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Characterization of mechanisms of defence in the rachis
of novel sources of resistance to Fusarium Head Blight
Dr. Shea Miller and Dr. Thérèse Ouellet, AAFC

Fusarium Head Blight (FHB)
caused by F. graminearum is a
devastating disease of wheat,
affecting production, utilization,
food safety and competitiveness
in Canada. Although fungicide
treatments and improved
agronomic practices can help to
reduce the FHB problem in low
to moderate infection years,
they are insufficient to
prevent epidemics.

The only long-term sustainable
solution is to develop resistant
wheat cultivars. Although
progress has been made in the
production of varieties with
some tolerance/resistance to
FHB, higher resistance levels,
and increased diversity in the
sources of resistance used are
required to produce wheat with
durable resistance and that will
sustain epidemic levels of FHB.

Progress has been made in the
development of germplasm
containing genetic material from
wild grass species related to
wheat, but little is known about
the cellular and molecular basis
of the acquired resistance. Our
initial studies on two of those
introgressed lines using the
entire wheat spike indicated
that the resistance mechanism
is operating in the rachis of the
infected floret, as there is little
penetration of the fungus
beyond the node of the
inoculated floret in the resistant
germplasm. Furthermore,

changes in gene expression
were noted at the molecular
level that identified a group of
genes whose expression
profiles correlated with the
resistance phenotype.

Current research will extend these
studies by focussing on the
chemical and molecular changes
occurring in the wheat rachis. The
knowledge acquired will be

essential in establishing breeding
priorities to combine the most
promising traits with the few
sources of resistance currently
used in breeding programs, with
the expectation that diversity and
level of resistance will both be
increased. Furthermore, the
knowledge acquired will be
applicable to breeding programs
in all classes of wheat.
This project is supported throughORD.
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A - UNTREATED

Biological control of Fusarium Head Blight and mycotoxin
contamination in wheat production in Ontario
Dr. Allen Xue, Agriculture and Agri-Food Canada

Fusarium Head Blight (FHB),
caused by Gibberella zeae
(Fusarium graminearum), is the
most destructive disease of
wheat in Ontario. The disease
reduces grain yield and quality,
and causes kernel contamination
with mycotoxin deoxynivalenol
(DON), which is detrimental to
humans and animals.

To manage FHB and mycotoxin
contamination in wheat, field
experiments were conducted in
2008 to evaluate a total of 20
selected bioagents for their
ability to inhibit perithecial
production of G. zeae and for the
control of FHB and DON
contamination, in comparison
with the registered fungicide
Folicur (tebuconazole). All 20
bioagents significantly reduced
the perithecial production
compared to the untreated

control. A fungal strain
ACM941 was the most effective
treatment, reducing the
production of perithecia by
67.5 percent which was
significantly better than Folicur
at 20.5 percent.

G. zeae spores from perithecia
are the only sources of initial
inoculum responsible for FHB
epidemics in Ontario. The
superior ability of ACM941 to
inhibit perithecial production on
crop residues have a significant
impact on successful
management of FHB by
diminishing infection pressure.
Among the six bioagents and
three formulated products
evaluated in two separate field
trials in 2008, ACM941 and its
formulated product ACM941-CU
were the only treatments that
significantly reduced FHB index,

Fusarium damaged kernals
(FDK), and DON.

The treatments reduced FHB
index by 30.8 percent and 31.4
percent, FDK by 17.8 percent and
43.8 percent, and DON by 30.8
percent and 37.1percent, for
ACM941 and ACM941-CU,
respectively in the field trials.
These effects were less than
those of the Folicur that reduced
FHB index by 98.8 percent, FDK
by 94.2 percent, and DON by
92.1 percent.

Results of this study suggest
that ACM941 is a promising
bioagent against G. zeae and
may be used as a control
measure in organic farming and
in an integrated FHB and DON
management program for
wheat production.

Research on formulation
technologies and scaling up for
mass-production of ACM941 is
underway in collaboration with Dr.
Harman at Cornell University, New
York to make the new biocontrol
product more stable, effective,
safe, and cost-effective. The use
of commercially produced
biocontrol products would result
in a reduction in the idespread
use of chemical fungicides,
therefore, minimizing the
economic and environmental
costs of controlling FHB and
achieving sustainable wheat
production in Ontario.

B - ACM941 TREATED C - FOLICUR TREATED

This project is supported throughORD.
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Weather based plant disease models
Ian Nichols, Weather INovations Incorporated

Fusarium Head Blight (FHB) in
winter wheat has become a
worldwide concern, reducing both
yield and grain quality. Ontario
wheat growers suffered
considerable losses due to this
fungal disease in 1996 and in
intermittent years thereafter.
Efforts have been made to
develop forecast models to
predict both the incidence and
severity of the Fusarium
organisms and/or the level of the
deoxynivalenol toxin (DON) in the
grain at time of harvest.

The Ontario model, DONcast, was
originally developed by Dr. David
Hooker and Dr. Art Schaafsma in
the early 2000s and has been
delivered by Weather INnovations
Incorporated (WIN) with the
assistance of The Ontario Wheat

Producers’ Marketing Board since
2002. The DONcast model is
based on a mathematical
statistical approach correlating
weather information to the
occurrence of DON at harvest.

The DONcast program in Ontario
was originally delivered in map
format. The map product spatially
displayed the DON risk,
referenced by heading date,
across Ontario. The map version
could not consider the roles that
wheat variety, previous crops or
tillage practices played on
individual farms. Furthermore,
because the entire province was
referenced in a daily map as
opposed to the heading date
biofix of individual wheat fields,
the map contained much
extraneous information.

To address these issues Site
Specific DONcast (SSD) is now
provided. Growers need to sign
up for SSD so specific variety,
tillage, previous crops and
heading dates are available to
the model on a field by field
basis when the grower calculates
the SSD values.

Sponsorship from an industrial
partner, in cooperation with
funding from the OWPMB will
allow Ontario growers
subscription to SSD in 2009
without charge along with
customer support. The
sponsorship will also provide
access to SPRAYcast and
WHEATcast, two companion
programs for the benefit of
Ontario wheat producers.
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Testing and development of winter durum wheat cultivars
Dr. Lily Tamburic-Ilincic, University of Guelph, Ridgetown Campus

The classes of wheat most
frequently grown in Ontario
include soft red winter, hard red
winter, soft white winter and
hard red spring. Durum wheat
is used for pasta and other
noodle production and has the
potential to be established as a
new class of wheat in Ontario.

Higher returns for durum wheat
compared to other wheat
classes have the potential to
attract farmers to grow this
class of wheat, especially in
south-western Ontario. However,
at present there is just one
spring durum wheat variety
registered in Ontario. The
objective of this study is to
evaluate agronomic
performance, quality
characteristics and to estimate
the level of Fusarium Head
Blight (FHB) in winter durum
wheat in Ontario.

In 2006, the University of
Guelph, Ridgetown Campus,
started to evaluate agronomic
performance for winter durum
cultivars from the Virginia Tech
University breeding program and
Europe (Hungary, Serbia). Winter
survival, plant height, heading
date, disease incidence
(Powdery mildew, Leaf rust,
Septoria leaf, Barley yellow dwarf
virus), test weight, total kernel
weight, yield and protein level
were recorded for each cultivar.

In general, durum wheat is
considered to be highly

susceptible to FHB. But using
the FHB nursery at the
Ridgetown Campus we were able
to screen winter durum lines
and evaluated each line for FHB
severity, incidence and
deoxynivalenol (DON) level in
harvested grain.

Howson & Howson Ltd., a milling
company based out of Blyth,
Ontario, analyzed the grain for

quality characteristics. As result
of this project, the first winter
durum (VA05WD-31) was
supported for registration by
Ontario Cereal Crops Committee
in January 2009. Additional
winter durum lines from
Germany and Virginia were
planted in 2008 and will be
evaluated in 2009 and 2010.

This project is supported throughORD.
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Strategies for the development of high quality spring
wheat for Ontario
Dr. Judith Frégeau Reid and Dr. Harvey Voldeng, Agriculture and Agri-Food Canada

Wheat end-use quality is linked
to the amount of grain protein
and to the presence of specific
protein types (subunits) in the
grain. Various combinations of
protein types will result in
differences in dough strength
between varieties.

Wheat breeders can now use
screening tools such as
molecular markers or
electrophoresis of protein
subunits to readily identify the
presence or absence of specific
protein types.

The objectives of the project are
to better understand the
usefulness of the two breeding
strategies that have been
applied in the Eastern Cereal

and Oilseed Research Centre’s
breeding program:

1. The introduction of the high
grain protein gene

2. Identification of protein
subunit combinations or over
production of subunit 7 in
varieties and breeding lines.

In preliminary trials, the grain
protein gene increased grain
protein percentage by 0 to 1.1
points with minor or no change
in dough strength. We do not
expect a significant effect
on yield.

Recent research has shown that
the over production of one
particular protein subunit

(number 7) usually gives an
increase in dough strength.
This over production of subunit
7 is present in AC Barrie, a
western Canadian bred variety
that has been grown by
producers in Ontario and found
by millers and bakers to be of
excellent quality. We have
detected subunit 7 in
Mackenzie and Norwell
(heterogeneous), and in
experimental lines AW620,
AW625 and EC0017.8. Lines
AW620 and AW625 have low
protein and high yield, but
baking qualities are better than
the percentage protein would
indicate. Further research will
show if this improved baking
quality is a result of subunit 7.



Incorporating fusarium resistance with high yield in winter
wheat
Dr. Radhey Pandeya

Fusarium Head Blight, (FHB),
winter-kill and pre-harvest
sprouting remain as three
major production constraints
factors affecting sustainable
wheat production in Ontario
and other eastern Canadian
provinces. Ontario producers
have a good number of wheat
cultivars available, but current
cultivars offer variable levels of
tolerance to FHB, with many
being highly susceptible.

FHB, a global problem, has
been adversely affecting crop
productivity and product
quality/safety in North America
since the early 1980s. Wheat
and barley crops have been
sustaining severe loss to

productivity, quality and safety
in the US and Canada. Ontario
alone lost between $100 and
$200 million during the 1996
epidemic. In addition to
reducing yield, FHB leaves
mycotoxin (DON) residues on
grains and impairs grain
quality. This results in severe
financial issues for farmers, as
fusarium infected wheat is
often not suitable for milling
and must be channelled to
lower value feed markets.

The objectives of this project
are:

1. To reduce fungal mycotoxin
on grain and grain products
by developing good quality,

high yielding winter wheat
varieties with
resistance/tolerance to FHB

2. To monitor FHB symptoms
and toxin in Ontario winter
wheat cultivars by
evaluating Fusarium
tolerance and grain toxins
in the Fusarium inoculation
nursery of all performance
test entries, including
cooperators’ entries for
registration

3. To broaden the genetic
base of Fusarium
resistance by combining
Brazilian, Chinese and
European sources of
resistance into a common
genetic background.

54

WHEAT
RESEARCH



55

WHEAT
RESEARCH

A strategy to improve wheat yield and quality through
integrated management of fusarium head blight
Dr. Lily Tamburic-Ilincic and Dr. Art Schaafsma, University of Guelph, Ridgetown Campus

The fungal pathogen Fusarium
Head Blight (FHB) causes huge
economic losses to winter wheat
and other cereal crops in Canada
and around the world. Losses
come in the form of yield
reductions and in the form of
grain contaminated by fungus
toxins, also called mycotoxins.
The most important of these
toxins, deoxynivalenol (DON), is a
threat to human and animal
health and is regulated in the
food and feed industry.

Breeding for resistance to this
disease is the most desirable
solution, but the genetics of
resistance are very complicated
and difficult to manipulate.
There are no known, single
effective resistance genes to
fusarium, requiring the use of
multiple genes. The Ridgetown
Campus developed the breeding
line named RCATL33, with
combined FHB resistance and
reduced DON accumulation
derived from Sumai 3 and
Frontana. The germplasm was
successfully developed using a
combination of conventional
and molecular breeding.
However, RCATL33 is lacking in
high yield potential, so can not
be registered as a cultivar
in Ontario.

Better understanding of the
influence of quantitative trait loci
(QTLs) associated with
pyramided sources of FHB
resistance on quality and yield of
winter wheat will be gained

through this project. Ultimately
the goal is to provide Canadian
winter wheat producers with
germplasm or varieties that are
resistant to FHB, while being
globally competitive in yield
and quality.

Through collaboration with
breeding organization in Ontario
and the rest of Canada, new
genetic material and cultivars will
be developed into varieties that
are adapted to Ontario’s unique
growing conditions to allow
Ontario farmers to directly
benefit from this research.

The current project is also well
aligned with international efforts.
In 2006, German-Canadian
collaboration was established to
create a joint effort in wheat FHB
research through a project

named “Reducing the content on
Fusarium toxins in wheat”. The
partners in the Canadian effort
include Agriculture and Agri-Food
Canada (AAFC), University of
Manitoba and University of
Guelph, Ridgetown Campus, and
we have a common workplan
that avoids redundancy and
shares results. Three of the
seven winter wheat lines most
resistant to FHB, evaluated in
Canada and Germany, were
selections from the breeding
program at Ridgetown, and two
evaluated lines from our program
were more resistant than
RCATL33. The scientific
discoveries anticipated from this
project will be directly applicable
to developing varieties of winter
and spring wheat for growing
regions outside of Ontario.
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Management of problem weeds in corn, soybean
and wheat
Dr. Peter Sikkema, University of Guelph, Ridgetown

In 2007 and 2008, 28 and 35 field
experiments were conducted,
respectively, for a total of 64
experiments over a two-year period.
29 trials were conducted in corn,
22 in soybean and 13 in wheat.
Field studies were established in
growers’ fields in Chatham-Kent,
Elgin, Essex, Huron, Middlesex and
Perth counties as well as at the
Huron Research Station and the
University of Guelph, Ridgetown
Campus.

Control strategies were evaluated
for the management of the following
problem weeds: volunteer adzuki
bean, spreading atriplex, wild carrot,
common chickweed, cocklebur,
crabgrass, dandelion, jimsonweed,
prickly lettuce, primrose, giant
ragweed, sandbur, annual sowthistle
and vetch.

KEY RESULTS:
Large crabgrass: In beans, Assure II
or Venture applied post-emergence
provide the best control of
crabgrass of the graminicides
evaluated.

Long-spined sandbur: Eight
experiments have been completed
on the control of sandbur in corn.
Converge provides the best control
of the pre-emergence options

available but the control is still only
fair. Define, Dual II Magnum,
Frontier, KIH-485 and Prowl applied
pre-emergence provide poor control
of sandbur in corn. Accent and Elim
applied post-emergence provide
good control of sandbur while Ultim,
Impact, Option and Summit provide
fair control and Callisto provides
poor control.

In soybeans, none of the pre-
emergence herbicides (Command,
Define, Dual, Frontier, KIH-485)
provide commercially acceptable
control of long-spined sandbur. Of
the post-emergence options,
Assure, Excel Super and Venture
provide good control while Select
and Poast provide fair control.

Volunteer adzuki bean: In soybeans,
the pre-emergence application of
FirstRate, Lorox, Sencor,
flumetsulam or Pursuit provide very
poor control of volunteer adzuki
bean. Classic, applied post-
emergence, provides fair control of
volunteer adzuki bean in
conventional soybean while Blazer,
Reflex, Basagran, Pinnacle,
FirstRate, Pursuit and Clean Sweep
provide very poor control.
Glyphosate, applied post-
emergence, provides good control in
Roundup Ready soybean.

Spreading atriplex: Pre-plant in
soybeans, Roundup provides only
fair control of spreading atriplex.
Tank mixes of Roundup plus either
Sencor, Lorox, Conquest or
Boundary provide excellent control
of spreading atriplex prior to
seeding soybean.

Wild carrot: The post-emergence
product of choice in conventional
soybean is Classic. In Roundup
Ready soybean, glyphosate at 900
and 1,800 gallons per hectare
provide 33 and 80 percent control,
respectively.

Chickweed, common: Refine Extra
and Trophy, applied post-emergence
in winter wheat provide excellent
control of common chickweed while
Infinity provides fair control. 2,4-D,
MCPA, Target, Estaprop, Lontrel and
Buctril provide poor control of
chickweed in winter wheat.

Cocklebur: In corn, BAS 781, BAS
800 and Converge applied pre-
emergence provide greater than 75
percent control while atrazine,
Banvel, Callisto plus atrazine and
Marksman provide less than 75
percent control. Banvel and
Marksman applied post-emergence
provide excellent control of
cocklebur in corn while Distinct,

WATERHEMP CONTROL IN CORN WITH CONVERGE SANDBUR CONTROL IN CORN WITH OPTION BUR CUCUMBER CONTROL IN CORN WITH PARDNER
+ ATRAZINE
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PeakPlus, Summit and Callisto plus
atrazine provide good control.
Atrazine, Shotgun, Pardner plus
atrazine, Impact plus atrazine and
Laddok do not provide commercially
acceptable control of cocklebur
in corn.

In soybeans, FirstRate applied pre-
emergence provides excellent full
season control of cocklebur while
Lorox, Sencor, Pursuit, Command
and Python all provide poor control.
FirstRate applied post-emergence
provides excellent full season
control of cocklebur in IP soybean.
Classic, Pursuit and Clean Sweep
provide fair control and Blazer,
Reflex, Basagran and Pinnacle
provide poor control.

Dandelion: The post-emergence
application of dichlorprop/2,4-D
(Dichlorprop D, Estaprop or
Turboprop) in the spring provides
excellent dandelion control in
winter wheat.

Jimsonweed: In corn, the pre-
emergence herbicides containing
atrazine (atrazine, Marksman,
Converge plus atrazine, Callisto plus
atrazine) plus BAS 781 provide
excellent control of jimsonweed
while Banvel and BAS 800 provide
good control.

Prickly lettuce: In winter wheat, the
growth regulator herbicides (2,4-D
amine, 2,4-D ester, MCPA amine,
MCPA ester, Dyvel, Target and
Estaprop) all provide good control of
prickly lettuce.

Primrose: In winter wheat, 2,4-D,
Target, Estaprop, Refine Extra and
Trophy provide excellent control of
primrose in winter wheat while
MCPA and Buctril provide good
control. Lontrel and Infinity
provide fair control of primrose in
winter wheat.

Giant ragweed: In corn, none of the
pre-emergence herbicides (atrazine,
Banvel, Marksman, Converge plus
atrazine, Callisto plus atrazine, BAS
800 and BAS 781) provide
commercially acceptable control of
giant ragweed. In contrast, all of the
post-emergence herbicides
(atrazine, Banvel, Distinct,
Marksman, Shotgun, Pardner plus
atrazine, PeakPlus and Summit)
except Callisto plus atrazine provide
excellent control of giant ragweed.

In soybeans, FirstRate applied
pre-emergence provides good
control of giant ragweed while
Lorox, Sencor, Command, Python
and Pursuit provide poor
control. FirstRate, applied post-

emergence provides near
perfect control of giant ragweed
in soybeans, Pursuit provides
good control, Clean Sweep
provides fair control and Blazer,
Reflex, Basagran, Pinnacle and
Classic provide poor control of
giant ragweed.

In wheat all of the post-
emergence herbicides (2,4-D,
MCPA, Estaprop, Lontrel, Target,
Refine M, Trophy, Infinity)
evaluated with the exception of
Buctril M provide excellent control
of giant ragweed in winter wheat.

Sowthistle, annual: In soybeans,
Classic applied post-emergence
provides excellent control of
annual sowthistle while Blazer,
Reflex, Basagran, FirstRate,
Pursuit and Clean Sweep provide
good control. Pinnacle provides
only fair control of annual
sowthistle in soybean.

Vetch: Trophy, applied post-
emergence in winter wheat,
provides excellent control of
tufted vetch. Banvel, Dyvel, Target
and 2,4-D provide good control,
MCPA, Estaprop and Lontrel
provide good control and Buctril M
and Refine Extra provide poor
control of tufted vetch in wheat.

WATERHEMP CONTROL IN CORN WITH PRIMEXTRA
PLUS CALLISTO

SPREADING ATRIPLEX CONTROL IN CORN WITH
PARDNER + ATRAZINE

GIANT RAGWEED IN CORN
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Gains to be made from the long-term rotation trial at
Ridgetown
Dr. David Hooker, University of Guelph, Ridgetown Campus

The vast majority of current
research in agronomy is based
on short-term results (e.g., yield
response to applied nitrogen or
to plant population). However, it
takes many years to determine
the impact of crop management
decisions on soil structure, and
likewise, it takes many years to
build structure for high
productivity. Long-term studies
are critically important to
determine the impact of
management on returns in the
long term, and to determine the
stability of net returns from year
to year.

The main purposes of this
project is to determine the yield
formation process that are in
uniquely near steady state
conditions in various rotations

across tillage systems as well
as to identify the stress factors
on corn, soy and wheat
performance and investigate
ways to mitigate those stress
factors. Lastly, the project aims
to invest efforts toward the
development of an Ontario Soil
Health Test through varied soil
qualities established in the
plots, similar to the test
developed by Cornell University.

The long-term rotation-tillage-
nitrogen project has been
managed by Doug Young since
1995 on Brookston soil at
University of Guelph, Ridgetown
Campus. The project in
Ridgetown is on a soil type that
challenges the feasibility of pure
no-till. The crop rotation
sequences for the past 13 years

include: continuous corn,
continuous soy, corn-soy, soy-
wheat, and corn-soy-wheat under-
seeded. All of these rotations
have a split of a moldboard
system and a no-till system. Each
corn and wheat plot is further split
into four different nitrogen rates.
New production systems at these
trials will be deployed to suit best
management practices on this soil
type.

Producers in Ontario need
assurances to deploy cropping
systems with consistent high
net returns in the short term,
while maintaining or improving
soil productivity in the long term
for realizing genetic gains
predicted by breeders and the
biotech industry.
This project is supported throughORD.
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SMART initiatives for increasing wheat and soybean
performance in Ontario
Dr. David Hooker, University of Guelph, Ridgetown Campus; Peter Johnson, Horst Bohner, Albert Tenuta and Tracey Baute, OMAFRA

WHEAT
In small plot trials we
investigated all combinations of
three fungicide timings (at
herbicide timing, at flag leaf and
at heading) across three
nitrogen rates and on three to
seven wheat varieties per field
location. The small plot trials
were installed at three farm
locations in southern Ontario,
along with 15 field-length strips
on farm fields of selected
treatments from the intensive
plots.

Overall, wheat responded to high
rates of nitrogen applications in
the highest yield environments,
but especially when combined
with one or more fungicide
applications. This is new
information for Ontario
production systems. Some
wheat varieties did not respond
to either high rates of nitrogen
or to one or more fungicide
applications.

These differential responses
amongst wheat varieties may be
attributed to genetic tolerance of
leaf diseases, especially at high
rates of nitrogen application.
Overall, preliminary results from
these trials show potential to
improve wheat management
systems in Ontario towards
higher levels of return.

This project will be completed
with both agronomic and
economic analysis after the
2010 growing season.

SOYBEAN
In small plot trials we
investigated all combinations of:

1. With and withought vertical
tillage before no-till

2. Seed treatments (HiStick and
CruiserMaxx)

3. With and without soil-applied
fertilizer

4. Foliar fungicide (Quadris)
5. Foliar insecticide (Matador)

All of these treatments and
combinations of treatments were
installed on both beans planted
early and late. Selected treatment
combinations from the small plots
were also installed on 15 firls-
length strips on farms across
southern Ontario. Unfortunately, in
2008, both intensive small plot
trials were established later than
planned due to excessive rainfall
in the spring.

Preliminary results indicate
several interactions amongst
agronomic inputs. For example,
early planting showed the highest
yields when combined with seed
treatments, but seed treatments
showed little effect in late planted
treatments.

Late planted soybeans tended to
respond to fertilizer more than
early planted soybean, but the
economic returns would be poor
in either planting date when
averaged across all sites, but was
economically favorable at sites
with low fertility.

Insecticides and fungicides
increased yields where pests
were present and with early
planting.

Overall, these preliminary
findings indicate several
interactions amongst agronomic
inputs that need further
investigation and review in
subsequent years. These
findings also indicates the
costs of mismanagement such
as planting and tillage when
soils are too wet, using no
fertilizer in low testing
conditions, and missing
opportunities for control of
insect and disease pests.

This project will be completed
with both agronomic and
economic analysis after the
2010 growing season.




