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Preface
The four papers included here represent the substance of the information
presented during a 2-day workshop on fusarium head blight (FHB) of wheat and
related mycotoxin problems, March 30-31, 19a9, in Ciudad Obregon, Sonora,
Mexico. The meeting, attended by 35 participants from nine countries, was part
of the International Development Research Centre (IDRC), Canada-funded
collaborative project between Agriculture Canada and the International Maize
and Wheat Improvement Center (CIMMYT). The intention of both the donor
agency and the teams of collaborating scientists was to facilitate 1) a direct
appraisal of the importance of FHB by wheat scientists from developing
countries, 2) an enhanced awareness of these scientists about mycotoxin risks to
human and animal health that emanate from the use of fusarium-contaminated
grain, and 3) a discussion on the current progress in screening wheat germplasm
for FHB resistance.
By making these papers available to a wider audience, the authors and CIMMYT
are responding to a demand, sensed during the workshop, that an updated
analysis be done on pathological and tOXicological perspectives of this topic. We
ask for your comments and opinions on the issues raised and on the utility of this
publication to serve as a quideline for future dissemination of information evolving
from this collaborative project.
Another result of this meeting was a tentative agreement between Agriculture
Canada and CIMMYT to cooperate in the production and distribution (with IDRC
funding) of a Spanish version of the Agriculture Canada publication on Reducing
Mycotoxins in Animal Feeds by H.L. Trenholm, D.B. Prelusky, J.C. Young, and
J.D. Miller. The Spanish version would be distributed to CIMMYT's Latin
American cooperators in maize and wheat. Others interested in the Spanish
version can contact CIMMYT or Agriculture Canada. The publication is currently
available in English and French from Agriculture Canada.
Enrique Torres
Crop Protection Subprogram
CIMMYT Wheat Program
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Assessing the importance of fusarium head blight in wheat
Enrique Torres
Crop Protection Subprogram
International Maize and
Wheat Improvement Center
EI Batlfln, Mexico
The information contained in this brief paper was accumulated from statements
made by participants during this workshop at Ciudad Obregon, by national
scientists from regions where fusarium head blight (FHB) is a real or potential
threat to wheat production, and by CIMMYT staff stationed in regions with FHB
problems.
FHB caused by Fusarium spp. is known to inflict serious damage to wheat crops
in major growing areas of Argentina, Brazil, China, Paraguay, and Uruguay.
Given the susceptibility of current wheat varieties, what ultimately determines the
development of FHB epidemics is a combination of 1) persistent rainfall at
flowering and 2) abundant inoculum. The latter is ensured by intensive farming
systems based on wheat or other cereals. It may not be a simple coincidence
that the countries listed above share the critical climatic conditions and practice
cropping patterns that are most conducive to FHB.
The occurrence of FHB typically starts with sporadic and minor outbreaks,
evolves into more frequent and severe cases, and gradually becomes a
permanent and serious disease situation of wheat. Argentina and Uruguay are
cases in point. The first observation of Fusarium as a wheat pathogen (as a root
rot organism) in Argentina took place in 1927. During the following decade, the
disease was observed on wheat heads causing the typical FHB symptoms.
However, it took another 15 years before the disease became widespread. By
1963, the pathogen had become a constraint to macaroni wheat production in
much of the Pampas. Subsequent epidemics occurred in 1976-78 and 1984-85.
In the last few years, FHB has become a disease of general occurrence
throughout much of the humid Pampa.
FHB was a rare event in Uruguay until 1977 when a destructive outbreak caused
yield reductions in the wheat crop of up to 80%. Based on climatic data, it was
predicted that FHB should occur once every 16 years. However, the next
epidemic took place only 8 years later ·in 1985. Since then, FHB has been
occurring annually. The disease has also become established in the southern
Brazilian states of Parana, Santa Caterina, and Rio Grande do SuI.
In the mid-lower Yangtze River Valley winter wheat region of China, a high
frequency of FHB causes severe losses in wheat yield and seriously affects grain
quality. Seven years of severe epidemics and 12 years of moderate epidemics
occurred during the 35-year period of 1951-85. FHB incidence was 50-100% and
20-40% with yield reductions of 10-40% and 5-15% in the severe and moderate
epidemic years, respectively.
The use of fungicides is impractical due to the difficulty of protecting entire fields
with asynchronous heading and flowering. Changing sowing dates to avoid rainy
periods during flowering has been explored as a preventive cultural practice, but
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it is not feasible in countries where early frosts or unreliable rainfall regimes may
also endanger the crop.
Countries such as Mexico and Ethiopia. whose food policies are likely to
encourage wheat as a crop for the humid or wet highlands, must take steps to
avoid major FHB epidemics. In fact, FHB is a weil known wheat disease in
Mexico and Ethiopia and yield losses under experimental conditions have been
assessed at 60% and above.
In conclusion, FHB must be regarded as a serious potential constraint to wheat
production under rainfed conditions in tropical and sUbtropical regions whenever
cropping patterns are narrow and place excessive emphasis on wheat and other
cereals.
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Biochemical nature of mycotoxins and host tolerance
J.D. Miller
Plant Research Centre
Agriculture Canada
Ottawa, Ontario
Ubiquity of Mycotoxins
The Food and Agriculture Organization (FAO) estimates that 25% of the food
crops in the world are contaminated by mycotoxins. An article in New Scientist
suggested that between 10 and 50% of the crops in Africa and Asia are so
contaminated (Mannon and Johnson 1985). These estimates are certainly low.
Examination of studies of mycotoxin contamination of cereals illustrate that few
samples are uncontaminated (Table 1, Jelinek et al. 1989, Tanaka et al.
1988a,b).
The results shown in Table 1 represent analysis of three metabolites that could
arise from at least three Fusarium spp. either alone or in combination.
Zearalenone (ZEN) and deoxynivalenol (DON) can be produced by Fusarium
graminearum, F. culmorum, and F. crookwellense. Nivalenol can be produced by
certain strains of F. graminearum and F. crookwellense (Marasas et al. 1984,
Bottalico et al. 1988). These species take dozens of other metabolites that were
not considered in these analyses. Other species of Fusarium could have been
present in the grain including F. sporotrichioides and F. equisteti (Duthie et al.
1986, Neish et al. 1982). These species produce the potent mycotoxins
diacetoxyscirpenol and T-2, which were not analyzed by the investigators in the
studies listed in Table 1. The F. moniliforme toxin moniliforme was present in
most of the South African samples (Thiel et al. 1982).
There is the probability that mycotoxins from other genera could have been
present in some of the samples in Table 1 as well. This was the case for the
samples identified as being from the USA. Aflatoxin B 1 was reported in 23 of 33
samples; 21 of 33 samples contained both DON and aflatoxin (Hagler et al.
1984). If the material had been improperly stored, other compounds such as
sterigmatocystin and ochrotoxin from Aspergillus and Penicillium spp. may have
been present in some samples. All of this information illustrates that the presence
of multiple toxins from different species is a matter of consequence for public
health. In particular, co-occurrence of fusarium toxins has been flagged as an
issue (Jelinek et al. 1989).
.
Aflatoxin exposure has been recognized as a human health hazard for many
years and much effort is expended worldwide to prevent aflatoxins in food.
Despite this, liver cancer attributed to aflatoxin is one of the leading causes of
mortality in Africa and Asia (Groopman et al. 1988).
The Fusarium graminearum toxin DON is regulated in food in the USA and
Canada. Workers at the Ministry of Public Health in China have proposed similar
regulations (Luo 1988). Recently, epidemics of fusarium head blight (FHB) in
China and India have been reported to cause severe human health problems
(Bhat et al. 1989, Luo 1988). Epidemiological studies of esophageal cancer in the
Transkei and in parts of China have revealed a link to exposure to F. moniliforme,
which has been demonstrated to produce a number of potent toxins including
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Table 1. Fusarium toxin contamination in cereal samples
of 13 countries.
Nivalenol

Deoxynivalenol

Zearalenone

Korea-

74/89

87/89

64/89

Chinab

2114

1/14

5/14

Taiwan b

6/12

9/12

9/12

UKc.d

17/31

219/230

4/31

Canadae

5/11

10/11

10/11

Japan f

7/18

18/18

18/18

Polandg

14/48

40148

Franceg

1/2

212

Hungary

212

212

Austriag. h

3/4

6/10

Australiac.;

?2I12

11/20

USN
South Africak

35/43

3/6

31/33

3/33

35143

43143

_Lee et al. 1985. 1986.
Ueno et al. 1986a,b.
c Osborne and Willis 1984.
d Tanaka et al. 1986.
e Tanaka et al. 1988a.
f Tanaka et al. 1985.
9 Ueno et al. 1985.
h Bottalico et al. 1981.
1 Tobin 1988.
j Hagler et al. 1984.
k Thiel et al. 1982.
b

5

fusarin C. Fusarin C is nearly as mutagenic as aflatoxin and fumonisins which
apparently are mutagens and neural toxins (Gelderblom et al. 1988, Marasas et
al. 1988). Many grain samples that contain aflatoxins also contain fusarium toxins
in Africa and Asia (Widiastuti et al. 1988). The significance of exposure to
aflatoxin alone versus exposure to aflatoxins plus fusadum toxins has not been
evaluated.
Biology of mycotoxin production
Most mycotoxins are so-called secondary metabolites of fungi. When a fungal
cell is provided with all necessary nutrients for growth, and pH and oxygen
conditions are appropriate, no secondary metabolites are produced. In the case
where a specific nutrient becomes limiting, all other things being equal, the cell
does not die. Because the cell is constrained from growth (dry weight production)
by the absence of a particular nutrient, pools of primary metabolites (e.g., certain
amino acids, acetate, mevalonic acid) accumulate and become available for
secondary metabolism. DON is a sesquiterpene, which means that it is
synthesized from acetate via mevalonic acid. The nutrient limitation induces the
synthesis of trichothecenes in nitrogen (Miller and Blackwell 1986). A detailed
discussion of the principles involved can be found in Bu'Lock (1975).
In vivo, the events described above also occur (as easily seen in a fermentor).
The growth of filamentous fungi occurs at the hyphal tip, where most of the
metabolic activity takes place. As a hypha penetrates through plant tissue, the
nutrients surrounding the cells beyond the hyphal tip are exhausted. This creates
the necessary nutrient limitation for secondary metabolite production (Miller and
Greenhalgh 1988). The accumulation of DON in wheat or maize is a function of
the activities of millions of individual cells and not the colony per se. Chemical
analysis of wheat or maize infected with F. graminearum integrates the small
amount of toxin produced by the many cells. There are some mycotoxins that are
not conventional secondary metabolites and they are produced while the fungus
is growing.
Toxins from Gramineaceous Fusarium spp.
There has been an explosion in the knowledge of toxins from the Fusarium spp.
associated with wheat and maize in the past few years. For example, the toxins
DON and ZEN from F. graminearum were both discovered in the early 1970s
and, in the past few years, many new compounds isolated from this fungus are
capable of producing polyketides (ZEN), sesquiterpenes (DON, nivalenol,
culmorin), amino acid-derived compounds (butenolide), and compounds of mixed
synthesis (fusarin C). Remarkably, strains of this fungus make DON by a different
pathway.
Most strains from North America produce 15-acetyldeoxynivalenol, whereas most
strains from Japan, Europe, and China produce 3-acetyldeoxynivalenol (Miller et
al. 1983, Mirocha et al. 1989). This is not a trivial difference. The monoacetate of
DON is present at some concentration in F. graminearum-contaminated grain
and the toxicities of the two are different. Each strain of this species produces
different amounts and mixtures of toxins. The consequence of this is that
knowledge of the toxigenic potential of taxonomically-equivalent strains must be
acquired in each region affected by FHB. Each strain makes different mixtures of
toxins, which means that grain from different fields infected by F. graminearum
will have different toxicities (Foster et al. 1986). This is further complicated by the
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fact that FHB can refer to a variety of species each of which can produce some
similar and some different metabolites.
The following species represent important head blight fusaria (i.e., FHB in the
strict sense). Information on the toxins from other toxigenic fusaria can be found
in Marasas et al. (1984).
F. graminearum and F. culmorum
Compounds from this fungus are listed in Table 2. This list does not include the
possibility of toxic peptides from these species, which are just being investigated.
Some other toxins that affect bone structure in poultry are aiso known (Mirocha
1984).
F. crookwellense
F. crookwellense was split off from the above two species a few years ago and
the first toxin found in this species in 1985 was ZEN. Now it is known that this
species produces many mycotoxins (Table 3).
F. avenaceum
This fungus is also an important head blight organism, especially under warmer
and drier conditions. According to Marasas et al. (1984), butenolide and
moniliformin have been found from authentic strains of this fungus. Recently, a
number of strains of this species have been found to produce a number of cyclic
depsipeptides, some of which are toxic.

Resistance to FHB
For at least 40 years, it has been well known that there are two general types of
resistance to FHB (F. graminearumlF. cumorum): 1) type Iresistance to initial
infection and 2) Type II-resistance to hyphaI spread throughout the plant tissue
(Schroeder and Christensen 1963). This has been defined by several groups by
comparing the effect of placing spores on the outside of the plant and injecting
spores directly into the tissue (Wang and Miller 1988b). There is a lot of
speculation as to what comprises Type I resistance from a flower structure that
dries off quickly after wetting to plant height to the concentrations of choline and
betaine in the anthers. These latter compounds are stimulatory to the germination
of F. graminearum. Some of these factors are escape mechanisms rather than
resistance per se.
Likewise, it is not adequately understood what comprises Type II resistance.
Some of it is related to the chemical/physical structure of the plant and may
include the concentrations of such compounds as phenols and triticenes. The
latter compounds from wheat are toxic to F. graminearum (Spendley and Ride
1984). It is thought that there are no phytoallexins in wheat. However, it is known
that lignification, a process that takes place after infection and requires protein
synthesis, is important in resistance to F. graminearum (Ride and Barber 1987).
Since 1983, a number of discoveries have identified that there is, in effect,
another component of Type" resistance. The important head blight organisms F.
graminearum and F. culmorum produce the trichothecenes DON and 3- or 15acetyledeoxynivalenol. These compounds are mycotoxins. but it turns out that
they are also very toxic at 10-6 to 10-7 M. It has been known for some time that
trichothecenes affect ribosomal protein synthesis by binding to the peptidyl
transferase enzymes..
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Table 2. Some Fusarium grtlmlnaarum and F. culmorum metabolites from
strslns from different countries.
Canada/US Japan

China

England

Butenolide

x

x

x

x

Culmorin

x

x

x

x

Culmorone

x

x

x

x

Deoxy sambucinol

x

x

x

x

Dihydroxyapotrichotheone

x

x

x

x

Sambucinol

x

x

x

x

7 hydroxylsotrichodermin

x

x

x

x

Calonectrin

x

x

x

x

8 hydroxyealoneclrin

x

x

x

x

x

3-acetyldeoxynivalenol

x

15-aeelyideoxynivalenol

x

Dihydroxy
calonectrin

x

x

x

x

Zeara/snone

x

x

x

x

Fusarin C

x

Deoxynivalenol

x

x

x

x

Nivaleool

x

Table 3. Some Fusarium crookwellensa metebolltes Irom strains from different countries.
New
Zealand

Canada

Soulh
Alrlea

Poland

Germany

Yugoslavls

BulenoUde

x

x

x

x

x

x

lsolriehodermin

x

x

x

x

x

x

8-1<elolootrichodermin

x

x

x

x

x

x

Sambueinol

x

x

x

x

x

x

7 hydroxyisotricOOdermin

x

x

x

x

x

x

8 hydroxyisotrichodermin

x

x

x

x

x

x

7,8 dlhyroxyisotrichodermin

x

x

x

x

x

x

4,15 diaeelyl
nivalenol

x

x

x

x

x

x

Fusarenone

x

x

x

x

x

x

x

x

x

x

x

x

Nivalenoi
ZearalBnone

x

x

x
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FHB-resistant cultivars have been found to be very tolerant to DON and its
monoacetate (Wang and Miller 1988a,b). This tolerance allows such cultivars to
continue synthesizing new proteins after infection. This would allow such
processes as lignification to proceed where they would not in trichothecenesusceptible cultivars. The biochemical basis of this tolerance depends on at least
two properties. Some cultivars possess enzymes that apparently conjugate or
degrade the trichothecene, thus rendering it inactive at the biochemical lesion
(Miller and Amison 1986, Miller and Greenhalgh 1988).
Some cultivars also have a mutant peptidyl transferase that is less sensitive to
the trichothecene (Miller 1989). It appears as well that there are differences in the
membranes of trichothecenetolerant cultivars that contribute to the overall
tolerance. Another example where trichothecene tolerance is associated with
resistance to a fungal disease--which produces trichothecenes--has been
reported for muskmelon and Myrothecuim (Kuti et al. 1989).
Several hundred cultivars have been examined for tolerance to trichothecenes in
the last few years from Chinese, Canadian, and CIMMYT sources. So far, all
those with field resistance to FHB show trichothecene tolerance.
Breeding for FHB Resistance
The traditional and highly successful method for determining whether a plant is
resistant to a fungal disease is to, in some way, infect the plant and rate the
symptoms. In the case of FHB, the deterioration of the quality of the crop is now
recognized to be a function of the concentrations of toxins more than yield loss
for example. Unfortunately, the visual FHB symptoms do not correlate very well
to the amount of toxin present. Correlations that have been obtained for maize
infected with F. graminearum (disease rating vs. DON content) range from 0.2 to
0.47 in some work. Similar poor correlations have been found in wheat (look
carefully at Foster et al. 1986). Andre Comeau (Agriculture Canada, Ste. Foy)
estimated that properly done experimental inoculations must be done more than
15 times to get an acceptable answer (resistant or susceptible) within the 90%
confidence interval.
An alternative is experimental inoculation and chemical analysis for the amount
of DON and ergosterol. Ergosterol is a steroi that is accumulated only by higher
fungi and is a quantitative measure of fungal biomass (Miller et al. 1985, Wang
and Miller 1988a). Unfortunately, this costs about Can$ 200-300 per line.
Wang and Miller (1988b) reviewed the solutions to this dilemma. Early screening
needs to be done in a carefully designed FHB nursery, and experimental
inoculations and chemical analysis should be done on material with promise. The
intermediate evaluation may be successfUlly done by doing a trichothecene
tolerance test. This requires access to some pure DON and acetyldeoxynivalenol
and is done with coleptile tissue (Wang and Miller 1988a,b).
As described above, the biochemical reasons why FHB-resistant cultivars are
trichothecene tolerant are becoming known and work is in progress to devise a
more convenient way to determine this property.
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Health/economic effects of fusarium
toxins in animal feed
H.L. Trenholm
Scientific Advisor
Safety and Quality of Feed and Animal Products
Animal Research Centre
Agriculture Canada
Ottawa, Ontario, Canada
Fusarium graminearum is a fungus that infects maize and small grains such as
wheat and barley (Scott et al. 1985). The mold produces metabolites or
mycotoxins that can be toxic to farm animals. At high concentrations of
mycotoxins in animal feed, serious signs of toxicity, including death, can occur
(Pier et al. 1980). At low dietary concentrations, the effects may be subtle, e.g.,
reduced productivity of livestock and poultry. At even lower concentrations in
feed, some mycotoxins that are immunosuppressants will cause increased
incidence of infectious diseases.
Feed Safety
The fusarium mycotoxins of primary importance are zearalenone (ZEN) and a
group of related metabolites called trichothecenes (inclUding vomitoxin, T-2 toxin.
and HT-2 toxin). A brief description
of their toxic effects is presented in Table 1.
c
Deoxynivalenol (DON) and ZEN contamination have been associated with many
reports of poor growth rates, reproductive problems and illness, especially in pigs
(Friend and Trenholm 1988). Vesonder et al. (1974) called the fusarium
metabolite "vomitoxin" when they observed emesis in pigs given a diet with the
toxin mixed in. However, vomiting is not frequently seen in swine, except at very
high concentrations of DON. Decreased feed intake, even complete feed refusal,
and reduced growth rate and weight loss are more common signs in swine of
DON intoxication. Poor weight gain associated with DON-contaminated feed is
due to reduced feed intake; increasing the diet density (increased energy,
protein, minerals, and vitamins) will improve performance in grOWing pigs as long
as the adverse effects of DON are not too severe (Chavez and Rheaume 1986).
It is suspected that DON also affects reproduction in swine. In another study,
Friend et al. (1983), who offered gilts wheat-based diets containing 0.1, 1.7, and
3.5 mg DON/kg, observed decreased feed consumption and poor growth rates.
There was a trend towards reduced fetal weight and length at 50-54 days of
pregnancy. There were no macroscopic signs of abnormal fetal development.
Chavez (1984) offered gilts 2.3 kg contaminated feed daily during pregnancy and
ad libitum during 3 weeks of lactation. There was no difference in body weight at
farrowing between gilts fed 3.3 mg DON/kg feed and the controls. At the highest
dietary concentration studied (3.3 mg DON/kg), there were trends towards
reduced feed intake and fewer pigs born alive compared with the controls, but the
differences were not significant.
ZEN is an estrogenic mycotoxin that affects reproduction--not feed intake and
weight gain. In sWine, field outbreaks involVing ZEN include swollen vulva and
sometimes vaginal and rectal prolapses. Etienne and Jemmali (1982) reported
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Table 1. Toxic effects of mycotoxins.
Mycotoxins

Clinical signs.

Vomitoxin (deoxynivalenol,
DON)

Decreased feed intake and
weight gain in pigs with DON
at ~2 mg/kg feed; vomiting and
feed refusal at very high concentrations of DON (~20 mg/kg)

Other trichothecenes:
• T-2 toxin
• HT-toxin
• diacetoxyscirpenol

More toxic than DON; reduced
feed intake; emesis;
skin and gastrointestinal
irritation; neuro-toxicity;
abnormal offspring; increased
sensitivity to disease;
hemorrhaging

Zearalenone (ZEN)

Swollen red vulva, vaginal
prolapse and sometimes
rectal prolapse in swine;
suckling pigs may show
enlargement pf vulvae;
fertility problems

a

mg/kg

= parts per million (ppm).

that a dietary concentration of 3.61 mg ZEN/kg given to mature gilts induced
pseudopregnancy. The gilts did not cycle and could not be successfully mated,
thus disrupting the breeding program. During pregnancy, ZEN can affect
pregnancy and fetal development. Sexually mature, post-puberal, cyclic gilts did
not show hyperestrogenism when given up to 10 mg of purified ZEN/kg feed from
days 5-20 of the estrous cycle (Edwards et al. 1987). In mature gilts, the main
effect of ZEN is an inhibition of fetal development including reduction in the
number of fetuses (Long et al. 1982). The studies carried out to date suggest that
ZEN concentrations ~4 to 5 mg/kg feed may affect pregnant and lactating sows
in farrowing operations. Recent data suggest that lower ZEN concentrations «1
mg ZEN/kg) in the diet may affect reproduction in swine (Friend and Trenholm
1988). Studies with fusarium-contaminated grain suggest that toxins other than
DON and ZEN are present and contribute to the adverse effects observed in
swine (Foster et al. 1986).
Poultry is very tolerant, however, higher dietary concentrations of DON may
affect the performance of laying hens (Hamilton et al. 1985). Ruminants, such as
cattle and sheep, may be protected by rumen microflora that detoxify DON (King
et al. 1984); but a recent survey report (Whitlow and Hagler 1987) showed an
association between reduced milk production and DON concentration in the diet.
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Economics
When the concentration of mycotoxins is sUfficiently high to cause adverse
effects in farm animals, net profits decrease. In the case of DON-contaminated
grain, feeding DON at concentrations ~2 mg DON/kg feed to swine will increase
the time required to produce finishing pigs at market weight. Increased health
problems associated with mycotoxin immunosuppression increase hog operation
costs. Likewise, reduced outputs of farrowing operations (lower number of feeder
pigs/sow/year) reduce cash income while operating costs remain the same or
higher--due to increased veterinary costs.
Current literature would indicate that poultry operations are not seriously affected
by low mg/kg concentrations of DON and ZEN. However, if the association
between dietary DON and dairy production is substantiated, fusarium toxins may
be a serious economic factor in the dairy industry.
Losses to grain and animal production are only part of the costs of mycotoxincontaminated grain. Reduced profits of producers impact directly and indirectly
on other industries such as construction, farm machinery and utilities, to mention
a few. Feed and food quality control and surveillance programs, illness of
exposed personnel, research and development, education, and training are all
added costs associated with mycotoxin-contaminated grain. Regulatory action,
law suits, and international trade restrictions also impact on agri-food industries
when mycotoxins are involved. The net result, when one considers the
concentrations of fusarium toxins present worldwide in grain and animal feed, is
that multi-million dollar losses are involved.
The Agriculture Canada publication #1827E entitled Reducing mycotoxins in
animal feed (Trenholm et al. 1988) presents a good review of the life cycle of
fusarium mold, prevention of mycotoxin contamination, detoxification, mycotoxin
residues in animal food products, and guidelines for the safe handling of moldy
grain. Copies in English, French, and soon Spanish are available from the
Communications Branch, Agriculture Canada, Ottawa, Canada KIA OC7.
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Current status of breeding wheat for fusarium head blight
resistance and the mycotoxin problem in the Netherlanas
C.H.A. Snijders
Foundation for Agricultural
Plant Breeding
Wageningen, the Netherlands
Breeding for Fusarium Resistance
Nurseries
In 1987, a nursery, consisting of 56 winter wheat genotypes (East European
genotypes, new Dutch varieties, and 16 forming a tester population) and 23
spring wheat genotypes (Brazilian and Chinese), was artificially inoculated with
one virulent strain of Fusarium culmorum (Fc39), a causal agent of fusarium
head blight (FHB). The heritability for this population was determined to be
0.74 (n=79).

In 1988, a nursery, consisting of 56 winter wheat genotypes (Hungarian and
East European genotypes, new Dutch varieties, and again 16 genotypes
forming a tester population) and 161 spring wheat genotypes (resistant
genotypes already screened in 1987, some additional Brazilian genotypes and
lines from the CIMMYT Fusarium and Septoria nurseries) was also artificially
inoculated with the same virulent strain of F. culmorum. The heritability for this
population was 0.49 (n=217).
Interactions between wheat genotypes and strains
A collection of 16 wheat genotypes was inoculated with four strains of F.
aulmarum. For this trial, a split-plot design was used on three blocks over 3
successive years. In 1986 and 1987, significant interactions were found
between the wheat genotypes and Fusarium strains..

It is possible to describe the interactions in terms of stability to environmental
changes (Bulmer 1985, Finlay and Wilkinson 1963). Each year, the strain
combination is treated as a separate environment. For each genotype, the
linear regression of the individual head blight values was compared with the
mean head blight values for 12 environments. The population mean has a
regression coefficient of 1.0. Genotypes characterized by regression
coefficients of the order of 1.0 have average stability over all environments.
When this is associated with low head blight values, varieties have general
resistance. Regression coefficients below 1.0 provide a measure of greater
resistance to environments with high disease pressure.
From these results, we conclude that the three environments with the highest
disease pressure are the combinations of one particular strain (Fc39) over the 3
years. There is no clear evidence for strain-specific resistance. Artificial
inoculation with one highly pathogenic strain appears to be enough to select for
FHB resistance.
F2 generation mean analysis and heritabilities
using a half dial/el design
For a genetic analysis of FHB resistance, 10 winter wheat genotypes, differing in
their resistance to FHB, were crossed in a half diallel in 1987. In a 1988 field trial,
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a replicated plot design was established where each plot consisted of 10 plants;
for each parent there were five plots; for each F1, one to four plots; and for each
F2 family, one to eleven plots--depending on the amount of seed available. Three
ears on each plant (marked with paint) were inoculated when 50% of the plants
within a given plot were flowering. Inoculation was repeated after 4 days. One
pathogenic strain of F. culmorum (Fc39) was used as inoculum (250,000
spores/ml). Head blight was observed at 14, 21, and 28 days after the first
inoculation.
From the results of the F1 (ear blight values observed 21 days after first
inoculation), it was concluded that resistance to F. culmorum head blight is
dominant. F2 generation analysis for head blight values observed 21 days after
first inoculation showed that the estimates for the heritabilities for overall
selection varied between 0.05 and 0.89. F2 generation analysis for the area
under the disease. progress curve showed that the estimates for the heritabilities
for overall selection varied between 0.07 and 0.88. There was no correlation
between head blight and earliness nor between head blight and plant height.
Systemic fungal growth
In a glasshouse trial using 12 winter wheat genotypes, systemic fungal growth of
F. culmorum in the culms was demonstrated. Fusarium foot rot (FFR) can lead to
infection of the higher stem internodes even under conditions where the climate
is not suitable for fusarium to spread. Seeds were sown in water-saturated
perlite, and vernalized.
To induce FFR, the roots of 20 seedlings of each genotype were dipped in a
spore suspension of the virulent strain Fc39 of F. culmorum and planted in
containers with nutrient-saturated perlite. After a few weeks, FFR symptoms
occurring as mycelium growth and brown longitudinal lesions developed on the
base of the culm. At flowering, the primary culm of each plant was harvested.
Each culm was cut at the nodes. After surface sterilization, the stem internodes
were cut longitudinally and plated on a Fusarium selecting medium.
Significant differences in resistance to this systemic fungal growth were shown.
The resistance to the systemic fungal growth showed no correlation with field
resistance to FHB in this small sample of 12 genotypes. The brown lesions on
the outside of the culm were quantified by counting the number of nodes and
internodes with brown flecks. This revealed a correlation with the systemic fungal
growth of r=0.67 (n=240). A selection of plants, grown in inoculated soil, with
symptomless culms could be regarded. as a first selection for resistance against
systemic fungal growth.
.
Fusarium epidemics and environment
The following data collected over the 1979-1986 period were used for multiple
regression:
• FHB:
% infected farmers' fields
% infected spikelets of infected fields
% infected farmers' fields of the preceding year
% infected spikelets of infected fields of preceding year
• FFR:
% infected farmers' fields
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% infected culms of infected fields
% infected farmers' fields of the preceding year
% infected culms of infected fields of the preceding year
• Fusarium seed infection of the preceding year
• Weather data:
Temperature sumo-June 15-July 15
Relative humidity sumo-June 15-July 15
Rainfall--June 15-July 15
Temperature sumo-June 15-July 15 of preceding year
Relative humidity sum--June 15-July 15 of preceding year
Rainfall--June 15-July 15 of preceding year
About 83% of farmers' fields infected by FHB is attributed to the percentage of
farmers' fields infected by FHB during the preceding year and the relative
humidity sum during the June 15-July 15 period of the preceding year.
About 79% of infected spikelets of FHB-infected fields is attributed to rainfall
during the June 15-July 15 period and the percentage of farmers'fields infected
by FFR in spring.
Only 39% of the infected culms of FFR-infected fields is attributed to fusarium
seed infection of the preceding year and rainfall during the June 15-July 15
period of the preceding year.
Mycotoxins
Seed sample analysis
Seed samples of winter wheat were analyzed for several trichothecene
mycotoxins and zearalenone (ZEN). The seed samples originated from a field
trial where 10 wheat genotypes differing in FHB resistance were inoculated with
three strains of F. culmarum. Deoxynivalenol (DON) concentrations ranged from
o to 50 mglkg. Nivalenol, 3-acetyldeoxy-nivalenol, fusarenon-X, and ZEN were
not detected. Interactions between strains and genotypes were observed for FHB
and DON content of the kernels. Two moderately virulent strains reduced yield by
means of lower kernel weight. Another virulent strain reduced yield by reducing
kernel number. High correlations were found between head blight, DON content,
and kernel weight reduction. A linear regression of DON on head blight was
estimated as DON content=0.5426* (ear blight). This suggests a causal effect of
DON content on kernel weight reduction.
Fusarium epidemics in the Netherlands
Data for fusarium epidemics in the Netherlands show that, during the 1979-1986
period, the percentage of farmers' fields infected varied from 17 to 100%. The
percentage of infected spikelets in the infected fields varied from 0.2 to 4.8%.
From the regression estimated above (0.5426) and the data for fusarium
epidemics, we can estimate the DON levels in Dutch wheat for the 1979-1986
period. DON levels varied from 0.02 to 2.50 mglkg of wheat. The per capita
Dutch consumption of wheat flour in 1986 was 53 kg. The assumed reduction of
DON content by cooking or baking is 40%. Using the established maximum
tolerable daily DON intake (in Ilg/kg body weight for adults) of 3.0 in Canada
(Kuiper-Goodman 1985) and 2.0 in the United States (Besling 1985) and a mean
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body weight of 60 kg, calculations show that, in some years, the daily DON intake
in the Netherlands was just about at the upper tolerance level.
Mycotoxin influence on plant growth
The direct influence of the mycotoxins DON and ZEN on plant growth was
investigated by growing wheat seedlings on a toxin-containing medium. Seeds of
four genotypes were superficially sterilized and incubated on wet filter paper
under sterile conditions. After autoclaving, the toxin was added to a medium
containing a 100% MS (Murashige and Skoog) salt mixture and 8 gil of purified
agar. About 12.5 ml of the medium was added to a culture vessel. After 48 hours,
four germinated seeds of each genotype were transplanted to the medium where
incubation took place at 16·C.

DON retarded germination and reduced coleoptile and root growth at a
concentration of 3.6 mg/kg. A concentration of 14.3 mg/kg DON completely
inhibited seedling growth. ZEN decreased coleoptile and root growth at a
concentration of 13.2 mglkg. A concentration of 26.4 mg/kg completely inhibited
seedling growth.
Differences among genotypes
A 5-mg DON/kg concentration demonstrated significant differences in response
to the toxin among 19 wheat genotypes. The growth progress curve is
described with a logistic curve:

y=c/(1 +e(-b'(x-m))
where: b = slope, m= point of inflexion, and c = upper asymptote. The estimates
for b, m, and c were used to describe, in a multiple regression, the results from
field trials for FHB, yield reduction, and weight reduction. This model did not fit
well. FHB could be explained only 31% of the time, yield reduction 27%, and
weight reduction 8%. Only slope and yield reduction were significantly
correlated (r=0.50). The reaction of the wheat seedlings on 5 mg/kg DON in
vitro did not show a strong relation with resistance factors in vivo.
The same experiment was repeated using 8 mg DON/kg. Results were still
inconclusive. Apparently. to find large differences among genotypes, an even
higher concentration will be needed.
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