. Y. Li. 1994. Simultaneous occurrence of fumonisin Bsub(1) and other mycotoxins in
moldy corn collected from the People's Republic of China in regions with high incidences of esophageal
cancer. Appl.Environ.Microbiol 60:847-852.

Chulze, S. N., M. L. Ramirez, M. C. Farnochi, M. Pascale, A. Visconti, and G. March. 1996. Fusarium
and fumonisin occurrence in Argentinian corn at different ear maturity stages. J.Agric.Food Chem 44:2797-

2801.
Clear, R. M. and D. Abramson, 1986. Occurrence of Fusarium head blight and deoxynivalenol (vomitoxin)

in two samples of Manitoba wheat in 1984.Can.Plant Dis.Surv. 66:3-11.
Clear, R. M. and S, K. Patrick. 1990. Fusarium species isolated from wheat samples containing tombstone
(SCAB) kernels from Oatario, Manitoba, and Saskatchewan.Can.].Plant Sci.Rev.Can.Phytotech. 70:1057~

1069.
Clear, R. M. and S, K. Patrick. 2000. Fusarium head blight pathogens isolated from fusarium-damaged

kernels of wheat in western Canada. Can.J.Plant Pathol. 22:51-60.
Clement, J. A. and D. W. Parry. 1998. Stem-base disease and fungal colonisation of winter wheat grown in
compost inoculated with Fusarium culmorum, F. grammeamm and M1crodochmm nivaleEur.J Plant Patho[

104:323-330.
Comerio, R. M., P. Fernandez, V, and G. Vaamonde. 1999. Influence of water actmty on deotymvaleno{

accumulation in wheat. Mycotoxin Research 15:24-32.

Cook, R. Y. 1981. Fusarium diseases of wheat and other small grains in North Amenca p. 39 52.InP.E.
Nelson, T. A. Toussoun, and R. I. Cook (eds.}, Fusarmm B Dlseases Biology and Taxonomy. Pensilvania
Stae University Press, University Park.

Cook, R. J. 198 1. Water relations in the biclogy of Fusarium, p. 236-244. In P, E. Nelson, T. A Toussoun
and R. J. Cook (eds.), Fusanum D1seases Biology and Ta‘{onomy Pensilvania State Unzversxty Press

Umversxty Park.
Cotten, T. K. and G. P. Munkvold. 1998. Survival of Fusarium momhf’orme F. prohferatum andF

subglutinans-in Maize Stalk Residue. Phytopathology 88:550-555.
Couture, L. 1982. (Receptivity of Spring Cereal Cultivars and Seed Contamination by Fusarmm Sp.).

Can.J.Plant Sc1 62:29-34,

Criseo, G., R. Guerrisi, M. A. Medici, L. Pernice, and C. Urzi. 1989. 12-13,epoxytrichothecenes and

zearalenone production by Fusarium isclated from Sicilian cereals. Microbiologie Aliments Nutrition7:157-

160.

Cvirn, G., M. Murkovic, W. Pfannhauser, H. Lew, and W. Lindner. 1994. Zearalenon uad

Deoxynivalenol in oesterreichischem Getreide. Mitteilungen aus dem Gebiete der Lebensmitteluntersuchung

und Hygiene 85:728-736.

D' Mello, J. P. F., A. M. C. Macdonald, D. Postel, W, T. P. Dijksma, A. Dujardin, and C. M. Placinta.

1998. Pesticide use and mycotoxin production in Fusarium and Aspergillus phytopathogens.Eur_J Plant

Pathol. 104:741-751.

D'Mello, J.P.F., A. M. C. Macdonald, and W. T, P. Dijksma. [958, 3 -Acety! deoxynivalenol and

esterase production in a fungicide-insensitive strain of Fusarium culmorun. Mycotoxin Researchl4:9-18.
D'Mello, J. P. F., A. M. C. Macdonald, D. Postel, and E. A. Hunter, 1997. 3-Acetyl deoxynivalenol

production in a strain of Fusarium culmorum insensitive to the fungicide difenoconazole. Mycotoxin

Research 13:73-80.
Davis, R. M., F. R. Kegel, W. M. Sills, and J. J. Farrar. 1989. Fusarium ear rot of corn. Calif Agric. 43:4-

5.

de la Pena, R. C., K, P. Smith, F. Capettini, G. J. Muehlbauer, M. Gallo-Meagher, R. Dill-Macky, D

A. Somers, and D. C. Rasmusson. 1999. Quantitative trait loci associated with resistance to Fusarium head
blight and kernel discoloration in barley. Theor. Appl.Genet.99:561-569.

de Leon, C. and 8. Pandey. 1989. Improvement of resistance to ear and stalk rots and agronomic traits in
tropical maize gene pools. Crop Sc¢i. 29:12-17.

De Nijs, M., P. Soentoro, E. Delfgou-Van-Asch, . Kamphuis, F. M. Rombouts, and S. H. W.
Notermans. 1996. Fungal infection and presence of deoxynivalenol and zearalenone in cereals grown in The

Netherlands. J.Food Prot. 59:772-777.

Client Ref. C03009
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004

S

v


http:subglutinans.in
http:39-52.Jn

114.
115.
116.
117.
118.
118

120.

130,

131

Page 48 of 61

DeLacy, I. H., S. Rajaram, M. Cooper, P. N. Fox, and K. E. Basford. 2000. The effect of the
accumulation of disease resistance genes on the long-term association of a global sample of environments for
testing spring bread wheat. Theor. Appl.Genet. 101:1164-1172.

Desjardins, A. E., R. D, Plattner, M. Lu, and L. E. Claflin. 1998. Distribution of fumonisins in maize ears
infected with strains of Fusarium moniliforme that differ in fumonisin production. Plant Dis.82:953-958.
Dexter, J. E., R. M. Clear, and K. R. Preston. 1996. Fusarium head blight: effect on the milling and baking

of some Canadian wheats. Cereal Chem, 73:695-701.
Dexter, J. E. and N. M. Edwards. 1998. The implications of frequently encountered grading factors on the

processing quality of durum wheat, Bulletin Oct.,7165-7171.

Diamond, H. and B. M. Cocke. 1999. Towards the development of a novel in vitro strategy for early
screening of Fusarium ear blight resistance in adult winter wheat plants.Eur.J.Plant Pathol. 103:363-372.
Diehl, T. and H. Fehrmann. 1989. Wheat fusarioses - influence of infection date, tissue injury and aphids
on leaf and ear attack. Z Pflanzenkr.Pflanzenschutz. 36:393-407.

Dill-Macky, R. and R. K. Jones. 2000. The Effect of Previous Crop Residues and Tillage on Fusariur
[Head Blight of Wheat. Plant Dis. 84:71-76.

Poko, M. B,, S. Raplor, A. Visconti, and J. E. Schjoth. 1995, Incidence and levels of fumonisin
contamination in maize genotypes grown in Europe and Africa. J.Agric.Food Chem 43:429-434.

Doko, M. B. and A. Viscoati. 1994. Occurrence of fumonisins Bsub(1) and B sub(2) in corn and corn-
based human foodstuffs in [taly. Food Addit.Contam. 11:433-439.

Doohan, F. M., A. Mentewab, and P. Nicholson. 2000. Antifungal Activity Toward Fusarium culmorum in

. Soluble Wheat Extracts. Phytopathology 90:666-671..
Dowd, P, F. 2000. Indirect Reduction of Ear Molds and Associated Mycotozms in Bacillus thuringiensis

- Corn Under-Controlled and Open Field Conditions: Utility and Limitations..J.Econ.Entomol. 93: 1669-1679.

Dowd, P. F., G. A. Bennett, M. R. McGuire, T. C. Nelsen, B. 8. Shasha, and F. W. Simmons. 1999.
:Adherent Malathion Flour Granules as an Environmentally Selective Control for Chewing Insect Pests of
Dent Corn Ears: Indirect Reduction of Mycotoxigenic Ear Molds. J.Econ.Entomol. 92:68-75.

Dowd, P. F., R. L. Pingel, D. Ruhl, B. S. Shasha, R. W. Behle, D. R Penland, M. R. McGuire, and E. J
Faron, II, 2000, Multiacreage Evaluation of Aerially Applied Adherent Malathion Granules for Selective
-Insect Control and Indirect Reduction of Mycotoxigenic Fungi in Specialty Corn. J.Econ.Entomol.93:1424-

-1428.
Draughon, F. A, and D, C, Churchville. 1985. Effect of pesticides on zearalenone production in culture

. and in corn plants. Phytopathology 75:553-556.

Duvick, J. 2001. Prospects for reducing fumonisin contamination of maize through genetic modification.

. Environmental Health Perspectives 109:337-342.

Duvick, J. 2001, Prospects for reducing fumonisin contamination of maize through genetic modification.
Environmental Health Perspectives 109:337-342.,

Duvick, J., Maddox, J., Reod, T., Wang, X., Bowen, B., and Gilliam, J. 2000 Fumonisin detoxification
compositions and methods. International, Pioneer Hi-Bred and Inc. [US Patent: 6025188]

Duvick, J. P, T. Rood, R. A. Gururaj, and D. R. Marshak. 1993, Purification and characterization ofa
novel antimicrobial peptide from maize (Zea mays L.) kemels. J.Biol.Chem.267:18814-18820.

Edel, V., C. Steinberg, N. Gautheron, and C. Alabouvette. 1997. Populations of nonpathogenic Fusarium
oxysporum associated with roots of four plant species compared to soilborne populations.Phytopathology

87.693-697.
Edwards, S. G., S. R. Pirgozliev, M. C. Hare, and P. Jenkinson. 2001. Quantification of trichothecene-

producing Fusarium species in harvested grain by competitive PCR to determine efficacies of fungicides
against Fusarium head blight of winter wheat. Appl.Eaviron.Microbiol.67:1575-1580.

Eilen, J. and C, J. Langerak. 1987 Effects of plant density and nitrogen fertilization in winter wheat
(Triticum aestivum L.). 2. Incidence of Gerlachia nivalis and Fusarium spp. related to yield losses.
Neth.J.Agric.Sci. 35:155-162.

Eimholt, S. 1996. Microbial activity, fungal abundance, and distribution of Penicillium and Fusarium as
bioindicators of a temporal development of organically cultivated soils. Biol. Agric.Hortic. 13:123-140.

Client Ref. C03009
Doc. Ref. CCPD(G_54784_FinalSOR_FSA March 2004



http:Biol.Agric.Hortic.l3
http:J.Econ.Entomol.93
http:J.Econ.Entomol.93

132,

133.

139.
140.
141,
142.

143,

[44.

£435.

146.

147.

148.

149,

Page 49 of 61

Emerson, P. M. and R, B. Hunter. 1980. Response of maize hybrids to artifically inoculated ear mold

incited by Gibberella zeae. Can.J Plant.Sci. 60:1463.
Escoula, L. 1979. Fusarium graminearumdans les ensilages. Production de zearalenone. Ann.Rech.Vet.

10:6135-617.
Etchevers, G. C., Q. J. Banasik, and C. A. Watson. 1977. Microflora of barley and its effects on malt and

beer properties: a review. Brewers' Digest 52:46-50.
Eurostat. 2001. Eurostat Yearbook. Office for Official Publications of The European Communities,

Luxembourg.

Evans, C. K., W. Xie, R. Dill-Macky, and C. J. Mirocha. 2000. Biosynthesis of Deoxynivalenol in
Spikelets of Barley Inoculated with Macroconidia of Fusarium graminearum. Plant Dis.84 :654-660. =% -
Fehrmann, H. and W. Ahrens. 1984. Attack of wheat by Septoria nodorum and Fusarium ear scab. II-
Spraying curatively active fungicides. Z.Pflanzenkr.Pflanzenschutz.91:113-121. S
Feng, Q. L., W. L. Yu, Y. L. Xue, and T. Yoshizawa. 2002. Fusarium toxins in wheat from an area in~ -
Henan Province, PR China, with a previous human red mould intoxication episode.Food Addit. Contam :

19:163-167. -
Férnandez, M. R. 1991. Recovery of Cochliobolus satwus and Fusarium graminearum from living and dead

wheat and nongramineous winter crops in southern Brazil. Can. J.Bot.J.Can.Bot. §9: 1900-1%06. S
Fernando, W. G. D., J. D. Miller, W, L. Seaman, K. Selfert and T.-C. Paulitz. 2000, Daily and seasonal
dynamics of mrbome spores of Fusarium graminearum and other Fusarium species sampled over wheat plots.
Can.J.Bot.Rev.Can.Bot. 78:497-505.

Flanagan, B., R. N. Okagbue, R. Khalid, and C. X. Tech. 1982. Mould flora of malt in production and

storage. Brewing & Distilling International 12:31-33.

Foley, D. C. 1962. Systemic infection of corn by Fusarium moniliforme. Phytopathology. 68:1331.

Francl, L., G. Shaner, G. Bergstrom, J. Gilberf, W. Pedersen, R. Dill-Macky, L. Sweets, B. Corwin, Y.
Jin, D. Gallenberg, and J. Wiersma. 1599. Dally inoculum levels of Gibberella zeae on wheat sp:kes Plant
Dis 83:662-666.

Furlong, E. B., L. M. Valéate-Soares, C. C. Lasca, and E Y. Kohara. 1995. Mycotoxins and fungi in
wheat stored in elevators in the state of Rio Grande do Sul, Brazil. Food Addit.Contam. 12:683-688.
Gareis, M. and J. Ceynowa. 1994 Einfluss des fungicids Matador (Tebuconazole/Triadimenol) auf die
Mykotoxinbildung durch Fusarium culmorum. Zentschnft fuer Lebensmittel Untersuchung und Forschung
198:244-248,

Gendloff, E. H., E, C. Rossman, W. L. Casale, T. G. Isleib, and L. P. Hart. 1986, Components of
resistance to Fusarium ear rot in field com. Phytopathology 76:684-683.

Ghosh, J., B. Nandi, and N. Fries. 1981. Deterioration of stored wheat caused by fungal infection under
different conditions of temperature and relative humidity. Zeitschrift fuer Pflanzenkrankheiten und
Pflanzenschutz 88:9-17.

Gilbert, J., M. J. Shepherd, and J. R. Startin. 1983. A survey of the occurrence of the trichothecene
mycotoxin deoxynivalenol (vomitoxin) in UK grown barley and in imported maize by combined gas
chromatography-mass spectrometry. J.Sci.Food Agric.34:36-92.

Gilbertson, R. L., W. M. Brown, Jr.,, and E. G, Ruppel. 1983. Prevalence and virulence of Fusarium spp.
associated with stalk rot of com in Colorado. Plant Dis. 69:1065-1068.

Gilbertson, R. L., W. M. Brown, Jr., E. G. Ruppel, and J. L. Capinera. 1986. Association of comn stalk
rot Fusarium spp. and Western comn roctworm beetles in Colorado. Phytopathology 76:1309-1314,
Girslamo, A. d., M. Solfrizzo, and A. Visconti. 2001. Effect of processing on fumonisin concentration in
com flakes. J.Food Prot. 64:701-705.

Goepp, K., S. Zaake, and V. Hertzsch. 1971. Der Einfluss von Mikroorganismen aufdie Lagerung und
Vermalzung auf Braugerste. Monatsschrift fuer Brauerei24:153-160.

Grabarkiewicz, S. J., M. Kostecki, P. Golinski, and 1. Kiecana. 2001. Fusariotoxins in kemels of winter
wheat cultivars field samples collected during 1993 in Poland. Nahrung43:28-30.

Grausgruber, H., M. Lemmens, H. Buerstmayr, and P. Ruckenbauer. 1999, Resistance of *Chinese
Spring' substitution [ines carrying chromosomes from "Cheyenne', "Hope' and 'Lutescens 62° wheats to head

blight caused by Fusarium culmorum, Hereditas 130.

Client Ref. C03009
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004

e

o

i
R



O

155.

156.
157.

159.
160.
1581.

162.

163
164..
165.
166.

167
168.
165.
170.

171.
172,

173.
174.

175.
176.

177.

178.

179.

Page 50 of 61

Grewal, H. S., R, D. Graham, and Z. Rengel. 1996. Genotypic variation in zinc efficiency and resistance to
crown rof disease (Fusarium graminearum Schw. Group 1) in wheat. Plant Soil186:219-226.

Gross, V. J. and J. Robb. 1975, Zearalenone production in barley. Ann.Appl.Biol. 86:211-216.

Gussin, E. J. and J. M. Lynch. 1983. Root residues: Substrates used by Fusarium culmorum to infect wheat,
barley and ryegrass. J.Gen.Microbiol. 129:271-275.

Gutema, T., C. Munimbazi, and L. B. Bullerman. 2000. Occurrence of fiumonisins and moniliformin in
corn and corn-based food products of U.S. origin. J.Food Prot. 63:1732-1737.

Haikara, A., V. Maekinen, and R. Hakulinen. 1977. On the microflora of barley after harvesting, during
storage and in malting. Proceedings of the European Brewery Convention; 16th Congress 35-46.

Hatmanu, M. 1972. Epiphytotics caused by Fusarium graminearum Scw and factors favouring them. Lucari
stiintifice, I [asi Rumania Inst Agron I Ionescu de fa Brad 157.

Headrick, J. M. and J. K. Pataky. 1989. Resistance to kernel infection by Fusarium moniliforme in inbred
lines of sweet corn and the effect of infection on emergence. Plant Dis.73:387-892.

Headrick, J. M., J. K. Pataky, and J. A. Juvik. 1990. Relationships among carbohydrate content of
kernels, condition of silks after pollination, and the response of sweet comn mbred lmes to infection of kernels

by Fusarium meniliforme. Phytopathology 80:487-494,

" Health Council of the Netherlands. 2001. Deoxymvalenol {DON); pubhcatlon no. 2001/235 Health

Council of the Netherlands, The Hague.
Henderson, S. 1987. A mean moisture content ethbnum relative humidity relationship for nine varieties of

wheat. J.Stored Products Res. 23:143-147,
Hernandez, M. C., B. Sacher, and W. Back 2000 [Studies on the Fusarium problem with brewmcr wheat.].

Brauwelt 140:1385-1392. -

Heyland, K. U. and J. Kuehnhold. 1984. Foot rot attack and its influence on the yield formation of winter
wheat in extreme cereal rotations. Z Pflahzenkr.Pflanzenschutz.91:354-371. .

Hinton, D. M. and C. W. Bacon. 1993. Entcrobacter cloacae is an endophytlc symbiont of corn.
Mycopathologia 129:117-125. - -

Hormdork, S., H. Fehrmann, and R. Beck. 2000. Effects of field app[xcatlon of tebuconazole on y1eld
yield components and the mycotoxin content of Fusarium-infected wheat grain. J Phytopathol 148:1-6.
Hormdork, S., H, Felirmann, and R. Beck 2000. Influence of different storage conditions on the
mycotoxin production and quality of Fusarium-infected wheat grain. J.Phytopathol.148:7-15.

Hunter, R. B. and J. C. Satton. 1985. Plant resistance and environmental conditions, p. 62. /7 P. M. Scott,
H. L. Trenholm, and J. C. Sutton {eds.), Mycotoxins, a Canadian perspective. NRCC No. 22848, Ottawa.
Hurburgh jr.C.R. 1995 Mycotoxins in the grain market. World Grain, 26,28-31. 13-10-1995.

Hutcheon, J. A. and Jordan, V. W. L. 1992 Fungicide timing and performance for Fusarium control in
wheat. . Proc.BCPC Conference Pests and Diseases 1992, 633-638. 1992 ’

Huynh, Q. K., C. M. Hironaka, E. B. Levine, C. E. Smith, J. R. Borgmeyer, and D. M. Shah. 1992,
Antifungal proteins from plants. Purification, molecular cloning, and antifungal properties of chitinases from
maize seed. J.Biol.Chem. 267:6635-6640.

International Agency for Research on Cancer. 1993, IARC Monographs on the evaluation of carcinogenic
risk to humans: Some naturally occurring substances: food items and constituents, heterocyclic aromatic
amines and mycotoxins, p. 445-466.TARC, Lyon.

Ittu, ML, N. N. Saulescu, I. Hagima, G. Ittu, and P. Mustatea. 2000. Association of Fusarlum Head Blight
Resistance with Gliadin Loci in a Winter Wheat Cross. Crop Sci. 40:62-67.

Ivakhnenko, A. N., Y. Dudka, G. M. Zhurba, and V. N. Borisov. 1983. Breeding of early maturing corn
hybrids for resistance to fusarial rot. Dokl Vaskhnil. [5-16.

Jackson, L. S., J. J. Hlywka, K. R. Senthil, L. B. Bullerman, and S. M. Musser. 1996. Effects of time,
temperature, and pH on the stability of fumonisin Bl in an aqueous model system. J.Agric.Food Chem.
44:906-912.

Jackson, L. 5., 8. K. Katta, D. D. TFingerhut, J. W, DeVries, and L. B. Bullerman. 1997. Effects of
baking and frying on the fumonisin B content of corn-based foods. I.Agric.Food Chem.43:4800-4805.
Jarosik, V., E. Kovacikova, and H. Maslowska. 1996. The influence of planting location, plant growth
stage and cultivars on microflora of winter wheat roots, Microbiol.Res.151:177-182.

Client Ref. C03009
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004




57
188.
189,
190. .

191.
192.

194.
195.
196.
197.
198.

199.
200.

201,

202

Page 51 of 61

Jauhar, P. P, and R. N. Chibbar. 1999. Chromosome-mediated and direct gene transfers in wheat. Genome
42:570-583.

Jenkinson, P. and D. W. Parry. 1994, Isolation of Fusarium species from common broad-leaved weeds and
their pathogenicity to winter wheat. Mycol.Res.98:776-780.

Jenkinson, P. and D. W, Parry. 1994. Splash dispersal of conidia of Fusarium culmorum and Fusarium
avenaceum, Mycol.Res. 98:506-510.

Jennings, P. 2002. Contro!l of the fungus through use of fungicides, p. 22-24./n O. E. Scholten, P.
Ruckenbauer, A. Visconti, W. A. van Osenbruggen, and den Nijs A.P.M. (eds.), Food safety of Cereals: A
chain-wide approach fo reduce Fusarium mycotoxins. Final Report of Elfproject FAIR-CT-98-4094,
Jennings, P., J. A. Turner, and P. Nicholson. 2000. Overview of Fusarium ear blight in the UK - effect of
fungicide treatment on disease control and mycotoxin production. Proc. BCPC Conference Pests and Diseases

2000 2:707-712.
Jenny, E., A. Hecker, P. Kessler, C. Kuelling, and H. R: Forrer. 2000. Susceptibility of Swiss wheat

cultivars to fusaria. AgrarForschung 7:270-273.

. Jensen, B., I. M. Knudsen, and D. F. Jensen. 2000. Biological SeedTreatment of Cereals with Fresh and”

Long-term Stored Forniulations of Clonostachys rosea: Blocontrol EfﬁcacyAaamst Fusarmm culmorum,
Eur.J.Plant Pathol. 106:233-242. o
Jimenez, M., M. Manez, and E. Hernandez. 1996. Influence of water activity and temperature on the
production of zearalenone in corn by three Fusarium species. Int.J.Food Microbiol. 29 :417-421.

Jones, R. K. 1999. Seedling Blight Development and Control in SprmU Wheat Damaaed by Fusarium

graminearum Group 2. Plant Dis. 83:1013-1018.

Jones, R. K. 2000. Assessments of Fusarium bead bhﬂht of wheat and bar[ey in response to fingicide
treatment. Plant Dis. 84:1021-1030.

Jones, R. K. and C. J. Mirocha. 1999. Quality parameters in small Grams from anesota affected by
Fusarium head blight. Plant Dis. 83:506-511.

Jonsson, N. 1996, Konserva och lagra spannmal pa ritt sitt! Jordbrukstekniska institutet, Uppsala
Katta, 8. K., A, E. Cagampang, L. S, Jackson, and L. B. Bullerman, 1997, Distribution of Fusarium
molds and fumeoenisins in dry-milled corn fractions. Cereal Chem.74:858-863,

Katta, S, K., L. S. Jackson, S, S. Sumner, M. A. Hanna, and L. B. Bullerman. 1999. Effect of
temperature and screw speed on stability of fumonisin B1 in extrusion-cooked corn grits. Cereal Chem.
76:16-20. .
Kempf, H. J. and G. Wolf, 1989. Erwinia herbicola as a biocontrol agent of Fusarium culmorum and
Puccinia recondita £. sp. tritici on wheat. Phytopathology 79:990-994.

Khonga, E. B. and J. C. Sutton. 1986. Survival and inocutum production of Gibberela zeae in wheat and

maize residues. Can I Plant Pathol 8:531.
Kinaci, E. 1984. Monitoring wheat root and foot rots in central Anatolian region of Turkey.J. Turkish

Phytopathol. 13:71-74.
King, 5. B. 1981. Time of Infection of Maize Kemels by Fusarium moniliforme and Cephalosporium

acremonium. Phytopathology 71:796-799.

Kirkegaard, J. A., P. T. W. Wong, and J. M. Desmarchelier. 1996. In vitro suppression of fungal root
pathogens of cereals by Brassica tissues. Plant Pathol, 45:593-603.

Klaasen, J. A., F. N. Matthee, W. F. O. Marasas, and D. J. van Schalkwyk. 1991. Comparative isolation
of Fusarium species from plant debris in soil and wheat stubble and crowns at different locations in the
southern and western Cape. Phytophylactica23:299-307.

Knudsen, 1. M. B., J. Hockenhull, and D. F. Jensen. 1995. Biocontrol of seedling diseases of barley and
wheat caused by Fusarium culmorum and Bipolaris sorokiniana: Effectsof selected fungal antagonists on
growth and yield components. Plant Pathol. 44:467-477.

Koch, N. and W, Huth. 1997. Interaction of barley yellow dwarf virus and Fusarium culmorum (W. G. Sm.)
Sacc. in winter wheat. J.Phytopathol. 145:425-428.

Kovacs, K., G. Kovacs, and A, Mesterhazy. 1994. Expression of resistance to fusarial ear blight in corn

inbreds and their hybrids. Maydica 39:187-190.

Client Ref. C03008
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004

ot

Y


http:22-24.Jn

Page 52 of 61

203. Krebs, H., D. Dubois, C. Kuelling, H. R. Forrer, B. Streit, S. Rieger, and W. Richner. 2000. Effect of
preceding crop and tillage on the incidence of Fusarium spp. and mycotoxin deoxynivalenol content in winter
wheat grain. AgrarForschung 7:264-268.

204, L'-vova, L. A., M. D. Omel'-chenko, N. Y. Orlova, V. V, Pimenova, and K. L Eller. 1992. Occurrence
and specific features of the formation of zearalenone in scabby wheat. Prikl. Biokhim.Mikrobiol.28:261-268.

205. L'-Vova, L. S., M. D. Omel'-chenko, V. V. Pimenova, L. P. Zakharova, O. L. Obol'-sky, T. V.
Aristarkhova, K. L. Eller, and Z. K. Bystryakova. 1994, Formation of mycotoxins in Fusarium-infected
wheat under infavorable conditions of harvesting. Prikl.Biokhim.Mikrobiol.30:686-694.

206. L'-Vova, L. S., N. Y. Orlova, Z. K. Bystryakova, M. D. Omel'-chenko, and V. V. Remele. 1593,
Distribution of toxigenic fungi and mycotoxins in various grains. Prikl. Biokhim.Mikrobiol.29:70-79.

207. Lamprecht, S. C., W. F. O. Marasas, P. S, Knox-Davies, and F. J. Calitz. 1990. Incidence of Fusarium
species in different cropping systems of annual Medicago species and wheat. Phytophylactica22:69-76.

208. Langseth, W. and O. Elen. 1997. The occurrence of deoxynivalenol in Norwegian cereals - differences

_between years and districts, 1988-1996. Acta Agriculturae Scandinavica Section B47 :176-184. -

209. Langseth, W., R. Hoie; and M. Gullord. 1995. The influence of cultivars, location and climate on

deoxynivalenol contamination in Norwegian oats 1985-1990. Acta Aﬂrlculturae Scandmawca Section B
© 45:63-67.

210. Langseth, W., B. Kosiak, P. E. Clasen, M. Torp, and M. Gareis. 1997. Toxicity and occurrence of*

Fusarium species and mycotoxins in late harvested and overwintered grain from Norway, 1993.

I Phytopathol. 145:409-416.
211, Langseth, W. and H. Stabbetorp. 1996. The effect of lodging and tu'ne of harvest .on deoxynivalenol

contamination in barley and oats. J.Phytopathol. 144:241-245.

212. Lanpseth, W., H. Stenwig, L. Sogn, and E. Mo. 1993. Growth of moulds and productmn of mycotoxins in
wheat during dryma and storage. Acta Agriculturae ScandinavicaB.43:32-37.

213. Lasztity, R., K. Tamas, and, L. Woeller. 1977. Occurrence of Fusarium mycotoxins in some Hungarian
corn crops and the possibilities of detoxication. Annales de la Nutritionet de I‘Alimentation 31:495-498.

214. Lauren, D. R. and W. A. Smith. 2001. Stability of the Fusarium mycotoxins nivalenol, deoxynivalenol and -

zearalenone in ground maize under typical cooking environments.Food Addit.Contam. 18:1011-1016.
215. Lee,U.S., H. 8. Jang, T. Tanaka, Y. J. Oh, C. M. Cho, and Y. Ueno. 1987. Effect of milling on
decontamination of Fusarium mycotoxins nivalenol, deoxynivalenol, and zearalenone in Korean wheat.

J.Agric.Food Chem. 35:126-129.
218. Lengauer, E., H. Lew, and J. Wimmer. 1978, Zearalenon-B[IdunU bei Koernermais auf dem Feld. Getreide

32 :55-58.

217. Lengkeek, V. H. 1980. Efficacy of chemical control of stalk and ear rot of corn in South West Kansas
Fungicide and nematicide test. Field Cereal Dis.Rep. 36:83.

218. Lepschy, v. J,, R. Dietrich, E. Maertlbauer, M. Schuster, A. Suess, and G. Terplan. 1989. A survey on
the occurrence of Fusariwum mycotoxins in Bavarian cereals from the 1987 harvest. Zeitschrift fiter
Lebensmittel Untersuchung und Forschung188:521-526.

219. Lepschy, v. G. and A. Suess. 1996. Verteilung des Trichothecenmykotoxins Deoxynivalenol bei der
Vermahlung von Weizen. Getreide 50:340-342.

220. Lew, H. 1995. Mykotoxinbelastung von Getreide und Konsequenzen fuer seine Verarbeitung. Getrelde

49:16-19.
221. Lew, H., A. Adler, and W. Edinger. 1991. Moniliformin and the European corn borer (Ostrinia nuhilalis).

Mycotoxin Research 7A:7-76.

222. Lew, H., J. Chelkawski, P. Pronczuk, and W. Edinger. 1996. Occurrence of the mycotoxin moniliformin
in maize (Zea mays L.) ears infected by Fusarium subglutinans (Wollenw. & Reinking) Nelson et al. Food
Addit.Contam. 13:321-324.

223. Lipps, P. E. and 1. W. Deep. 1991, Influence of tillage and crop rotatien in yield, stalk sot and recovery of

Fusarium and Trichoderma spp. from corn. Plant Dis. 75:828.
224, Liu, W., W. Langseth, H. Skinnes, O. N. Elen, and L. Sundheim. 1997, Comparxson of visual head blight

ratings, seed infection levels, and deoxynivalenol production for assessment of resistance in cereals
inoculated with Fusarium culmorum. Eur.J.Plant Pathol. 103:589-595.

Client Ref. C03009
Doc. Ref. CCPDG_54784 FinalSOR_FSA March 2004



http:ofharvest.on

225,

226.
227.
228.

229,

234,

235.

236.

237.

238,

240,

241.

242,

243.

Page 53 of 61

Logrieco, A., A. Moretti, A, Ritieni, A. Bottalico, and P. Corda. 1995. Occurrence and toxigenicity of
Fusarium proliferatum from preharvest maize ear rot, and associated mycotoxins, in Italy. Plant Dis.79:727-

731.

Lori, G. A. and M. N. Sisterna. 2001. Occurrence and distribution of Fusarium spp. associated with durum
wheat seed from Argentina. J.Plant Pathol. 83:63-67.

Love, G. R. and L. M. Seitz. 1987. Effects of location and cultivar on Fusarium head blight (scab) in wheat
from Kansas in 1982 and 1983. Cereal Chem. 64:124-128.

Lund, A., H. Pedersen, and P. Sigsgaard. 1971, Storage experiments with barley at different moisture
contents. J.Sci.Food Agric. 22:458-463.

Luo, Y., T. Yoshizawa, and T. Katayama. 1990. Comparative study on the natural occurrence of Fusarium
mycotoxing (trichothecenes and zearalenone) in corn and wheat from high- and low-risk areas for human
esophageal cancer in China. Appl.Environ.Microbiol. 56:3723-3726.

Ma, Z., B. J. Steffenson, L. K. Prom, and N. L. V. Lapitan. 2000. Mapping of Quantitative Trait Loci.for
Fusarium Head Blight Resistance in Barley Phytopathology 90:1079-1088.

Manninger, L. 1979 Resistance of maize i ear rot on the basis of natural infection and innoculation. Proc.
10" Meeting Eucarpia, Maize, Sorghum sec, 1979. Vama Bulgaria 181-184

Marin, 8., V. Homedes, V. Sanchis, A, J. Ramos, and N. Magan. 1999. Impact of Fusarlnm momhforme
and F. prohferatum colonisation of maize on calorific losses and fumonisin prociuctmn under different
environmental conditions. J.Stored Products Res. 35:15-26.

Marin, 8., N. Magan, M. Abellana, R. Canela, A. J. Ramos, and V. Sanchls 2000. Selective effect of
propionates and water activity on maize-mycoflora and 1mpact on fumomsm Bl accumulanou J Stored
Products Res. 36:203-214.

Marin, 8., N. Magan, N. Belli,"A. J. Ramos, R. Canela, and V. Sanchis, 1999 Tw0~d1mensmnal profiles
of fumonisin B sub(1) production by Fusarium moniliforme and Fusarium proliferatum in relation to
environmental factors and potential for modelling toxin formation in maize grain. Int.J.Food Mlcroblel
51:159-167. ‘

Marin, S., N. Magan, J. Serra, A. J. Ramos, R. Canela, and V. Sanchis. 1999, Fumomsm B1 production
and ar0wt!1 of Fusarium moniliforme and Fusarium proliferatum on maize, wheat, and barley grain. J.Food
Sci. 64:921-924,

Marin, S., V. Sanchis, R. Rull, A. J. Ramos, and N. Magan. 1998. Colonization of maize grain by
Fusarium moniliforme and Fusarium proliferatum in the presence of competing fungi and their irpact on
fumonisin production. I.Food Prot. 61:1489-1496.

Marin, S., V. Sanchis, D. Sanz, L. Castel, A. J. Ramos, R. Canela, and N. Magan. 1999. Control of
growth and fumonisin Bl production by Fusarium verticillioides and Fusarium proliferatum isolates in moist
maize with propionate preservatives. Food Addit.Contam. 16 ;555-563.

Marin, S., V. Sanchis, L. Vinas, R. Canela, and N. Magan. 1995. Effect of water activity and temperature
on growth and fumonisin Bsub{1) and B sub(2} production of Fusarium proliferatum and F. moniliforme on
maize grain. Lett. Appl.Microbiol. 21:298-301.

Martin, R. A. and H. W. Johnston. 1982. Effects and control of Fusarium disease of cereal grains in the
Atlantic provinces. Can.J.Plant Pathol. 4:210-216.

Mary, H., B. Gedek, and B. Kollarczik. 1995. Vergleichende Untersuchungen zum mykotoxikologischen
Status von ockologisch und konventionell angebautem Getreide, Zeitschrift fuer Lebensmittel Untersuchung
und Forschung 201:83-86.

Mateo, J. J., R. Mateo, and M. Jimenez. 2002. Accumulation of type A trichothecenes in maize, wheat and
rice by Fusarium sporotrichieides isolates under diverse culture conditions. Int.J.Food Microbiol. 72:115-
123.

Matsnura, Y. and T. Yoshizawa. 1985. Conversion of zearalenone, an estrogenic mycotoxin, by brewing
microorganisms. J.Food Hyg.Soc.Japan 26:24-28.

Matthies, A. and Buchenauer H. 2000. Effect of tebuconazole (Folicur) and prochloraz (Sportak)
treatments on Fusarium headscab development, yield and deoxynivalenol (DON) content in grains of
whweat following artificial inoculation withFusarium culmorum. Z.Pflanzenkr Pflanzenschutz. 107:33-52.

Client Ref. C03009
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004

S
km’é) ’

[



et ”

-

244.

245.

246.

2417.
248.
249.
..250,
2510

" 252

254,

Page 54 of 61

Matthies, A., F. Walker, and Buchenauer H. 1999. Interference of selected fungicides, plant growth
retardants as well as piperony!l butoxide and [-aminobenzotriazole in trichjothecene production ofFusarium
graminearum (strain 4528) in vitro. Z.Pflanzenkr.Pflanzenschutz. 106:198-212.

McMullen, M., R. Jones, and D. Gallenberg . 1997. Scab of wheat and barley: A re-emerging disease of
devastating impact. Plant Dis. 81:1340-1348.

Meekes, E. T. M. and J, K6hl. 2002. Risk factors in Fusarium head blight epidemics, In O. E. Scholten, P.
Ruckenbauer, A. Visconti, W. A. van Osenbruggen, and den Nijs A P.M. (eds.), Food safety of Cereals: A
chain-wide approach to reduce Fusarium mycotoxins. Final Report of EUproject FAIR-CT-98-4094.
Melcion, D., B. Cahagnier, B. Bakan, and M. D. Richard. 1998. [nfluence of temperature on fumonisin
B1 production on maize grain by Fusarium proliferatum. Sciences des Aliments18:301-311,

Mesterhazy, A. 1984, A laboratory method to predict pathogenicity of Fusarium graminearum in field and

resistance of wheat to scab. Acta Phytopathol. Hung. 19:-4, pp.
Mesterhazy, A. 1987. Selection of head blight resistant wheats through improved seediing resistance. Plant

Breeding 98:25.

Mesterhazy, A, T. Bartok, C. G. Mirocha, and R. Komoroczy. 1999. Nature of wheat resistance to
Fusarium head blight and the role of deoxynivalenol for breeding. PlantBreeding 118:97-110.
Mesterhazy, A., L. Csosz, K. Manninger, and Z. Barabas. 1991. Vertical resistance or tolérance, a
methodical challenge? Acta Phytopathol Entomol.Hung.26:271-279.

Mesterhazy, A. and K. Kovacs. 1986. Breeding corn against fusarial stalk rot, "ear rot and seedling blight.

Acta Phytopathol. Entomol. Hung. 21:231-249.

. Meyer, D., D, Weipert, and H, Mielke. 1986. Beemﬂussunrr der Quahtaet von Welzen durch den Befall mit

Fusarium culmorum Getreide40:35-39, .
Miedaner, T. 1997. Breeding wheat and rye for reszstanca to Fusanum diseases. PlantBreedmo 116:201-

., 220,
255.

Miedaner, Y. 2002. Breeding for resnstance to Fusarium spp. in wheat, p. 7-16./n O. E. Scholten P.
Ruckenbauer, A. Visconti, W. A. van Osenbruggen, and den Nijs A.P.M. (¢ds.), Food safety’ of Cereals: A

. chain-wide approach to reduce Fusarium mycotoxins. Final Report of EUproject FAIR-CT-98-4094,

256.
257,
258.
259,
260,

261.

262.

264.
263.

266.

Miedaner, T., C. Reinbrecht, U. Lauber, M. Schollenberger, and H. H. Geiger. 2001, Effects of
genotype and genotype-environment interaction on deoxynivalenol accumulation and resistance to Fusarium
head blight in rye, triticale, and wheat, Plant Breeding 120:57-103.

Miedaner, T. and A. G. Schilling. 1996. Genetic variation of aggressiveness in individual field populations .
of Fusarium graminearum and Fusarium culmorum tested on young plants of winter ryeEur.J.Plant Pathol.

102:823-830.
Miedaner, T. and H. Walther. 1987. Evaluation of Fusarium resistance in wheat ears.

Z.Pflanzenkr Pflanzenschutz. 94:337-347.
Mihuta-Grimm, L. and R. L. Forster. 1989. Scab of wheat and barley in souther Idaho and evaluation of

seed treatments for eradication of Fusarium spp. Plant Dis, 73:769-771.

Milano, G. D. and T. A. Lopez. 1991. Influence of temperature on zearalenone production by regional
strains of Fusarium graminearum and Fusarium oxysporum in cuitureInt.J.Food Microbiol. 13:329-334.
Miller, J. D. 200!. Factors that affect the occurrence of fumenisin. Environmental Health Perspectives
169:2.

Miller, J. D. and M, A. Ewen. 1997, Toxic effects of deoxynivalenol on ribosomes and tissues of the spring

wheat cultivars Frontana and Casavant. Nat. Toxins3:234-237.

. Miller, J. D., J. C. Young, and D. R. Sampson. 1985. Deoxynivalenol and Fusarium head blight resistance

in spring cereals. Phytopathol.Z. 113:359-367.
Milus, E. A. and C. E. Parsons. 1994. Evaluation of foliar fungicides for controlling Fusarium head blight

of wheat. Plant Dis. 78:657-699.
Ministry of Agriculture Fisheries & Food. 1995. Surveillance for fumonisins in maize-based foodstuffs,

Stationery Office, London.
Ministry of Agriculture Fisheries & Food. 1999. Survey for aflatoxins, ochratoxin A, fumonising and

zearalenone in raw maize. Stationery Office, London.

Client Ref. C03009
Doc. Ref. CCFDG_54784_FinalSOR_FSA March 2004



Page 55 of 61 : ‘“} ‘

267. Mirecha, C. G., S. V. Pathre, R. J. Pawlosky, and D. W. Hewetson. 1979, Zearalenone, deoxynivalenol
and T-2 toxin associated with stalk rot of corn. Appl.Environ.Microbiol. 38:557-558.

268. Mirocha, C. J., W. Xie, Y. Xu, R. D. Wilcoxson, R. P, Woodward, R. H. Etebarian, and G. Behele.
1994. Production of trichothecene mycotexins by Fusarium graminearum and Fusarium culmorum on barley
and wheat. Mycopathologia 128:19-23.

269. Montani, M. L., G. Vaamonde, S. L. Resnik, and P, Buera. 1988. Influence of water activity and
temperature on the accumulation of zearalenone in comn.Int.)J.Food Microbiol. 6:1-8.

270. Moschini, R. C. and C. Fortugno. 1996. Predicting wheat head blight incidence using models based on
meteorological factors in Pergamino, Argeatina. Eur.J Plant Pathol. 102:211-218.

271. Moubasher, A. H., M. B. Mazen, and A. . I. Abdel-Hafez. 1984. Studies on the genus Eusarium in Egypt.
I1L. Seasonal fluctuations of Fusarium in the thizeplane of five plants.Mycopathologia 85:161-163.

272. Maueller, H. M. and M. Thaler. 1981. Konservierung von Koernermais mit Methylpropionsasure und
Propionsaeure. Landwirtschaftliche Forschung Forschunggg-448. -

273. Mueller, H. M. and Thaler, M. 1981 Microflora and mycotoxins during ambient air drying of grain comn.
Proc. 92. VDLUFA-Kongress, Braunschweig FRG, 15-20 Sep 1980 403-415, -

274. Munkveld, G. B, R. L. Hellmich, and L. G. Rice. 1959, Comparison of fumonisin concentrations id -~

' kernels of transgenic Bt maize hybrids and nontransgenic hybrids. Plant Dis.83:130-138. i

275. Munkvold, G.P., R. L. Hellmich, and W. B. Showers. 1987, Reduced fusarfum ear rot and symptom!ess “; )

infection in kemels of maize ﬂenet:caliy enameered foreumpean corn borer resistarice. Phytopatholo =
87:1071-1077.

276. Murkovie, M., M. Gailhofer, W. Steiner, and W. Pfannhauser. 1997. Formation of zearalenone on wheat
contaminated with Fusarium graminearum under controlled conditions. Zeitschrift fuer Lebensmittel

- Untersuchung und Forschung A/Food Research ard Technology204:39-42.

277. Neira, M. S., A. M. Pacin, E, J. Martinez, G. Molto, and S. L. Resnik. 1997. The effects of bakery
processing on natural deoxynivalenol contamination.Int.J.Feod Microbiol. 37:21-25.

278. Niessen, L., S. Donhauser, A. Weideneder, E. Geiger, and H. Vogel. 1991. Moeglichkeiten einer
verbesserten-visuellen Beurteilung des mikrobiologischen Status von Malzen, Brauwelt131:1556-1560.

279. Nijs, ML d., E. A. Sizoo, F. M. Rombouts, S. H. W, Notermans, and H. v. Egmond. 1998. Furmonisin B[
in maize for food production imported in The Netherlands. Food Addit.Contam. 15:389-392.

280. Nijs, M. d., E. A. Sizoo, A. E. M. Vermunt, S, H. W. Notermans, and H. v. Egmond, 1998. The
occurrence of fumonisin Bl in maize-containing foods in The Netherlands.Food Addit.Contam. 15:385-388.

281. Nijs, M. d., P. Soentoro, v. A. Delfgou, H. Kamphuis, F. M. Rombouts, and 8. H. W, Notermans. 1996.
Fungal infection and presence of deoxynivalenol and zearalenene in cereals grown in the Netherlands, J.Food
Prot. 59:772-777.

282, Nikulin, M., S. Lappalainen, A. L. Pasanen, . Laamanen, P, Veijalainen, S. Berg, and E. L. Hintikka.
1996. Comparison of detection methods for trichothecenes produced by Fusarium sporotrichioides on fodder
and grains at different air humidities. Nat. Toxins4:117-121. T

283. Nofsinger, G. W., R. J. Bothast, E. B, Lancaster, and E. B. Bagley. 1977. Ammonia - supplemented ' j
ambient temperature drying of high-meisture corn. Transactions of the ASAE20:1151-1154.

284, Neowicki, T. W., D. G. Gaba, J. E. Dexter, R. R. Matsuo, and R. M. Clear. 1988. Retention of the
Fusarium mycotoxin deoxynivalenol in wheat during processing and cooking of spaghetti and noodles.
J.Cer.Sci, 8:189-202. :

285. Nummi, M., M. L. Niku-Paavola, and T. M. Enari. 1975. Effect of a Fusarium-toxin on the development
of alpha-amylase activity in germinating barley.Bios 6:266-269.

286. Odovody, G. N., J. C. Remmers, and N. M. Spencer. 1990. Association of kernel splitting with kerne! and
ear rots of corn in a commmercial hybrid grown in coastal belt of Texas. Phytopathol. 80:10435,

287. Office of The Chief Economist, US. D. 0. A. 2002. www.usda.gov/oce/waob/jawf/profilesthtml/eur .

288. Onmo, E. Y. S., E. Y. Sasaki, E. H. Hashimoto, L. N. Hara, B. Corréa, E. N, Itano, T. Sugiura, Y. Ueno,
and E. Y. Hirooka, 2003. Post-harvest storage of corm:effect of beginning moisture on mycoflora and
fumonisin contamination. Food Addit.Contam. 19:1081-1090.

Client Ref. C03009

Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004

i
L


www.usda.gov/oce/waob/jawf/profiles/htrnl/eur

T

O

296.
297.

298.

299.

Page 56 of 61

Ovrsi, R, B, B. Correa, C. R. Possi, E. A. Schammas, J. R. Nogueira, S. M. C, Dias, and M. A. B.
Malozzi. 2000. Mycaflora and occurrence of fumonisins in freshly harvested and stored hybrid maize.

J.Stored Products Res. 36:75-87.
Ostry, V. and J. Ruprich. 1998. The occurrence of fumonisins in corn-based commodities in the Czech

Republic. Czech Joumnal of Food Science 16:117-121.

Pacin, A. M., 8. L. Resnik, M. 8. Neira, G. Molto, and E. Martinez. 1997. Natural occuwrence of
deoxynivalenol in wheat, wheat flour and bakery products in ArgentinaFoed Addit.Contam. 14:327-331.
Parry, D. W., P. Jenkinson, and L. McLeod . 1995, Fusarinm ear blight (scab) in small grain cereals - A
review. Plant Pathol. 44:207-238.

Pascale, VL, A. Visconti, G. Avantaggiato, M. Pronczuk, and J. Chelkowski. 1999. Mycotoxin
contamination of maize hybrids after infection with Fusarium proliferatum. J.Sci.Food Agric.79:2094-2098.
Pascale, M., A. Visconti, M. Pronczuk, H. Wisniewska, and J. Chelkowski. 1997. Accumulation of
fumonisins in maize hybrids inoculated under field conditions with Fusarium moniliforme Sheldon.
J.Sci.Food Agric. 74:1-6.

Paster, N., Z. Lecong, V. Menasshrov, and R, Shapxra 1999, Possible Synergistic Effect of Nisin and
Propionic.Acid on the Growth of the Mycotoxigenic Fungi Aspergillus parasiticus, Aspergillus ochraceus,
and Fusarium moniliforme. J.Food Prot. 62:1223-1227.

Paster, N., ML Menasherov, J. Lacey, and C. Fanelli. 1992, Synergism between methods for mhlbitmcr the
spoilage of damp maize during storage. Postharvest Biology and Technology2:163-170. ) '
Paulitz, T. C. 1996. Diurnal release of ascospores by Gibberella zeae in moculated wheat plots. Plant Dis.
80:674-678.

Pe, M. E., L. Gianfranceschi, G. Tarammo, R. Tarchml, P. Angelini, M. Dani, and G. Binelli, 1993."
Mapping quantitative trait loci (QTLs) for resistance to Gihberella zeae mfectlon in maize. Mol.Gen. Genet

- 241:11-16.
Per!;owsk:, J. 1998. Distribution of deoxynivalenol in barley kernels infected by Fusarium. Nahmnmt" 81-

83. -
Perkowski, J., J. Chelkowski, P. Blazczak, C. H. A. Smjders and W, Wakulinski. 1991 A study of the

correlation between the amount of deoxnivalenoi in grain of wheat and triticale and percentage of Fusarium
damaged kernels. Mycotoxin Res. 7A:1135.

Perkowski, J., J. Chelkowski, and W. Wakulinski. 1988. Deoxynivalenol and 3-acetyldeoxynivalenol and .
Fusarium species in winter triticale. Mycotoxin Research4:97-100.

Perkowsk:, J., L Kiecana, U. Schumacher, H. M. Mueller, J. Chelkowski, and P. Golinski. 1996. Head
blight and biosynthesis of Fusarium toxins in barley kernels field inoculated with Fusarium culmorum.
Eur.J.Plant Pathol. 102:491-496.

Perkowski, J., L. Kiecana, U. Schumacher, H. M. Mueller, J. Chelkowski, and P. Golinski, 1997, Head
infection and accumulation of Fusarium toxins in kernels of 12 barley genotypes inoculated with Fusarium
graminearum isolates of two chemotypes. Eur.J.Plant Pathol. 103:85-90,

Piglionica, V. and Cariddi, C. (1984) Attempts to control Fusarium culmorum foot-rot on wheat by
nonpathogenic Fusarium isolates. [Euro Patent EUR 8689].

Pineda, V. G. and L. B. Bullerman. 2000. Thermal stability of moniliformin at varying temperature, pH,
and time in an aqueous environment. J.Food Prot. 63:1598-1601.

Pittet, A. 1998. Natural occurrence of mycotoxins in foods and feeds - an updated review. Revue de
Médicine Véterinaire 149:479-492,

Pixton, S. W. and S. Henderson. 1981. The moisture content-equilibrium relative humidity relationships of
five varieties of Canadian wheat and of Candle rapeseed at different temperatures. J.Stored Products Res.
17:187-190.

Plaskowska, E. 1997. The fungi communities of the soil environment of Triticum aestivum and its forecrops:
Hordeum vulgare, Vicia faba ssp. minor and Trifolium pratense. Acta Mycol.32:265-274.

Polley, R. W. and M. R. Thomas. 1991. Surveys of diseases of winter wheat in England and Wales, 1976-
1988. Ann Appl.Biol. 119:1-20.

Pomeranz, Y. 1992. Biochemical, functional and nutritive changes during storage, p. 55-141./# D. B. Sauer
(ed)), Storage of cereal grains and their products. American Association of Cereal Chemists, St. Paul.

Client Ref. CO3009
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004



http:55-l4l.ln

325,

326.

327.
328.

329.

Page 57 of 61 _ 3

Proctor, R. H., T. Hohn, and S. P. McCormick. 1995. Reduced virulence of Gibberella zeae caused by
disruption of a trichothecene toxin biosynthetic gene. Molecular Plant Microbe Interactions8:593-601.
Proctor, R. H., T. Hohn, znd S. P. McCormick. 2003. Reduced virulence of Gibberella zeae caused by
disruption of a trichothecene toxin biosynthetic gene. Molecular Plant Microbe Interactions8:593-601.
Product Board Animazal Feed. 2001. Quality control of feed ingredients for animal feed. Product Board
Animal Feed, The Hague.

Prom, L. K., R. D, Horsley, B. J. Steffenson, and P. B. Schwarz. 1999. Development of Fusarium head
blight and accumulation of deoxynivalenol in barley sampled at different growth stages. Journal of the
American Society of Brewing Chemists57:60-63,

Ramakrishna, N., J. Lacey, and J. E. Smith. 1996. The effects of fungal competition on colonization of.
barley grain by Fusarium sporotrichioides on T-2 toxin formation. Food Addit.Contam. 13:939-948.
Ramirez-Villapudua, J. and D. E. Munnecke . 1988. Effect of solar heating and soil amendments of
cruciferous residues on Fusarium oxysporum f. sp. conglutinans and other organisms Phytopathology

78:289-295.
Reid, L. M., R. W, Nicol, T. Ouellet, M Savard, J. D, Miller, J. C. Young, D. W, Stewart, and A. W.

"Schaafsmia. 1999. Interaction of Fusariuin graminearum and F. moniliforme in Maize Ears: Disease

Progress, Fingal Biomass, and Mycotoxin Accumulation. Phytopathelogy 89:1028-1037.

Reid, L. M., D. W. Stewart, and R. . Hamilton. 1996. A 4-year study of the assoc:anon between .
gibberella ear rot severity and deoxynivaleno! concentration. J.Phytopathol. 144:431-436.

Rintelen, J. 2000. Ist das starke aufireten von Gibberella zea an getreidedhren auf die zunahme des
maisanbaus zuriickzufithren. Bodenkultur und Pflanzenbaud :11-14, )
Rosen, J. D. and G. J. Collins. 1981. Distributien of T-2 Toxin in Wet-Milled Comn Products. J.Food Sci.

46:877-879.
Ruan, R., N. Shu, L. Lruqmg, C. an, P. Chen,R Jones, W. Wilcke, and R. V. Morey. 2001 . Estimation

o

-of weight percentage of scabby wheat kernels using an automatic machine vision and neural network based

systeri. Transactions of the ASAE 44: 9834988. )
Ruckenbauer, ., T. W. Hollins, H. C. de Jong, and O. E. Scholten. 2002, Ring test with selected

European winter wheat varieties, /n O. E. Schoiten, P. Ruckenbauer, A. Visconti, W. A, van Osenbruggen,
and den Nijs A.P.M. (eds.), Food safety of Cereals: A chain-wide approach to reduce Fusarium mycotoxins.
Final Report of EU project FAIR-CT-98-4094..

Ruppel, E. G., R. L. Gilbertson, and E. E. Schweizer. 1988. Population densities of selected soil-borne
fungi and disease incidence in a crop rotation under varied weed-management systems.Agric.,

Ecosyst.Environ. 21:163-165.
Ryu, D., M. A. Hanna, and L. B. Bullerman . 1999. Stability of zearalenone during extrusion of corn grits.

J.Food Prot. 62:1482-1484,

Saremi, H., L. W. Burgess, and D. Backhouse. 1999. Temperature effects on the relative abundance of

Fusarium species in a model plant-soil ecosystem. Soil Biol.Biochem.31:941-947, oy
Sauer, D. B., R. A. Meronuck, and C. M. Christensen. 1992. Microflora, p. 313-340. /J» D. B. Sauer (ed) ' )
Storage of cerea[ grains and their products. American Association of Cereal Chemists, St. Paul.

Savard, M. E. 1991. Deoxynivalenol faity acid and glucoside conjugates. J.Agric.Food Chem.39:570-574.
Schapira, S. F. D., ML P. Whitehead, and B. Flannigan, 1989. Effects of the mycotoxins

diacetoxyscirpenol and deoxynivalencl on malting characteristics of barley. J.Instit Brew.95:415-417.
Schollenberger, Y., H. T. Jara, S. Suchy, W. Drochner, and H. M. Mueller. 2002. Fusarium toxins in

wheat flour collected in an area in southwest Germany. int.J].Food Microbiol, 72:85-89.

Scholten, O. E., P. V. A. Ruckenbauer, W. A. van Osenbruggen, and den Nijs A.P.M. 2002. Food safety

of cereals: A chain-wide approach to reduce Fusarium mycotoxins Final Report of EU project FAIR-CT-98-

4094,
Schwarz, P. B., S. Beattie, and H. H. Casper. 1996. Relationship between Fusarium infestation of barley

and the gushing potential of malt. J.Instit.Brew. 102:93-96.
Schwarz, P. B., H. H. Casper, and J. M. Barr. 1995. Survey of the occurrence of deoxynivaleno!

{vomitoxin) in barley grown in MN,ND, & SD during 1993. Technical Quarterly 32:190-194.

Client Ref. C03009
Dac. Ref. CCPDG_$4784_FinalSOR_FSA March 2004 }



P

pS—_

336.

337

338.

348.

Client Ref. CO300¢9
Doc. Ref. CCPDG_54784 FinalSOR_FSA

Page 58 of 61

Schwarz, P. B., H. H. Casper, and S. Beattie. 1995. Fate and development of naturally occurring Fusarium
mycotoxins during malting and brewing. Journal of the American Society of Brewing Chemists33:121-127.
Schwarz, P. B., J. G. Schwarz, A. Zhou, L. K. Prom, and B. J. Steffenson. 2001, Effect of Fusarium
graminearum and F. poae infection on barley and malt quality. Monatsschrift fuer Brauwissenschafi54:55-
63,

Scientific Commitee on Food. 2000, Opinion of The Scientific Commitee on Food on Fusarium Toxins -
Part 4: Nivaleno! (expressed on 19th October 2000). http://europa.eu.int/comm/food/fs/sc/seflout74 en.pdf .
Scientific Commitee on Food. 2002. Opinion of the Scientific Commitee Food on Fusarium Toxins. Part 6:
Group evaluation of T-2 toxin, HT-2 toxin, nivalenol and deoxynivalenol.
http://europa.eu.int/comm/food/fs/sc/scfout1 23 _en.pdf .

Scientific Committee on Food. 1999. Opinion on Fusarium Toxins - Part 1: Deoxynivalenol (DON)
(expressed on 2 December 1999). http://europa.eu.int/comm/foed/fs/sc/scf/outdd en.pdf.

Scientific Committee on Food. 2000. Opinion of The Scientific Committee on Food on Fusarium Toxins -
Part 2: Zearalenone (expressed on 22 June 2000). htip://europa.eu. int/comm/food/fs/sc/scf/out6s _ent.pdf.
Scientific Committee on Foed. 2000. Opinion of The Scientific Committee on Food on Fusarium Toxins -

. f’art 3: Fumonisin.Bl (expressed on 17 Qctober 2000). http://europa.eu.int/comm/food/fs/sc/scf/out73 _en.pdf

Scxentlf ic Committee on Food.-2001. Opinion of The Scientific Committee on Food on Fusarium To‘xms -

Part 5: T2-toxin and HT-2 toxin (adopted by the SCF on 30 May 2001).

http://ewropa.en.int/comm/food/fs/sc/scf/out88_en.pdf .
Scott, P. M. 1997, Multi-year monitoring of Canadian grains and grain- based foods for trichothecenes and

zearalenone. Food Addit.Contam. 14;333-339.

. Scott, P. M., S. R. Kanhere, P. Y.-Lauy, J. E. Dexter, and R. Greenhalgh. 1983. Effects of e‘{perunental

flour milling and breadbaking on retention of deoxymvaleno[ (von‘uto*(m) in hard red sprmﬂr wheat. Cereal

Chem. 60:421-426.
Scott, P. M., P. Y, Lau, andS R. Kanhere. 1981 Gas chromatography with e[ectroncapture and mass

spectrometric detection of deoxynivatenol in wheat and other grains. . Assoc.Off Anal.Chem.64: 1364,

Scott, P. M., K. Nelson, S. R. Kanhere, K. F. Karpinski, S. Hayward, G. A. Neish, and A. H. Teich.
1984. Decline in deoxynivalenol (vomitoxin) concentrations in 1983 Ontario winter wheat before harvest.
Appl.Environ.Microbiol. 48:884-886. :

Scudamore, K. A. and S, Patel. 2000. Survey for aflatoxins, ochratoxin A, zearalenone and fumonisins in
maize imported into the United Kingdom. Food Addit.Contam. 17:407-416.

Shephard, G. 8., P. G. Thiel, S. Stockenstrém, and E. W. Sydenham. 1996, Worldw1de survey of
fumonisin contamination of corn and corn-based products. Journal of the Association of Official Analytical
Chemists 79:671-687.

Sherwood, R. and J. . Peberdy. 1973. Environmental factors affecting the synthesis of toxins by species of
fusaria. Progress Reports on Research and Development, Home-Grown Cereals Authority 1972/1973, 26-28.
Sherwood, R. ¥. and J. F. Peberdy. 1974. Production of the mycotoxin, zearalenone, by Fusarium
graminearum growing on stored grain. I. Grain storage at reduced temperatures. J.Sci.Food Agric.25:1081-
1087.

Simpson, D. R., G. E. Weston, J. A. Turner, P. Jennings, and P. Nicholson. 2001. Differential Control of
Head Blight Pathogens of Wheat by Fungicides and Consequences for Mycotoxin Contamination of Grain.

. Eur.J.Plant Pathol. 107:421-431,

Singh, R. P., H. Ma, and S. Rajaram. 1995. Genetic analysis of resistance to scab in spring wheat cultivar

Frontana. Plant Dis. 79:238-240,
Skadhauge, B., K. K. Thomsen, and D. Yon Wettstein. 1997, The role of the barley testa layer and its

flavonoid content in resistance to Fusarium infections. Hereditas126:147-160.
Smiley, R. W., H. P. Collins, and P. E. Rasmussen. 1996. Diseases of wheat in long-term agronomic

experiments at Pendleton, Oregon. Plant Dis. 80:813-820.
Smith, J. E., C. W. Lewis, 1. G. Anderson, and G.LSolomons. 1994. Mycotoxins in human nutrition and

health,European Commision, Directorate General XII., Brussels.

March 2004


http:Agric.25
http:J.Assoc.Off.Anal.Chem.64
http://europa.eu.int/comm/food/fs/sc/scf/ont73jm.pdf
http:Fumonisin.Bl
http://europa.eu.int/comm/food/fs/sc/scf/out65
http://europa.eu.int/comm/food/fs/sc/scf/out44.Jln.pdf
http://europa.eu.int/comrnlfood/fs/sc/scfi'outl23
http://europa.eu.int/comm/food/fs/sc/scf/out74.Jln.pdf

354,

374,

Page 59 of 61

Spanjer, M., J. M. Scholten, and P. M. Rensen. 2002, Effectmeting DON, de gevolgen van eencalamiteit.
Keuringsdienst Van Waren Noordwest, Amsterdam, Amsterdam.

Sparrow, D. H. and R. D. Graham. 1988. Susceptibility of zinc-deficient wheat plants to colonization by
Fusarium graminearum Schw. Group 1. Plant Soil112:261-266.

Strausbaugh, C. A. and O. C. Maloy. 1986. Fusarium scab of irrigated wheat in central Washington, USA.
Plant Dis. 70:1104,

Summerell, B. A., L. W. Burgess, T. A. Klein, and A. B. Pattison. 1990. Stubble management and the site
of penetration of wheat by Fusarium graminearum group 1.Phytopathology 80:877-879.

Sutton, J. C. 1982, Epidemilogy of wheat head blight and maize ear rot caused by Fusarium graminearum.

Can J Plant Pathol 4:195.
Sutton, J. C., W. Balico, and H. S. Funnel. 1980. Relation of weather variables to incidence of zearalenone

in comn in southern Ontario. Can.J.Plant Sci. 60:149.

Sutton, J. C., W. Baliko, and H. S. Funnell. 1980. Relation of wheather variables to incidence of
zearalenone in comn in Southern Ontario. Canadian Journal of Plant Science 60;149-153.

Sydenham, E. W,, L. L. Westhuizen, S. Stockenstroem, G. S. Shephard, and P. G. Thiel 1994.  _:
Fumonisin- contammated maize: physical treatment for the partla[ decontamination of bulk sh;pmentsfood

Addit.Contam. 11:25-32.
Szuetz, P., A. Mesterhazy, G. Y. Falkay, and T. Bartok. 1997. Early telearche symptoms in ch;[dren and

- their relations to zearlenon contamination in foodstuffs. Cereals Research Communications25:429-436.

Tahvonen, R., A. Hannukkala, and H. Avikainen. 1995. Effect of seed dressing treatment of Stra'ptor;lyces
griseoviridis on barley and spring wheat in field experiments. Agric.Sci.Finl.4:419-427.
Takeda, K. and H. Heta. 1989, Establishing the testing method and a search for the resistant varieties to

Fusarium head blight in barley, Jap.J.Breed. 39:-216.

Takeda, K., R Kanatani, and C. L. Zhang. 1992, Varietal variation of the scab dtsease resistance in wheat

evaluated by the 'cut-spike’ inoculation method. Jap.J.Breed. 42:649-656. .
Tanaka, T., A: Hasegawa, S. Yamamoto, Y. Matsuki, and Y. Ueno. 1986. Residues of Fusarium
mycotoxins, nivalenol, deoxynivalenol and zearalenone, in wheat and processed food after milling and
baking. Journal of the Food Hygienic Society of fapan [Shokuhin Eiseigaku Zasshi]27:633-655.

Teich, A. H. and J. R. Hamilton. 1985. Effect of cultural practices, soil phosphorus, potassium, and pH on
the incidence of Fusanum head blight and deoxynivalenol ievels in wheat. Appl.Environ.Microbiol.49:1429-
1431.

Teich, A. H.,D. R, Sampson, L. Shugar, A. Smid, W. E. Curnoe, and C. Kennema. 1987. Yield, quality
and disease response of soft white winter wheat ciltivars to nitrogen fertilization in Ontario, Canada.Cereal
Res.Comm. 15:265. ‘

Thompson, D. P. 1997. Effect of phenolic compounds on mycelial growth of Fusarium and Penicillium
species. J.Food Prot. 60:1262-1264,

Tkachuk, R., J. E. Dexter, K. H. Tipples, and T. W. Nowicki. 1991. Removal by specific gravity table of
tornbstone kemels and associated trichothecenes from wheat infected with Fusarium head blight. Cereal
Chem. 68:428-431.

Trade Assurance Scheme for Combinable Crops. 2002. UKASTA Code of Practice for Road Haulage (of
Combinable Crops, Animal Feed Materials and As-Grown Seeds).
www.ukasta.org.uk/assuarnce/tascc/haulage-member. pdf.

Trenholm, H. L., L. L. Charmley, D. B. Prelusky, and R. M. Warner. 1991, Two physical methods for
the decontamination of four cereals contaminated with deoxynivalenol and zearalenone. J. Agric.Food Chem.
39:356-360.

Trigo-Stockli, D. M., 8. P. Curran, and J. R. Pedersen. 1995, Distribution and occutrence of mycotoxins
in 1993 Kansas wheat, Cereal Chem. 72:470-474.

Trigo-Stockli, D. M., R. L. Sanchez-Marinez, M. O. Cortez-Rocha, and J, R. Pedersen. 1998.
Comparison of the distribution and cccurrence of Fusarium graminearum and deoxynivalenol in hard red
winter wheat for 1993-1996. Cereal Chem. 75:841-846.

Tu, D. 8. 1953. PhD Thesis Ohio State University, Columbus. Factors affecting the reaction of wheat blight

infection caused by Gibberella zeqe.

Client Ref. C03009
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004

S


http:Appl.Environ.Microbiol.49

e

381

386.

387.

388.

Page 60 of 61

Tuite, J., G. Shaner, G. Rambo, J. Foster, and R. W. Caldwell. 1974. The Gibberella ear rot epidemics of
com in Indiana in 1965 and 1972. Ceral Sci.Today 19:238.

Tutelyan, V. A., K. L Eller, V. S. Sobolev, V. V. Pimenova, L. P. Zakharova, and N. 1. Muzychenko.
1990. A survey of the occurrence of deowymvalenol in wheat from 1986-1988 harvests in the USSR .Food

Addit.Contam, 7:521-525,
Ueno, Y. 1987. ‘I‘rxchothecenes in food,, p. 123-147.In P. Krogh (ed ), Mycotoxins in Food . Academic Press,

London.

Van Wyk, P. S., O. Los, G. D. C. Pauer, and W. F. O Marasas. 1987. Geographic distribution and
pathogenicity of Fusarium species associated with crown rot of wheat in the Orange Free State, South A frica.
Phytophylactica 19:271-274.

Van Wyk, P. S., G. D. C. Pauer, J. P. Rheeder, O. Los, and W. F. O. Marasas. 1988. Reaction of
different wheat cuItlvars to crown rot caused by Fusarium graminearum Group I.Phytophylactica 69-72.
Velluti, A., S. Marin, L. Bettucei, A. J. Ramos, and V. Sanchis. 2000. The effect of fungal competition on
colonization of maize grain by Fusarium moniliforme, F. proliferatum and F. graminearum and on fumonisin
B sub(1) and zearalenone formation. Int.J.Food Microbiol. 59:59-66.

Velluti, A.; S. Marin, V., Sanchis, and A. J. Ramos. 2001. Occurrence of fumenisin Bl in Spamsh corn--
based foads for animal and human consumption. F ood Science and Techuology Intemational/Ciencia Y.

_ Tecnologia'de ‘Alimentos Internacional 7:433-437.

Vesonder, R. F., P. Golinski, R, Plattner, and D. L. Zietkiewicz. 1991. Mycotoxm formation by different
geographic isolates of Fusarium crookwellenese. Mycopathologiall3:11-14.

Visconti, A., J. Chelkowski, and A. Bottalico. [986. Deoxynivalenol and 3-acetyldeoxynivalenol -
mycotoxins associated with wheat head fusariosis in Poland. Mycotoxin Research2:59-64,

Visconti, A. and M. B. Doko. 1994. Survey of fumonisin production by Fusarium isolated from cereals in

* Furope. Journal of the AOAC Intetnational 77:546-550.

Visconti, A., M, Solfrizzo, and A. d. Girelame. 2001. Determination of fumonisins Bl and B2 in com and
com flakes by liquid chromatography with xmmunoaff Inity column cleanup co[laboratwe study. JLAOAC Int.
84:1828-1857. .

Wainwright, A., Jeitner, J., and Cazin-Bourguignon, P. 1992 Reduction in the wheat ear disease complex
with tebuconazole sprays. Proc.BCPC Conference Pests and Diseases, Brighton (UK), 23-26 Nov 1992, 621-
626.

Wainwright, A., M. A. Kenny, and D. J. Yarham. 1986. Increased susceptibility to Septoria nodorum in
winter wheat infected by Tilletia caries. Plant Pathol. 35:582-584.

Waldron, B. L., B. Moreno-Sevilla, J. A. Anderson, R. W. Stack, and R..C. Frohbergy. 1999. RFLP
Mapping of QTL for Fusarium Head Blight Resistance in Wheat. Crop Sc¢i. 39:305-811.

Walker, S. L., S. Leath, W, M. Hagler, Jr., and J. P. Murphy. 2001. Variation Among Isolates of
Fusariumn graminearurn Associated with Fusarium Head Blight in North Carolina. Plant Dis.85:404-410.
Warfield, C. Y. and R. M. Davis. 1996. Importance of the husk covering on the susceptibility of comn
hybrids to Fusarium ear rot. Plant Dis. 80:-210.

Warfield, C. Y. and D. G. Gilchrist. 1999. Influence of kernel age on fumonisin Bsub(1} production in
maize by Fusarium moniliforme. Appl.Environ Microbiol.65:2853-2856.

Wetter, M. T., M. W, Trucksess, J. A. Roach, and G. A. Bean, 1999, Occuwrrence and distribution of
Fusarium graminearum and deoxynivalenol in sweet comn ears.Food Addit.Contam. 16:119-124. '
Wilson, D. M. and D. Abramson. 1992. Mycotoxins, p. 341-391. In D. B. Sauer (ed.), Storage of cereal
grains and their products. American Association of Cereal Chemists, St. Paul.

Windels, C, E. and C. Holen. 1989. Association of Bipolaris sorokiniana, Fusarium graminearum group2,
and F. culmorum on spring wheat differing in severity of common root rot. Plant Dis.73:953-956.

Windels, C. E. and T. Kommedahl. 1984. Late-season colonization and survival of Fusarium graminearum
group II in comnstalks in Minnesota. Plant Dis. 68:791-763,

Wojciechowski, S., J. Chelikowski, A. Poritka, and A. Slusarklewmz—Jarzma 1997. Evaluation of spring
and winter wheat reaction to Fusarium culmorum and Fusarium avenaceum. J.Phytopathol.145:99-103.
Wolf-Hall, C. E., M. A. Hanna, and L. B. Bullerman. 1999, Stability of Deoxynivalenol in Heat-Treated

Foods. I Food Prot. 62:962-964,

Client Ref. C03009
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004



http:34l-39l.ln
http:123-147.Jn

399.

400.

401.

402.

404.

Page 61 of 61

Yang, Z., X. Yang, and D. Huang. 1998. Studies on somaclonal variants for resistance to scab in bread
wheat (Triticum aestivum L.) through in vitro selection for tolerance to deoxynivalenol. Euphytical 01:213-
219,

Yoshizawa, T. 1983. Red mould diseases and natural eccurrence in Japan, p. 195.1n Y. Ueno {ed.),
Trichothecenes B Chemical, Biological and Toxicological Aspects, Elsevier, Amsterdam.

Yoshizawa, T., A. Yamashita, and Y. Luo. 1994. Fumonisin occurrence in corn from high- and low-risk
areas for human esophageal cancer in China. Appl.Environ.Microbiol. 60:1626-1629.

Young, J. C. and J. D. Miller. 1985. Appearance of fungus, ergosterol and Fusarium mycotoxins in the
husk, axial stem and stalk after ear inoculation of field comn. Can.J Plant Sci.65:47-53,

Zakharova, L. P., O. L. Obol'skii, L. 8. L'vova, Z. K. Bystryakova, L. V. Kravechenko, and V. A.
Tutel'yan. 1995. Occurrence of Fusarium toxins in cereals from 1993 and 1994 harvests in Russia. Voprosy
Pitaniya itaniyaaa-29.

Zhu, H., L. Gilchrist, P. Hayes, A. Kleinhofs, . Kudrna, Z. Liu, L. Prom, B. Steffenson, T. Toojinda,
and H. Vivar. 1999. Does function follow form? Principal QTLs for Fusarium head blight (FHB) resistance
are coincident with QTLs for inflorescence traits and plant height in a doubled-haploid population of barley

Theor. Appl.Genet. 99:1221-1232,

Client Ref. Q3008
Doc. Ref. CCPDG_54784_FinalSOR_FSA March 2004

Pt



Food Contaminants (Mycof xms, ‘Nitra
& Process Contamlnants) .

Project
Number(s):

Project Title:

Research
programme
requirements

Technical Aims
and Objectives

Objectives
achieved

Observations

CO4022 CO4034

Investigation of levels of Fusarinm mycotoxins in UK wheat production
Investigation of Fusarium mycotoxins in UK barley and oat production

Many foods contain naturally occurring chemicals, which may have deleterious effects on
human health. The Food Standards Agency commissioned a survey of wheat for a range of
mycotoxins to assess overall safety risks, to explore ways of minimising such risks and to
aid advice to consumers on specific foods.

(Requirement reference: RRD5/C04/ B. Swrvey of wheat, barley and oats for a range of
mycotoxins).

04022

1. Determine the range of trichothecene and zearalenone contamination of grain within
organic and conventional wheat production. Determine the effect of T3 fungicide
applications within conventional wheat production on trichothecene and zeearalenone
contamination of grain. Determine how other agronomic factors affect trichothecene
and zearalenone contamination of grain. These will inclade variety, cultivation
methods, crop rotation and region.

2. Determine the relationships between the amount of trichothecenes within grain, the
amount of trichothecene-producing Fusariwm within grain and a visual assessment of
grain quality.

C04034

3. Determine the range of trichothecene, zearalenone and moniliformin contamination of
grain within organic and conventional barley and oat production over a four year period
(2002-2003). Determine how agronomic factors affect trichothecene, zearalenone and
moniliformin contamination of grain. These will include fungicide usage, variety,
cultivation methods, crop rotation and region.

1. Determine the relationships between the amount of fusarium mycotoxins within grain

and visual assessments of grain quality,

The projects are ongoing.
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Publications

Edwards SG (2003) Fusarium mycotoxins in UK wheat, Aspects of Applied Biology 68, 35-
42.

Presentation at the 7% European Fusarium Seminar, Poznan, Poland, 4.7 September 2002
Presentation at the COST 835 (WG-3) meeting, HRI East Malling, 13-14% September 2002

Presentation at the Campden & Chorleywood Food Research Association Cereals, Milling
and Baking Panel Meeting, Chipping Campden, 7" October 2002

Presentation at the Campden & Chorleywood Food Research Association conference
“Managing mycotoxins”, Chipping Campden, 20" October 2002

Poster at the BCPC Brighton Conference, Pests and Diseases in 18%-2 1"November, 2002.

Presentation at a European BASF Fusarium mycotoxin workshop, Frankfurt, Germany, 12
December 2002.

Presentation at the AAB conference “Mycotoxins in food production systems,” Bath, 25-27"
June 2003.

Presentation at the International Life Sciences Institute conference “Trichothecenes with a
special focus on DON” Dublin, Ireland, 10-12 September 2003.

Presentation at the HGCA breakfast meeting “Mycotoxins in Grains” Taunton, UK, 5™ May
2004,
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QObjectives
achieved

Observations

Publications

03026

Use of DNA microarray technology to detect genes involved in the production of
mycotoxins

Current methods of mycotoxin analysis are concerned with the presence or absence of the
compound. There are currently few methods, which can reliably predict the potential of
contaminating fungi to produce mycotoxins subsequently. Test-systems based on genetic
markers for particular genes involved in mycotoxin biosynthesis may provide a route
forward.

1. Demonstrate, in the short term, that DNA microarray technology can provide a short-cut
to identification of the genes that are switched on in ochratoxin A-producing strains of
Penicillium verrucosum

2. Monitor, in the longer term, the conirol of these genes in toxigenic, non-toxigenic and
facultative strains of P. verrucosum

Identify a method that could be used for identification of the genes involved in the
production of mycotoxins by other fungi

13

1. cDNA library constructed and probes produced.

2. Study demonstrated the utility of DNA microarray technelogy for identifying genes
that are differentially expressed in toxigenic and nen-toxigenic strains.

Production of the final report was delayed due to a number of factors, including staff illness.
The report (including a cDNA library) and a concept note for further research were received
from the contractor in February 2003. The concept note was further discussed internally.

Reported in the FSA News.






