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Abstract: Fusarium head blight (FHB) is one of the most serious diseases of wheat (Triticum aestivum L.).
FHB reduces grain yield and quality, and the fungus produces mycotoxins, such as deoxynivalenol (DON).
The most practical way to control FHB is through the development of resistant cultivars. In addition to exotic
sources of resistance (such as cultivars Sumai 3 and Frontana), native sources of resistance are commonly used
in winter wheat breeding programs in North America. In 1996, 2000, and 2004 severe epidemics of FHB cost the
winter wheat industry in Ontario, Canada combined over $200 million. All wheat grown in Ontario is entered
in the Ontario Winter Wheat Performance Trial (OWWPT) and tested every year for Fusarium resistance and
DON level in three inoculated FHB nurseries. The objective of this study is to explain how the index that ac-
counts for FHB symptoms and DON level jointly was developed, and how stable the performance of the cultivars
grouped to susceptibility classes has been over a number of years. The index is related to Fusarium susceptibility
classes (moderately resistant — MR, moderately susceptible — MS, susceptible — S and highly susceptible — HS),
robust, stable, open-ended (old cultivars out, new cultivars in) and useful to farmers in making cultivars selec-
tion decisions. This information is available to growers and industry through the website www.gocereals.ca.
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Fusarium graminearum (Schwabe), the anamorph
of Gibberella zeae (Schw.) Petch., is the principal
cause of Fusarium head blight (FHB) in North
America, one of the most serious diseases of wheat

Several types of resistance and/or tolerance to
FHB have been described. Type I is resistance to
initial infection; type Il is resistance to the spread
of the disease within the spike, and type III is

(Triticum aestivum L.). FHB reduces grain yield
and quality, and the fungus produces mycotoxins,
such as deoxynivalenol (DON) (DEXTER et al. 1997),
which contaminate the grain. The most practical
way to control FHB and obtain low level of DON
in grain is through the development of resistant
cultivars (KocH et al. 2006). However, different
types of resistance and their polygenic control
make breeding for FHB resistance very difficult.
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tolerance to DON accumulation (SCHROEDER &
CHRISTENSEN 1963; MESTERHAZY 1995). The
major source of FHB resistance used in many
breeding programs is Asian source Sumai 3 (BAI
& SHANER 2004). Brazilian spring wheat cultivar
Frontana is also frequently used as FHB donor
parent (VAN GINKEL et al. 1996). However, in
addition to exotic sources of resistance (such as
cultivars Sumai 3 and Frontana), native sources
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of resistance are commonly used in winter wheat
breeding programs in North America.

In 1996, 2000, and 2004 severe epidemics of
FHB cost the winter wheat industry in Ontario,
Canada combined over $200 million. The wheat
industry in Ontario including seed companies,
producers and end-user, endorses and supports
the formal registration of wheat varieties grown
for commercial wheat production. Prior to 1997,
agronomic and quality characteristics were the
only criteria required for wheat registration. After
the 1996 epidemic, the entire industry through the
Ontario Cereal Crop Committee (OCCC) mandated
that all candidate cultivars considered for registra-
tion must be screened for resistance to Fusarium
by public and private breeding programs as part of
the registration requirements. The OCCC organized
multiple FHB inoculated sites across Ontario with
designated check cultivar(s) for comparison with the
candidate wheat cultivar(s). After registration, all
wheat cultivars grown in Ontario are entered in the
Ontario Winter Wheat Performance Trial (OWWPT)
and tested every year for Fusarium resistance and
DON level in three inoculated FHB nurseries. The
objective of this study is to explain how the index that
accounts for FHB symptoms and DON level jointly
was developed, and how stable the performance of
the cultivars grouped to susceptibility classes has
been over a number of years.

MATERIALS AND METHODS

Winter wheat cultivars entered in OWWPT were
planted in three locations (Ridgetown, Ottawa and
Nairn) in Ontario, Canada from 2002 to 2010. At
each location, the plots were planted in a rand-
omized block design with four replications. The
plots were single rows, 2 m long, spaced 17.8 cm
apart containing 100 seeds each. F. graminearum
inoculum was produced from single spore cul-
tures of four isolates grown seven to ten days on
PDA under 24 h UV light. Two plugs of mycelium
(1 cm diameter) of each isolate were added per
one flask to a liquid medium to induce sporulation
of the pathogen (TAMBURIC-ILINCIC ef al. 2007).
The plots were spray-inoculated with a combined
suspension of macroconidia of the isolates at a
concentration of 5 x 10* spores/ml. Due to differ-
ences in flowering date, each cultivar was sprayed
when wheat heads were at 50% anthesis (ZGS 65,
ZADOKS et al. 1974). Nurseries were mist irrigated
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daily to promote fungal development, until three
days after the last inoculation. Each cultivar was
assessed for visual symptoms at the early dough
stage (ZGS 83), and rated for FHB incidence (per-
cent of spikes infected) and severity (percent of
spikelets infected). Disease levels were calculated
as Fusarium head blight index (FHBI), which was
the product of the percent heads infected and the
percent spikelets infected, divided by 100. Harvested
mature grain samples were ground using a Romer
mill (Model 2A, Romer Labs, Inc. Union, MO). DON
was extracted from a 10 g subsample of ground grain
in 50 ml deionized water. Quantification of the DON
was analyzed using EZ-Quant® Vomitoxin ELISA kit
from Diagnostix (www.diagnostix.ca) with a DON
detection limit of 0.5 ppm (SINHA & SAVARD 1996)
using bulked samples from the three replications of
each cultivar. Data from individual locations were
ranked for FHBI and DON separately, and then rank-
ing for each trait were combined over locations. The
overall mean ranking for FHBI and DON were then
combined together and the combined ranking value
was ranked to give a single value for the combine
traits. The varieties were scored as follows: 1 > 1SD
below mean (moderately resistant — MR), 2 < 1SD
below mean (moderately susceptible — MS), 3 < 1SD
above mean (susceptible — S), 4 > 1SD above mean
(highly susceptible — HS). Pearson correlation coef-
ficient between traits was calculated using the PROC
CORR statement (SAS Institute Inc. 2004).

RESULTS

High FHB index and DON levels were obtained
across the cultivars tested in 2009 OWWPT; FHB
index ranged from 3.0% to 49.2% and DON from
6.3 ppm to 34.0 ppm (Table 1). Average level for
FHB index and DON level was 9.8% and 9.2 ppm;
16.3% and 13.0 ppm; 24.9% and 14.7 ppm; 33.5% and
25.3 ppm for cultivars rated as MR, MS, S and HS,
respectively. Nine winter wheat cultivars were rated
MR (20.4%), twelve MS (27.3%), fifteen S (34.1%)
and eight HS (18.2%). Cultivars 25R51, FT Wonder,
Vienna and AC Morley had excellent resistance
to FHB and low DON level in the grain, while AC
Mackinnon and E1009W had very high FHB index
and DON level (Table 1). However, some cultivars
had lower DON level than expected based on FHB
index (ACS55017) and opposite (Benefit was ranked
5t for FHB index and 35" for DON level). Example
of ranking cultivars, from three different inoculated
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Table 1. Fusarium head blight incidence, severity, index (%), deoxynivalenol level, ranking and score of winter
wheat used for Fusarium rating in OWWPT in 2009

Incidence Severity =~ FHBI Rank DON Rank  Combined
Name

Rank Score Rating

(%) FHBI*  (ppm) DON**,
AC Morley 61.3 22.3 13.5 13 6.3 1 14 4 1 MR
Superior 75.0 33.0 24.8 31 13.3 17 48 23 3 S
AC Mackinnon  77.5 45.8 35.4 41 25.7 42 83 41 4 HS
AC Mountain 62.5 31.3 19.7 23 17.2 34 57 31 3 S
Maxine 70.0 31.3 21.6 28 15.8 31 59 34 3 S
Warthog 60.0 24.0 13.8 15 11.3 11 26 10 2 MS
Harvard 66.3 31.3 21.8 27 15.5 30 57 31 3 S
Carlisle 82.5 27.0 22.9 29 24.5 39 68 37 4 HS
Vienna 52.5 20.5 10.0 7 11.3 11 18 6 1 MR
FT Wonder 46.3 22.3 10.5 6 8.8 5 11 3 1 MR
AC Sampson 57.5 41.5 24.1 30 14.3 23 53 29 3 S
25R47 88.8 30.0 26.6 32 11.4 14 46 22 3 S
D8006W 61.3 325 21.5 24 11.2 9 33 15 2 MS
Emmit 52.5 27.0 15.2 14 13.9 22 36 18 2 MS
E1007R 72.5 41.3 314 37 13.8 21 58 33 3 S
RO45 62.5 32.5 22.6 26 11.2 9 35 16 2 MS
Huntley 81.3 34.3 28.4 35 14.6 26 61 35 3 S
Becher 60.0 30.0 18.9 21 9.6 6 27 11 2 MS
Ava 26.3 20.5 6.0 2 11.7 15 17 5 1 MR
Wentworth 72.5 37.3 26.5 33 19.0 38 71 38 4 HS
ADV Dyno 75.0 27.0 19.4 25 10.2 7 32 14 2 MS
RO55 77.5 37.3 29.6 36 13.4 19 55 30 3 S
E1009W 78.8 49.5 40.0 43 30.5 43 86 44 4 HS
25R56 87.5 37.3 32.7 39 14.3 23 62 36 3 S
Ninja 60.0 32.5 20.8 22 15.2 29 51 25 3 S
Branson 57.5 30.0 17.5 19 16.2 32 51 25 3 S
Benefit 50.0 20.0 10.0 5 17.9 35 40 19 2 MS
Stanford 65.0 24.0 15.2 16 7.5 4 20 7 1 MR
E0028W 75.0 45.8 34.1 40 34.0 44 84 42 4 HS
VA03W-409 85.0 57.0 49.2 44 24.6 40 84 42 4 HS
25R51 15.0 20.0 3.0 1 6.5 2 3 1 1 MR
HY 116-SRW 55.0 22.3 12.5 10 13.3 17 27 11 2 MS
25W36 90.0 34.3 30.8 38 25.3 41 79 40 4 HS
25W43 70.0 22.3 16.2 17 17.9 35 52 28 3 S
Princeton 40.0 19.3 7.9 3 7.2 3 6 2 1 MR
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Table 1 to be continued

Incidence Severity =~ FHBI Rank DON Rank  Combined

Name %) FHBI*  (ppm) DON®, ** Rank Score Rating
CM153 55.0 29.5 18.8 18 16.6 33 51 25 3 S
Carnaval 37.5 22.3 9.0 4 12.6 16 20 7 1 MR
Surge 60.0 29.5 20.9 20 14.3 23 43 21 2 MS
OTF013-081 55.0 24.0 13.1 11 11.3 11 22 9 1 MR
25R39 65.0 21.0 13.7 12 15.1 28 40 19 2 MS
ACS55017 77.5 49.8 39.4 42 10.8 8 50 24 3 S
Palmer 37.5 32.5 14.0 9 14.6 26 35 16 2 MS
CM3534 72.5 38.3 29.0 34 18.8 37 71 38 4 HS
RO85 50.0 23.5 13.2 8 13.6 20 28 13 2 MS
Mean 63.2 31.0 21.0 15.0

SD 16.4 9.1 9.9 6.0

FHBI - Fusarium head blight index; SD — standard deviation; MR — moderately resistant; MS — moderately susceptible;
S — susceptible; HS — highly susceptible; ***combined rank is sum of FHBI rank (*) and DON rank (**)

Table 2. Fusarium head blight index ranking and deoxynivalenol (DON) level ranking from three inoculated nurse-
ries (Nairn, Ridgetown and Ottawa), combined ranking and score of moderately resistant-MR (1) and moderately
susceptible-MS (2) cultivars entered in Ontario Winter Wheat Performance Trial (OWWPT) in 2010

Cultivar FHBI rank DON rank Combir:ed Rank**  Score
Nairn Ridg Otta mean  Nairn Ridg Otta mean rank*
Ava 3 1 10 4.7 2 3 14 6.3 11 1 1
AC Morley 1 4 6 3.7 1 13 7.7 11 2 1
Stanford 15 2 16 11.0 2 2 1 1.7 13 3 1
25R51 2 3 36 13.7 1 4 27 10.7 24 6 1
SC-06215R 11 6 32 16.3 2 5 2 3.0 19 4 1
RCDH-19/21 5 15 1 7.0 23 12 16 17.0 24 5 1
TW271 x 099 14 5 6 8.3 23 8 18 16.3 25 7 2
Benefit 12 12 12 12.0 30 6 2 12.7 25 8 2
SC-07201R 17 20 24 20.3 9 14 25 16.0 36 12 2
25R39 6 8 17 10.3 2 41 23 22.0 32 11 2
ACS56113 21 14 14 16.3 23 11 28 20.7 37 13 2
SC-07203R 25 7 28 20.0 18 13 2 11.0 31 9 2
E1007R 28 11 4 14.3 23 22 30 25.0 39 16 2
25W36 10 23 9 14.0 29 19 26 24.7 39 15 2
Carnaval 8 17 29 18.0 2 38 2 14.0 32 10 2
Huntley 21 40 11 24.0 9 21 12 14.0 38 14 2

Ridg = Ridgetown, Otta = Ottawa; *combined rank is sum of FHBI mean rank and DON mean rank; **rank of combined
rank
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Table 3. Fusarium score of winter wheat cultivars over eight years (Ontario Winter Wheat Performance Trial,

2002-2009)

Name 2002 2003 2004 2005 2006 2007 2008 2009 I:iiig Rating
AC Morley 1 1 1 1 1 1 1 1 1.0 MR
Superior 3 3 3 3 3 3 3 3 3.0 S
AC Mackinnon 4 4 4 4 4 4 4 4 4.0 HS
AC Mountain 2 2 2 2 3 3 3 3 2.5 MS
Maxine 3 3 3 3 4 4 3 3 3.3 S
Warthog 2 2 2 2 2 2 2 2 2.0 MS
Harvard 3 3 3 3 3 3 4 3 3.1 S
Carlisle 2 2 2 2 2 2 2 4 2.3 MS
Vienna 1 1 1 1 1 1 1 1 1.0 MR
FT Wonder 1 1 1 1 1 1 1 1 1.0 MR
AC Sampson 3 3 3 3 4 4 4 3 3.4 S

MR — moderately resistant; MS — moderately susceptible; S — susceptible; HS — highly susceptible

nurseries, for FHBI and DON level first and then
combining them for scoring the most resistant
cultivars (MR and MS) entered in OWWPT in
2010 is presented in Table 2. The lowest ranking
for FHBI and DON level across all locations had
AC Morley and Stanford, respectively (Table 2).
Out of eleven cultivars that remained in OW-
WPT for eight years, three were rated as MR,
three as MS, four as S and one as HS (Table 3).
MR and HS cultivars did not change score dur-
ing each of the eight years, while some of the MS

40
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10

DON (ppm)

cultivars (AC Mountain, Carlisle) and S cultivars
(Harvard, Maxine, AC Sampson) changed the
scores in some years (Table 3). Correlation coef-
ficient between FHB index and DON in 2009 was
r = 0.45 (P = 0.0024, Figure 1). Higher correla-
tion in 2009 was detected between FHB index
and severity (r = 0.91, P = 0.0001) than between
FHB index and incidence (r = 0.76, P = 0.0001)
(Figures 2 and 3). Biplot of mean ranking across
sites and combined ranking in 2010 is presented
in Figure 4.

30 40 50 G0

FHB index (%)

Figure 1. Relationship between FHB index (%) and DON level (ppm) after inoculation with Fusarium graminearum

in OWWPT in 2009 (r = 0.45, P = 0.0024)
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&0 Figure 2. Relationship between FHB
index (%) and FHB severity (%) after
S0 a4 inoculation with Fusarium gramine-
arum in OWWPT in 2009 (r=0.91,
4o P < 0.0001)
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DISCUSSION fungal development. High FHB index and DON

In the present study, we explained use and devel-
opment of an index that combine FHB index and
DON level together. The index is related to Fusarium
susceptibility classes (MR, MS, S, HS), up dated
every year with results from three FHB inoculated
nurseries and presented to OCCC, industry and
farmers. A significant correlation between DON
content and aggressiveness was observed in some
studies (MIEDANER et al. 2004), but low or no corre-
lation was reported in another study (GOsMAN et al.
2007). This could be explained by level of resistance
in material tested, aggressiveness of isolates used for
inoculation, inoculation techniques and different
environments. Resistance to FHB is horizontal and
non-species specific (VAN EEUWIIK ef al. 1995). To
obtain good differentiation among tested cultivars,
we have been using a mixture of four highly DON-
producing E graminearum isolates and spray inocu-
lation method with daily mist irrigation to promote
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level was obtained across the cultivars tested. Among
the most FHB resistant cultivars in OWWPT in 2009
were 25R51, FT Wonder, Vienna and AC Morley.
25R51 and FT Wonder had Sumai 3 and Frontana
in their pedigrees, respectively. Both Sumai 3 and
Frontana are widely used FHB resistance sources
with known quantitative trait loci (QTL) regions
or resistance genes (VAN GINKEL et al. 1996; BA1
& SHANER 2004; STEINER et al. 2004; CUTHBERT
et al. 2006). In adition, it has been reported that
Frontana can degrade DON (MILLER & ARNISON
1986). The introduction of exotic FHB resistance
sources into adapted winter wheat material requires
several backcross generations to overcome the genetic
background associated with poor quality and yield.
We developed line RCATL33 with pyramided genes
from both Sumai 3 and Frontana in the pedigree,
low FHB symptoms and DON level, but modest
yield potential (TAMBURIC-ILINCIC et al. 2006).
However, 25R51 has major QTL 3BS for FHB resist-
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Figure 4. Biplot of mean
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ance (known as Fib1) from Sumai 3, good yield and
quality characteristics. In 2010, 25R51 was ranked
as 1t and 2™ for FHB and 3¢ and 4" for DON level
in Nairn and Ridgetown, but did not perform as
expected in Ottawa (Table 2). Ranking used in the
present study decreases the influence of environ-
ment on both traits (FHB index and DON level) and
across environments; 25R51 was still overall ranked
as 6" cultivars in 2010 and rated as MR. Opposite to
exotic sources of resistance, Vienna and AC Morley
have native sources of FHB resistance. They also
showed stable performance across the years (Table 3).
Few cultivars remain in the Performance testing
system more than five years. Out of eleven cul-
tivars that remained in OWWTPT for eight years,
three were rated as MR, three as MS, four as S and
one as HS (Table 3). MR and HS cultivars did not
change score during each of the eight years, while
some of the MS cultivars and S cultivars changed
the scores in some years. This could be explained
by lower stability in cultivars performance in MS
and S classes compared with the most resistant
(rated as MR) and the most susceptible ones (rated
as HS) under different environments. However,
MR cultivars Vienna and FT Wonder were not
entered in OWWPT in 2010; they could not stand
competition with higher yielding cultivars.
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In the present study, higher correlation (0.91 vs. 0.76)
was obtained between FHB index and severity (the
percent spikelets infected) than between FHB index
and incidence (the percent heads infected). Correla-
tion coefficient between FHB index and DON was
moderate (r = 0.45). This shows that rating cultivars
for both FHB incidence and FHB severity and ana-
lyzing harvested grain for DON level is important.
To simultaneously combine results and make infor-
mation more acceptable for industry and farmers,
an index that combines FHB index and DON level
together was developed and used in OWWPT. The
index is robust, stable, open-ended (old cultivars out,
new cultivars in) and useful to farmers in making
cultivars selection decisions. This information is
available to growers and the industry through the
website www.gocereals.ca which is maintained by
the OCCC. In addition, the OCCC provides objec-
tive agronomic and yield data on the performance
of cultivars in the major wheat production regions
of the province. Significant progress has been made
in public and private breeding programs in On-
tario, Canada winter wheat, with respect to FHB
resistance in the past ten years, but there is still
plenty of room for improvements. Our ultimate
goal is to have resistant genotypes in OWWPT in
the near future.
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