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RESEARCH

New Fusarium Head Blight Resistant Spring
Wheat Germplasm Identified in the USDA
National Small Grains Collection

Julia X. Zhang, Yue Jin* Jackie C. Rudd, and Harold E. Bockelman

ABSTRACT

Fusarium head blight (FHB; caused by Fusar-
ium graminearum Schwabe) is one of the most
destructive wheat (Triticum aestivum L.) dis-
eases worldwide. Sources of FHB resistance
are limited. The objectives of this study were to
screen selected spring wheat accessions in the
USDA National Small Grains Collection for FHB
reactions using FHB index, visual scabby ker-
nel (VSK), and deoxynivalenol (DON) content.
A total of 1035 spring wheat accessions were
initially screened in unreplicated field evaluation
nurseries in 1998 and 1999. Accessions with low
FHB were selected as putative resistant materi-
als and were tested in replicated trials from 1999
to 2002. After three or more years of evaluation,
73 accessions with resistance were identified,
including 10 accessions previously reported as
resistant to FHB. Selections from Europe had
the highest percentage of resistance to VSK,
followed by selections from South America and
Asia. We concluded that there is diversity for
FHB resistance in wheat. Fusarium head blight
resistance identified from Europe appeared to
be unique in that these accessions normally
displayed a moderate level of disease in the
field, but a higher level of resistance based on
VSK and DON. The discovery of diverse resis-
tant sources will provide diversity so that higher
levels of resistance could be developed. The
novelty and types of FHB resistance in these
selections should be further characterized
using molecular markers and different inocula-
tion techniques.

J.X. Zhang, Dep. of Agronomy and Plant Genetics, Univ. of Minnesota,
St. Paul, MN 55108; Y. Jin, USDA-ARS, Cereal Disease Lab., Univ. of
Minnesota, St. Paul, MN 55108; J.C. Rudd, Texas A&M Agric. Research
Center, Amarillo, TX 79106; H.E. Bockelman, USDA-ARS, National
Small Grains Germplasm Research Facility, Aberdeen, ID 83210.
Received 28 Feb. 2007. *Corresponding author (yuejin@umn.edu).

Abbreviations: DON, deoxynivalenol; FHB, Fusarium head blight;
MR, moderately resistant; MS, moderately susceptible; NSGC, National
Small Grains Collection; PDA, potato dextrose agar; R, resistant; S,
susceptible; VR, very resistant; VSK, visual scabby kernel.

FUSARIUM HEAD BLIGHT (FHB), primarily caused by Fusarium
graminearum Schwabe in North America, is a devastating dis-
ease throughout the spring wheat and eastern soft winter wheat
(Triticum aestivum L.) production regions in the United States.
Losses due to FHB in wheat include reduced yields, discolored
and shriveled “tombstone” kernels, contamination of the infected
grains with mycotoxins, and seedling blight when infected and
infested grain is used as seed (McMullen et al., 1997; Schroeder
and Christensen, 1963). The use of host resistance is the most eco-
nomically and environmentally sound solution to this problem.
The reaction to inoculation of wheat by Fusarium species capa-
ble of inciting FHB is complex. Different types or components
of disecase measurements have been used to reflect the expres-
sions or manifestations of FHB resistance (Snijders, 1990; Stack,
2000). Two types of resistance were described by Schroeder and
Christensen (1963): Type 1 (resistance to initial infection) and
Type 2 (resistance to spread of the pathogen within wheat spike)
and have been widely used (Bushnell, 2002). So far only Type 2
resistance can be directly measured, as the spread of blight after
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inoculating a single floret around the center of a wheat
spike. Other types or components of FHB resistance have
been proposed including resistance or tolerance to FHB
expressed on developing kernels (Mesterhazy, 1995) and
reduced accumulation of mycotoxins (Miller et al., 1985;
Snijders and Perkowski, 1990). Despite the disagreement
among researchers on the definition and measurements of
the latter types and components of resistance mechanisms
(Bushnell, 2002; Shaner, 2002), different components of
resistance should be considered to thoroughly evaluate the
FHB resistance of a given line. Besides the complexity of
resistance mechanisms, significant environment effects on
FHB development require screening over several environ-
ments to characterize the true FHB resistance potential of
a particular genotype (Fuentes et al., 2005).

A few sources of resistance to FHB have been identi-
fied in wheat previously. Reported sources of FHB resis-
tance in spring wheat include a few landraces; ‘Sumai 3’
and its derivatives from China; ‘Nobeoka Bozu’ and ‘Sin
Chunaga’ and its relatives from Japan; and ‘Frontana’ and
‘Encruzilhada’ from Brazil (Ban, 2000; Ban and Suenaga,
2000; Liu and Wang, 1991; Mesterhazy, 1987, Schroeder
and Christensen, 1963; Yu et al., 2006). Winter wheat
cultivars Arina, Renan, and Praag-8 with FHB resistance
were reported in European wheat germplasm (Gervais
et al,, 2003; Ruckenbauer et al., 2001; Snijders, 1990).
Fusarium head blight resistance in ‘Ernie’ and ‘2375’ may
not be related to the aforementioned sources of resistance
(Rudd et al., 2001), likely representing resistance from
native U.S. germplasm. Novel FHB resistance was also
postulated to be present in several recently released culti-
vars, including Truman (McKendry et al., 2005), Steele-
ND (Mergoum et al., 2005), and Glenn (Mergoum et al.,
2006). Sumai 3, including its derived lines, is the most
widely used source of FHB resistance (Rudd et al., 2001).
The resistance in Sumai 3 is partial, and cultivars with this
resistance can sustain substantial damage from FHB when
environmental conditions are conducive to the disease.
Identification and characterization of additional sources
of resistance is important for enhancing the level of resis-
tance and for introducing genetic variation to the breed-
ing materials.

The National Small Grains Collection (NSGC) main-
tains a large collection of common wheat and represents
gene pools from all major wheat growing regions of the
world. This worldwide collection of germplasm is a valu-
able gene pool for genetic improvement of modern wheat
cultivars. The FHB resistance in this collection has not
been assessed systematically. The objectives of this research
were to assess the FHB reaction in selected spring wheat
accessions in the NSGC and to identify and characterize
FHB resistant germplasm based on measurements of FHB
index, visual scabby kernel (VSK), and deoxynivalenol
(DON) concentration.

MATERIALS AND METHODS

Plant Materials

In 1998, 424 accessions of spring wheat from the NSGC were
evaluated for FHB reaction. The accessions were selected from
regions where FHB resistance is known to be present (Table
1). In 1999, an additional 999 NSGC accessions were evalu-
ated for FHB with an emphasis on germplasm from southern
Europe (Table 1). Spring wheat cultivars BacUp (PI 596533) and
ND2710 (PI 633976) were used as resistant checks. ND2710,
like its parent Sumai 3, is highly resistant to FHB based on
disease incidence, severity, VSK, and reduced levels of DON
(Frohberg et al., 2004). BacUp has been a good FHB resistance
check because of its high level of FHB resistance (Fuentes et
al., 2005). ND 2710 was later maturing than BacUp. ‘Sonalika’
(ClItr 15392) and “Wheaton’ (PI 469271) were used as suscepti-
ble checks. Sonalika has the earliest maturity among the checks
and is highly susceptible to FHB. Wheaton is an intermediate
maturing spring wheat cultivar and has been routinely used as
one of the most susceptible checks in FHB studies.

FHB Screening Nursery Design
Nonreplicated FHB Evaluation Nursery

The field screening nurseries were conducted between 1998
and 2002 in Brookings, SD. The nursery was planted into a
field with a soybean [Glycine max (L.) Merr.] crop in the pre-
vious season and fertilizer was not used. Accessions from the
NSGC were planted into nonreplicated single 1-m rows spaced
30 cm apart using a plot planter. The four check cultivars were
planted next to each other after every 35 test entries. A pos-
temergence herbicide was applied when wheat was between
three- and four-leaf stage. Preliminary selections were made by
accession (row) or heads within a row having low FHB indices
or low kernel damage. Seed of the selections was hand har-
vested and increased in an off-season nursery in Christchurch,
New Zealand. The crop season in the New Zealand nursery
was from October to early April. Thus, we were able to use
seed harvested from the New Zealand nursery for FHB nursery
planting in late April to early May in Brookings, SD.

Replicated FHB Evaluation Nursery

Heading date data collected from the nonreplicated screening
nursery were used to group the FHB resistant selections into three
maturity groups: early, intermediate, and late. The replicated FHB
evaluation nursery was planted and managed in the same manner
as described above. Maturity groups were planted into separate
blocks and treated as separate experiments for nursery manage-
ment and data analysis. Fusarium head blight resistant selections
were planted with three replications in a randomized complete
block design, and evaluated for at least three consecutive years.
Selections initially made from the 1998 and 1999 nonreplicated
FHB evaluation nursery were planted in replicated trials for four
years (1999-2002) and three years (2000-2002), respectively.

Inoculum Preparations

To generate consistent and maximum disease pressure in the
field, corn (Zea mays L.) kernels colonized with F. graminearum
and conidial suspension of the fungus were applied in the FHB
screening nurseries. The macroconidial inoculum consisted of
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Table 1. Origin and number of accessions of spring wheat germplasm from the National Small Grains Collection evaluated for
Fusarium head blight resistance (FHB) in nonreplicated evaluation nurseries in 1998 and 1999, number of accessions identified with
FHB resistance based on replicated evaluation nurseries between 1999 and 2002, and geographical distribution of FHB resistance
selections based on measurements of FHB index, percentage visual scab kernel (VSK), and deoxynivalenol (DON) concentration.

No. accessions N°-_ No. Accessions in each FHB measurement* group
Origin' evaluated a&?ﬁf;ﬁgs Index VSK DON
1998 1999 (egistance VR R MR MS S VR R MR MS S VR R MR MS
Asia 131 26 15 2 6 6 1 3 1 1 7 3 2 5 7 1
China 66 15 3 1 1 1 1 1 1 1 2
Taiwan 8 0
Japan 65 3 12 2 5 5 3 2 1
Europe 93 498 26 1 12 il 2 9 10 16 3
Austria 93 0
Belarus 2 0
Bosnia and Herzegovina 1A 0
Bulgaria 8 1 1 1 1
Croatia 0
Czech Republic 7 0
Czechoslovakia 12 0
Greece 20 3 3 1 2
Hungary 25 3 1 1 3
Italy 93 5 1 1 2 2 3 2
Macedonia 0
Poland 26 1 1 1 1
Romania 23 3 1 2 2 1 3
Slovakia 1 0
Slovenia 1 0
Switzerland 198 5 2 3 1 2 1 1 3 2
Ukraine 15 3 1 2 1 2 2
Yugoslavia 38 2 1 1 1 1
South America 164 123 32 1 13 10 2 2 8 15 7 3 8 16 5
Argentina 89 15 5 8 6 7 1 5 1
Brazil 164 I 12 1 1 7 1 2 1 2 4 5 3 1 4 4
Paraguay 4 1 1 1 1
Uruguay 19 4 3 1 4 1 3
Total 388 647 73 3 183 31 22 4 9 18 26 17 3 5 20 39 9

Data source: National Plant Germplasm System (http://www.ars-grin.gov/npgs/acc/acc_queries.html).

VR, very resistant; R, resistant; MR, moderately resistant; MS, moderately susceptible; S; susceptible.

10 F. graminearum isolates isolated from infected wheat spikes
collected in several wheat fields from eastern South Dakota in
1996 and 1997. These isolates, each derived from a single-spore
culture, were selected from a collection of 30 isolates based on
two criteria: producing abundant macroconidia when cultured
on acidic potato dextrose agar (PDA) in petri plates and produc-
ing typical symptoms on the susceptible check cultivar Whea-
ton. After incubation for 7 d, agar of well-colonized plates was
cut into 1-cm? cubes and dried under a flow hood for 72 h. The
dried fragments of cultures were stored in a sterile glass vial at
—80°C as stock cultures. This method of culture maintenance
reduces the need for frequent transfers. For mass production
of conidia, pieces of the dried stock culture were plated onto
modified acidic PDA medium (19.5 g potato dextrose, 10 g agar,
1 L water, 2.0 mL lactic acid after autoclaving). After 5 to 7 d
of incubation at 23°C, 2 mL of sterile water was added to each

culture plate and macroconidia and mycelial fragments were
suspended using a hockey stick—shaped sterile glass rod. The cul-
ture suspension was transferred to new plates by streaking the
suspension evenly onto new plates. Compared to transferring
agar blocks, we observed that streaking suspension to cover the
entire agar surface appeared to promote the production of mac-
roconidia while suppressing mycelium growth. Macroconidia
were harvested after 3 to 5 d incubation by flooding the plates
with sterile water and gently rubbing culture surface with a ster-
ile glass rod. The spore suspension was poured off and strained
through two layers of sterile cheesecloth to remove hyphal frag-
ments. Macroconidia could be harvested for a second time after
an additional incubation period of 3 to 5 d after the first harvest
as long as a strict sterile procedure is followed. Spore suspensions
for equal numbers of petri plates of 10 isolates were mixed and
adjusted to 70,000 conidia mL™!. The macroconidial inoculum
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suspension was prepared 2 to 4 h before field inoculation and
maintained in an ice tray until use.

Stainless steel trays (53 cm long by 33 cm wide by 7 cm high)
and 4.5-L milk jars were used to increase F. graminearum on corn
kernels. About one-half (2.5-3.8 cm) of the stainless steel tray was
filled with red or yellow dent corn. Then water was added until
about three-quarters of the tray was filled with water and corn.
The grain was soaked in the water for 18 to 24 h and excess water
was drained. After washing the soaked corn with clean water,
water was added until it was about 0.32 to 0.64 cm above the corn
surface. The tray was covered with two layers of aluminum foil and
autoclaved for 2 h. The tray was cooled at room temperature for
about 5 h, drained if excessive water was present, and inoculated
with two petri plates of a single isolate of F. graminearum. Then the
tray covered with two layers of aluminum foil was incubated on a
laboratory bench at 20 to 22°C. The tray was shaken vigorously
every 24 h. Seven to ten days after inoculation, the corn kernels
were fully colonized. The colonized corn kernels were dried on a
greenhouse bench, and stored at 4°C for up to a month before field
application. To increase colonized corn kernels in the milk jars,
about one-third of the jar was filled with corn. After being soaked
in water for 18 to 24 h, the corn was washed clean, and excess
water was drained. Fresh water was added until about 0.32 to 0.64
cm above the corn surface. The milk jar was sealed with a cotton
plug and autoclaved for 45 min. After the jar was cooled, one petri
dish of F. graminearum culture was added into the jar and mixed
evenly with the corn in a flow hood. The sealed milk jar was incu-
bated at room temperature, and shaken every 24 h. Seven days
after incubation in the milk jar, the corn was fully colonized and
ready to be dried or used immediately in the field. Equal amount
of F. graminearum colonized corn grains (corn spawn) measured by
weight of each isolate was mixed and used for field inoculation.

Nursery Inoculation

Beginning at the jointing stage of the earliest maturing test entries,
each row was inoculated with 7 to 8 g of corn spawn weekly for
three consecutive weeks. To promote production of ascospores,
the plots were daily mist-irrigated for 3 min with a 30-min recess
between 2000 and 0800 hours. On hot and windy days, irriga-
tion was extended to 5 min with a 30-min recess. Mist-irriga-
tion was continued until the last disease recording. At the heading
stage, each plot was marked with colored plastic tape so that the
plot could be identified for inoculation and disease scoring at the
appropriate time. The field was tagged three times a week. At the
heading stage, each plot was spray-inoculated with approximately
40 mL of macroconidial suspension using a backpack sprayer. A
second spray inoculation was applied 5 d later. All spray inocula-
tions were conducted after 1900 hours when the environment was
conducive for infection.

FHB Evaluation and Selection

Disease severity of each plot was rated by evaluating 20 ran-
domly selected spikes 3 wk after the first spray inoculation.
Fusarium head blight incidence was recorded as percentage of
infected spikes of the 20 spikes used for the FHB severity assess-
ment (i.e., incidence = 100 X number of nonzero spikes/20).
The FHB index of each plot was derived by the product of
average FHB severity and FHB incidence multiplied by 100.
A preliminary selection for reduced kernel damage was made

in the nonreplicated FHB evaluation nursery by tactile esti-
mation of kernel filling, independent of FHB index. At the
hard dough stage of plant development, each plot was assessed
for kernel damage by repeatedly squeezing several handfuls of
spikes throughout the plot. Because little kernel filling occurred
in susceptible lines due to high and consistent disease pressure
in the nursery, a seed set of moderate level could be identi-
fied regardless of visual disease symptoms. This method was
particularly useful for identifying plants that were resistant to
kernel damage but appeared to have high FHB index. Individ-
ual plots were also carefully inspected visually to identify indi-
vidual plants or spikes that might be showing resistance among
susceptible plants.

Entries or individual heads within an entry having a low
FHB index and/or good seed set in the nonreplicated FHB
evaluation nursery were harvested by hand. Selections of entire
rows (row selections) were first threshed by a plot combine at
minimum air pressure, then threshed and cleaned with a single
head thresher at minimum air pressure. Heads selected within
an entry (head selections) were bulked and threshed with a sin-
gle head thresher at minimum air pressure. Single plants of low
disease within an entry were selected as single plant selections.
Percentage of VSK of each selection was recorded. Accessions
with high VSK were discarded.

The replicated FHB evaluation nursery was hand harvested
and immediately threshed with a plot combine at minimum air
pressure in the field. Because a high proportion of diseased spike-
lets with chaffs were often retained in the initial threshing with
the combine at a low air pressure, the field-threshed materials
were threshed two to three times again at low air pressure using
a single plant thresher to remove chaffs. Percentage of VSK of
each entry was determined by counting 200 random seeds from
each sample. A 15-g seed sample from each plot was analyzed for
DON concentration. In 2000, the seed samples of some selec-
tions were tested by Dr. Paul Schwarz (Dep. of Plant Sciences,
North Dakota State University, Fargo, ND). In 2001 and 2002,
the seed samples were tested for DON concentration by Ms. Beth
Tacke (Dep. of Veterinary Diagnostic Services, North Dakota
State University, Fargo, ND). Each year, the lines with high FHB
index and high DON levels were discarded. Final selections from
the 2002 replicated FHB evaluation nursery constituted the final
list of FHB resistant germplasm.

Data Presentation and Analysis

To simplify interpretation of the data, FHB index, VSK, and
DON of the resistant selections were classified into five groups
using the criteria presented in Table 2. The criteria for the clas-
sification were based on the mean values and ranges of the four
standard checks. Under moderate to low disease pressure, FHB
levels of ND 2710 and BacUp are similar. Our nursery disease
pressure was consistently high enough to differentiate the FHB
levels between ND 2710 and BacUp. Therefore, accessions with
less FHB than ND 2710 were grouped into the very resistant
(VR) category. Measurements of FHB index, VSK, and DON
of the test entries in each year were analyzed using GLM pro-
cedures of SAS 9.1 (SAS Institute, Inc., Cary, NC) by maturity
group. To detect effects of year and year*entry in each maturity
group, 3-yr data of the entries in the 2002 replicated screening
nursery were used for analysis of variance.
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RESULTS
Nonreplicated FHB Evaluation Nurseries

Table 2. Assignment of categories of wheat germplasm for Fusarium
head blight (FHB) reaction based on FHB index, percentage visual
scab kernel (VSK), and deoxynivalenol (DON) evaluated between

Disease pressure in the nonreplicated screening nurser- 1999 and 2002 in Brookings, SD.

ies was very high and uniform in both years. In 1998,

FHB incidence ranged from 80 to 100% and 91% of the FHB reaction Range FHB |nde:/(’f Vst DO'\f
plots had 100% FHB incidence. Field visual FHB reac- Very resistant (VR) Mean < ND 2710 0-14 ° 0-07 %%&
tions could be best estimated by FHB index because it Resistant (R) Mean > ND 2710 15-28 08-33  5.2-81
is the product of severity and incidence (Wilcoxson et and < BacUp

al., 1992). Average FHB index of ND 2710 was 26%, of Moderately resistant (MR) 29-45 34-45 8.2-125
BacUp was 35%, of Sonalika was 90%, and of Whea- Moderately susceptible (MS) 46-60 46-60 12.6-16.0
ton was 80%. In 1999, disease incidence in the nonrep- Susceptible (S) >60 >60 >16.0

3 0, 1 0,
licated nursery ranged from 83 to 100% with 94% of 1., FHB index of 1999-2002 or 2000-2002 on 20 spikes with three replicated plots per year.
the plots having 100% FHB incidence. In 1999, average  #mean VSK of 1999-2002 or 2000-2002 on seed harvested from the whole plot with three

FHB index of ND 2710 was 22%, of BacUp was 24%, of’
Sonalika was 83%, and of Wheaton was 77%.

In 1998, 36 of the 424 accessions failed to germinate
and provide at least five plants for FHB evaluation. In
1999, 352 of the 999 accessions failed to germinate or pro-
duced less than five plants for FHB evaluation. The complete
dataset of the FHB index of the remaining 388 accessions
evaluated in 1998, and 647 accessions evaluated in 1999 were
submitted to the Germplasm Resources Information Net-
work  (http://www.ars-grin.gov/cgi-bin/npgs/html/desc.
pl?65066). Those accessions displayed a wide range of FHB
disease indices from highly resistant to highly susceptible (Fig.
1). In 1998, 11 accessions had FHB indices of 0 to 30%, and
156 accessions had disease indices more than 70%. In 1999,
seven accessions had FHB indices of 0 to 30%, and 402 acces-
sions had disease indices more than 70%. Accessions with low
FHB index or good seed set were selected for evaluation of
FHB reaction in the replicated trials in the following year.
Based on the FHB index and our visual selection for seed set,
48 accessions were selected from the 1998

plots per year.

SMean DON of 2000-2002 of seed samples from one replicate in 2000, two replications in
2001, and three replications in 2002.

with 29 in the early maturity group, 37 in the intermediate
maturity group, and 28 in the late maturity group. Analy-
sis of variance of FHB index and VSK of each maturity
group over years using the entries in the 2002 replicated
FHB nursery revealed significant effects of accession, and
accession X year interaction (P < 0.001) in each maturity
group. The replicate within year effect was not signifi-
cant, indicating that each year disease pressure was uni-
form across the screening field.

The susceptible checks Sonalika and Wheaton had the
highest FHB index, VSK, and DON (Table 3). ND 2710
was more resistant than BacUp across the maturity groups
and years (Table 3). ND 2710 had lower FHB indices and
DON than BacUp in every maturity group and year, and
lower VSK than BacUp in all the years except in 2002.

nonreplicated FHB evaluation nursery and 250
123 accessions from the 1999 nonreplicated 225 |
evaluation nursery as putative sources of

FHB resistant germplasm. We observed het- 200+
erogeneous reactions to FHB in some of the 175:
accessions. The 1998 selections consisted of
32 head- or single-plant selections and the
remainder was whole row selections. The
1999 selections consisted of head-selections
from 78 accessions and the remainder was
whole row selections. Those selections were

No. of accessions
s
N
(4]
1

~
(5]
L

planted in the replicated screening nursery

in the following year. 50
FHB-Resistant Accessions B
Selected through Replicated 0l [ o

FHB Evaluation Nursery 0-20

After two years of evaluation for the 1999
selections and three years evaluation for
the 1998 selections, the 2002 replicated

|:| 1998

21-30

. 1999

Ll

31-40 41-50 51-60 61-70
Fusarium head blight index (%)

' 71-80  81-90

Figure 1. Distribution of Fusarium head blight (FHB) index of spring wheat germplasm
in the National Small Grains Collection tested in unreplicated FHB evaluation nursery
in 1998 and 1999. Fusarium head blight index = average FHB severity of 20 heads x

FHB nursery consisted of 94 accessions FHB incidence x 100.
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Table 3. Means (over three replicates) of Fusarium head blight (FHB) index, percentage visual scabby kernel (VSK), deoxyni-
valenol (DON) concentration, plant height, and days to heading of FHB resistant germplasm evaluated in field FHB screening
nursery in Brookings, SD, in 2000-2002.

. Index VSK DON Plant Days to
Accession . .
2000 2001 2002 Mean 2000 2001 2002 Mean 2000t 2001* 20028 Mean height"  heading
% ug g™ cm
Early maturity
ND2710 13 10 15 13 20 12 43 25 5.4 2.3 5.4 44 106 56
BacUp 23 23 28 25 30 17 42 30 77 9.0 75 8.1 90 54
Sonalika 87 86 86 86 80 57 87 75 370 261 254 295 76 53
g Wheaton 87 90 90 89 95 58 80 78 243 180 149 191 74 59
E Pl 382161 10 6 10 9 22 12 33 22 1.9 2.0 2.3 2.1 107 57
4 P1382140 15 18 18 17 38 47 57 47 3.3 4.2 37 37 91 57
5 Pl 182568 22 16 28 22 47 30 70 49 7.8 57 6.3 6.6 108 57
=y Cltr 12002 26 21 22 23 42 37 47 42 9.3 5.6 7.4 112 57
% PI 519790 20 29 25 25 40 35 57 44 85 108 97 103 55
)| Pl 345731 27 19 30 25 17 23 45 28 12.0 6.3 6.6 8.3 93 53
=8 Pl 434987 22 23 31 26 57 16 63 45 94 107 1.3 105 105 56
| Pl182586 30 21 27 26 50 57 70 59 14.9 78 80 102 79 56
-% Pl 411132 28 24 34 29 77 67 73 72 9.4 1.8 7.2 9.5 64 52
=N Pl 182591 37 29 31 32 67 41 63 57 8.2 6.0 4.2 6.1 70 56
% Cltr 12021 32 32 34 33 42 25 53 40 84 130 107 108 57
PN Pl163429 27 32 40 33 30 29 40 33 12.0 79 6.9 8.9 106 56
-g Pl 351743 45 65 22 44 28 30 33 31 9.1 7.8 8.5 122 56
o Pl 163439 59 25 47 44 40 28 50 39 90 102 9.6 104 57
ol Pl185383 42 43 51 45 50 30 33 38 10.2 5.3 77 101 53
_5 Pl 584926 43 56 37 45 43 33 70 49 14.0 149 145 89 57
]l Cltr 2492 57 23 56 45 25 24 63 37 9.4 1.1 10.2 110 55
=l Pl168716 55 53 32 47 35 31 23 30 130 150 91 12.4 109 57
&) Pl 344467 48 51 49 49 38 32 50 40 5.2 7.8 6.5 105 55
Y PI344454 50 82 30 54 28 30 33 31 13.1 15.2 71 1.8 108 55
I PI1104138 59 53 52 55 57 40 50 49 97 149 123 106 56
ol Pli184512 77 38 53 56 33 19 33 29 18.5 111 122 139 115 56
§ Pl 192498 55 57 62 58 50 42 43 45 109 109 103 55
Bl Pl 352062 63 59 57 59 50 37 43 43 71 71 94 57
§ Mean 38 34 35 36 40 32 49 40 9.3 8.4 8.0 8.6 101 56
.g LSD 16.5 15.1 46
(DN Intermediate maturity
8 ND2710 13 13 13 13 18 17 43 26 5.4 5.2 46 51 111 56
OB BacUp 22 17 30 23 25 30 40 32 77 106 6.0 8.1 89 54
g Sonalika 87 86 86 86 80 57 87 75 370 261 254 295 76 53
% Wheaton 87 90 90 89 95 58 80 78 243 180 149 1941 74 59
i PI382154 14 9 12 12 15 15 33 21 1.5 2.8 2.2 2.2 111 58
§ Pl 382153 17 10 12 13 13 16 33 21 4.8 35 17 3.3 102 58
=N Pl 182561 20 22 22 21 85 77 77 79 155  13.2 6.7 1.8 94 58
il Pia62151 19 30 19 22 22 20 53 32 4.2 7.3 5.8 5.8 101 59
Pl 182583 19 40 23 27 82 75 80 79 71 8.1 7.6 73 61
Pl 285933 36 31 22 30 27 22 43 31 21.8 1.7 58 131 125 61
Pl 351816 32 29 33 31 70 33 70 58 9.0 78 76 8.1 88 58
Pl 351256 21 36 38 32 42 19 77 46 7.6 8.4 8.0 8.0 94 59
Pl 351221 34 35 30 33 20 20 40 27 9.9 56 7.8 119 60
Cltr 13136 43 35 32 37 50 24 53 42 18.4 6.7 9.4 1.5 108 59
Pl 104131 36 34 45 38 22 14 33 23 7.6 3.9 7.4 6.3 121 58
Pl 192634 54 23 49 42 42 35 53 43 1.4 76 8.0 9.0 109 58
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Table 3. Continued.

. Index VSK DON Plant Days to
Accession . .
2000 2001 2002 Mean 2000 2001 2002 Mean 2000t 2001%¥ 20028 Mean height" heading
% pg g™ cm
Pl 185843 58 40 30 43 40 23 37 33 13.9 7.6 7.4 9.7 114 60
Pl 182565 32 57 39 43 53 53 73 60 15.8 8.7 12.2 106 60
PI 233207 53 49 28 44 33 53 33 40 9.9 11.9 109 58
Pl 264998 44 48 41 44 30 27 53 37 8.2 7.8 8.0 120 61
Pl 264940 55 48 30 44 42 16 57 38 9.3 9.9 9.6 98 59
5 Pl 168727 37 28 69 45 25 20 57 34 20.0 57 7.6 114 95 58
g Pl 256958 42 59 46 49 20 27 53 33 1.7 11.9 8.9 10.8 119 60
3 Pl 132856 48 42 60 50 37 30 70 45 12.0 141 1341 105 61
e Pl 351993 54 57 39 50 30 25 53 36 6.8 6.2 6.5 120 61
% Pl 351748 44 69 39 51 30 43 53 42 10.2 8.2 9.2 117 60
g Pl 264946 50 35 67 51 53 38 73 55 10.2 7.7 9.0 101 60
8— Pl 349534 54 67 34 52 27 20 43 30 11.6 11.9 9.6 11.0 118 61
i PI 272348 40 61 58 53 27 63 40 43 9.2 9.2 110 60
<_ Pl 344465 48 63 61 57 37 30 50 39 7.8 4.3 6.0 97 58
S Pl 203083 63 54 59 59 33 65 57 52 7.4 7.4 116 61
E Pl 584934 63 69 58 63 42 32 50 4 11.8 9.1 10.5 99 58
< Mean 42 45 41 43 40 35 55 43 12.5 9.0 8.0 9.4 107 59
S LSD 16.5 17.7 5.6
%’ Late maturity
g ND2710 15 1 15 14 23 15 43 27 54 3.6 4.6 4.5 107 56
(g BacUp 31 22 30 28 30 28 40 33 7.7 11.3 5.3 8.1 91 54
8 Sonalika 85 87 88 87 77 93 87 85 37.0 39.0 18.8 31.6 80 53
'g Wheaton 88 90 84 87 92 100 90 94 24.3 25.2 13.8 211 79 59
(g_ Cltr 5103 14 27 35 26 19 23 43 29 16.5 7.2 6.2 9.9 122 62
S PI 81791 24 40 16 27 22 18 40 26 18.0 12.6 11.8 144 127 64
L>), Pl 192660 39 20 24 28 23 19 33 25 16.4 5.2 9.8 10.5 123 63
ﬁ Pl 185380 36 25 26 29 30 16 33 26 1.2 51 8.6 8.3 119 62
E Pl 382167 1 29 50 30 23 18 57 33 55 4.3 5.4 51 119 67
% P1 382144 30 37 36 34 45 33 63 47 8.0 8.2 8.1 111 64
03_ Pl 294975 25 67 17 36 20 20 27 22 1.4 8.4 9.5 9.8 125 62
() Pl 264927 32 48 30 37 17 21 50 29 5.6 3.6 6.3 5.2 17 62
% PI 83729 51 50 18 40 40 23 33 32 10.5 75 75 8.5 121 62
(}’) Cltr 17427 35 44 45 41 33 24 67 4 19.4 9.4 14.4 M 59
8_ Pl 360869 40 41 46 42 40 63 70 58 9.7 9.7 101 66
6 Pl 362437 36 52 43 44 33 22 47 34 8.9 7.3 10.2 8.8 1283 64
= Pl 214392 16 82 65 54 30 55 57 47 16.3 12.9 14.6 113 68
§ Pl 351476 56 75 35 56 25 40 33 33 13.4 8.1 10.7 122 63
8 Pl 192219 49 79 44 58 37 25 a7 36 8.7 8.3 8.5 114 70
é PI 57364 45 87 44 59 55 53 43 51 10.6 10.6 119 65
o Pl 213833 45 65 68 59 63 50 60 58 13.5 221 74 14.2 95 64
§- Cltr 11215 40 84 54 59 35 29 27 30 9.2 10.5 5.2 8.3 116 66
Pl 113949 63 Al 51 62 38 25 33 32 7.4 6.8 74 118 63
Pl1 113948 78 88 62 76 30 43 a7 40 74 7.4 7.2 118 62
Cltr 12470 74 75 82 77 45 57 70 57 21.9 79 12.8 14.2 114 63
Mean 40 57 42 46 34 32 a7 37 12.8 8.4 8.7 9.9 117 64
LSD 21.8 15.7 7.5

fDON concentration of the first replication.

#Mean DON concentration of the first and second replications.
SMean DON concentration of three replications.

TPlant height in the 2001 FHB nursery.
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During the 2002 FHB inoculation period daily tem-
peratures were above normal and most of the days were
windy. ND 2710 had very high percentage of discolored
and plump kernels. The discoloration might have resulted
from heat stress instead of direct damage by FHB. The
VSK ratings in 2002 could be partly inflated due to heat
stress in the disease nursery as indicated by a higher mean
VSK in 2002 in each maturity group than the means in
the other years (Table 3). This hypothesis is supported by
the similar DON concentration of ND 2710 and many
resistance selections in 2002 as in 2000 and 2001. Seventy-
three accessions were selected as putative sources of FHB
resistance after evaluations in replicated field trials in three
to four consecutive years. Among these, FHB resistance in
10 accessions has been reported in previous studies. The
10 accessions of known FHB resistance were Cltr 12470
(Frontana), PI 113948 (Kooperatorka), PI 132856 (Men-
tana), PI 182561 (Sin Chunaga), PI 182591 (Norin 61),
PI 213833 (Funo), PI 382144 (Encruzilhada), PI 382153
(Nobeoka Bozu), PI 382154 (Nyu Bai), and PI 462151
(Shu Chou Wheat No. 3) (Tables 3 and 4) (Ban, 2000;
Ban and Suenaga, 2000; Liu and Wang, 1991; Snijders,
1990). Because FHB resistance was first determined by
disease index in the field, we ranked the resistance selec-
tions by FHB indices in each maturity group in Table
3. Most of the resistant selections had much lower FHB
index, VSK frequency, and DON content than the suscep-
tible checks Sonalika and Wheaton except Kooperatorka
(late maturity) and two well-known FHB resistant lines,
Frontana (late maturity) and Sin Chunaga (intermediate
maturity). Thirty-six selections were head selections. The
seed of the head selections were deposited in the NSGC
with new accession numbers. For simplicity, we used the
accession number and name of the original seed source
throughout the report. Detailed selection type and new
accession numbers for the head selections are presented
in Table 4, including the origin, pedigree of the original
seed source, maturity group, and the FHB reactions of the
resistant selections.

FHB Resistance Measured by FHB Index

Mean FHB index of the 73 resistant selections ranged from
9 to 77% (Table 3) with 16 accessions classified as VR to
resistant (R), 53 accessions classified as moderately resistant
(MR) to moderately susceptible (MS), and four accessions
classified as susceptible (S; Table 1). PI 382161 (Tokai 66) in
the early maturity group and PI 382153 (Nobeoka Bozu)
and PI 382154 (Nyu Bai) in the intermediate maturity
group were classified as VR (Table 4). Similar to ND 2710,
the FHB index of the three VR lines was consistently low
across the three years of replicated tests (Table 3). Selections
with an FHB index comparable to BacUp but higher than
ND 2710 (R to FHB based on index) were Cltr 12002, PI
182568, PI 182586, PI 345731, PI 434987, and PI 519790,

in the early maturity group; PI 182561, PI 182583 and PI
462151 in the intermediate maturity group; and Cltr 5103,
PI 192660, and PI 81791 in the late maturity group. Among
the 31 lines classified as MR based on FHB index (Table 4),
Cltr 12021, PI1 163429, PI 182591, and PI1 411132 in the early
maturity group; PI 285933, PI 351256, and PI 351816 in the
intermediate maturity group; PI 185380 and PI 382167 in
the late maturity group had average FHB indices of 31 to
35% (Table 3). Most of those lines had FHB indices less
than or equal to the FHB index of BacUp in at least one of
the four years. Among the 22 lines classified as MS based
on FHB index, 10 accessions, PI 184512, PI 192498, and
PI 352062 in the early maturity group; PI 203083 and PI
3444065 1in the intermediate maturity group; and Cltr 11215,
PI 192219, PI 213833, PI 351476, and PI 57364 in the late
maturity group had mean FHB indices of 56 to 60%. Funo
(PI 213833) belonged to this group of selections. Funo has
been characterized as an MS type following point inocula-
tion in the greenhouse (Yu et al., 2006) and in field evalua-
tions (Liu and Wang, 1991). Therefore, we believe that the
10 accessions with the highest FHB indices, which were
classified as MS, had some level of FHB resistance. The
FHB index cut-oft (60% of disease) between MS and S was
reasonable for materials evaluated in our nurseries because
the disease pressure was high and uniform throughout the
evaluation years.

Accessions PI 584934, of intermediate maturity, and
Cltr 12470, PI 113948, and PI 113949, of late maturity,
had FHB indices greater than 60% and were classified as S
(Tables 3 and 4). PI 113948 (Kooperatorka) and Cltr 12470
(Frontana) were as susceptible as the susceptible checks
Sonalika and Wheaton (Table 3). Kooperatorka and Fron-
tana have been reported to have lower FHB indices than
Sumai 3 and Nobeoka Bozu (Snijders, 1990). In our disease
nursery, the former two lines were consistently very suscep-
tible as measured by FHB index. Their susceptibility in our
nursery could be due to the seed source, or perhaps these
lines responded differently in our testing environment.

FHB Resistance Measured by VSK

Mean VSK of the 73 FHB resistant selections ranged from
21 to 79% (Table 3). We classified 27 accessions as VR to
R, 26 accessions as MR, 17 accessions as MS, and three
accessions as S (Table 1). Accessions with VSK comparable
to ND 2710 and rated VR were PI 382161 (Tokai 66), of
early maturity; PI 104131 (Excelsior), PI 382153 (Nobeoka
Bozu), and PI 382154 (Nyu Bai), of intermediate matu-
rity; and PI 185380, PI 192660 (Prodigio Italiano) and
PI 81791 (Sapporo Haru Komugi Jugo), of late maturity.
Accessions with VSK within the range of BacUp and clas-
sified as R included six accessions of early maturity, six
accessions of intermediate maturity, and six accessions of
late maturity (Tables 3 and 4). The VSK measurements in
the R class were stable and consistently low across years.
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Seven accessions, including PI 213833 (Funo) and Cltr
12470 (Frontana), were classified as MS and had some of
the highest values of VSK of 56 to 60% among the selec-
tions from this study. Field-based evaluation of VSK on
Funo has not been reported. The VSK level of Frontana in
our study was much higher than that reported by Mester-
hazy et al. (2005). There were four accessions classified as
S, including PI 182561 (Sin Chunaga), and two accessions
derived from Sin Chunaga (PI 411132, Gogatsu-Komugi
and PI 182586, Norin 43), and PI 182583 (Chuko) (Table
4). These four lines were rated as R to MR according to
FHB index (Table 3). Seeds from those lines grown in the
FHB nursery were frequently discolored and classified as
MS to S. However, most of the discolored kernels were
plump and light weight, and lacked the pink color that is
characteristic of FHB damage. The discoloration of the
seed was most likely due to frequent mist-irrigation and
other environmental stresses during kernel development.
This hypothesis was supported by relatively low DON on
these lines (Table 3).

FHB Resistance Measured

by DON Concentration

Average DON of the resistant selections ranged from
2.1 to 14.5 pg ¢! (Table 3), which was much lower than
means of DON for the susceptible checks. We selected
for FHB resistance primarily based on FHB index and
VSK; DON was a secondary criterion. Lower DON in
the FHB resistant selections suggested that selection based
on head blight intensity and visible seed damage success-
tully selected for resistance to DON. Twenty-five acces-
sions had DON levels in the VR to R classes, 39 had
DON levels in the MR class, and only nine accessions had
DON in the MS class (Table 1). The four accessions rated
VR were PI 382161 (Tokai 66) and PI 382140 (Abura) in
the early maturity group, and PI 382154 (Nyu Bai) and
PI 382153 (Nobeoka Bozu) in the intermediate maturity
group (Tables 3 and 4). The four VR accessions consis-
tently had DON levels lower than that of ND 2710 in the
three years of the replicated evaluation nursery (Table 3).
Among the 21 accessions classified as R, PI 382167 and PI
264927 in the late maturity group had DON levels simi-
lar to ND 2710. Of the 43 accessions with DON levels
classitied as MR, PI 345731 and PI 351743, in the early
maturity group, and PI 185380, PI 83729, PI 192219, and
Cltr 11215, in the late maturity group, had 8.3 to 8.5 pg
g DON, which was only 0.2 to 0.4 pg ¢! higher than
BacUp (Table 3). Nine accessions were rated MS, includ-
ing known resistant sources Frontana (Cltr 12470), Men-
tana (PI 132856), and Funo (PI 213833). Mesterhazy et al.
(2005) reported that Frontana had about 69 to 263% of
the DON concentration of Nobeoka Bozu. In our study
the DON level of Frontana was about seven times higher
than that of Nobeoka Bozu. The higher level of DON of

Frontana in our study could be due to differences in seed
source or environment.

Correlation among FHB Index,

VSK, and DON Concentration

Among the 73 selections, DON concentration was sig-
nificantly correlated with FHB index (r = 0.40, P < 0.01)
and VSK (r = 0.24, P < 0.05) (Table 5); however, FHB
index and VSK was not correlated. We believe a group
of germplasm with relatively low FHB index but high
VSK, represented by PI 182561 (Sin Chunaga), PI 182583
(Chuko), PI 182586 (Norin 43), and PI 41132 (Gogatsu-
Komugi), contributed to the poor correlation between
FHB index and VSK. For example, when these four lines
were removed from the correlation analysis, the correla-
tion between FHB index and VSK became significant (r =
0.33, P < 0.01), while the correlation coefhicients between
the other traits were similar to that when these lines were
not removed. A positive correlation between FHB index
and plant height (r = 0.22, P < 0.05) and a negative cor-
relation between VSK and plant height (r = —0.66, P <
0.001) were observed. Although a wide range of maturity
was observed, days-to-heading was not correlated with
any of the FHB measurements, indicating that the disease
pressure was consistent during the evaluation period.

DISCUSSION

Evaluation of FHB resistance is complex and subject to
environment (Parry et al.,, 1995). It has been suggested
that FHB evaluation should be performed over a period of
several years (Christensen et al., 1929; Fuentes et al., 2005;
Hanson et al., 1950). We followed these recommendations
by screening these traits (i.e., FHB index, VSK, and DON)
over several years. To ensure constant and adequate dis-
ease pressure for evaluating unadapted germplasm of wide
ranging maturity, we inoculated with both corn spawn
and conidial suspensions and adjusted the misting period
according to the daily weather (specifically wind and tem-
perature) conditions during the inoculation period. The
FHB index, VSK, and DON for the susceptible checks
were consistently high over years and maturity groups.
Lines with high FHB indices will likely be susceptible in
other environments and not worthy of further evaluation.
However, accessions with a moderate or low index but
not recommended for FHB resistance in this report should
be retested over several years if one is interested in using
those accessions as resistance sources.

Out of the 1045 accessions of spring wheat from Asia,
South America, and Europe evaluated in this study, 73 acces-
sions were selected as putative FHB resistant sources. Among
these, FHB resistance in 63 of the 73 accessions has not been
reported previously. Resistant accessions were identified
from all the geographic regions evaluated. Thirty-two resis-
tant accessions were from four countries in South America,
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Table 4. Original National Small Grains Collection (NSGC) seed information and new NSGC accession in Fusarium head blight
(FHB) resistant selections, their maturity, and reactions to FHB measured by FHB index, percentage visual scabby kernel (VSK),
and concentration of deoxynivalenol (DON) in 73 spring wheat accessions selected for FHB resistance from the NSGC.

Original NSGC seed information Selection N?nwf;\lrrsniﬁ::fd m:ae:lf::jngyﬂ
Accession ID Pedigree Status Country typef Accession ID MaturityS Index VSK DON
Cltr 11215 Belgrade 4 Cultivated Yugoslavia Head Pl 644114 Cltr11215-sel-fhb Late MS R MR
Cltr 12002 Renacimiento Americano 25C open pollinated Cultivar  Uruguay Row Early R MR R
Cltr 12021 Centenario  selection from landrace Cultivar  Uruguay Head Pl1 644115  Cltr12021-sel-fhb Early MR MR MR
Cltr 12470 Frontana Fronteira/Mentana Cultivar Brazil Head P1644116  Cltr12470-sel-fhb Late S MS MS
5 Cltr 13136 Rio Negro  Supresa/Centenario Cultivar Brazil Row Intermediate MR MR MR
g Cltr 17427 16-52-2 Breeding Brazil Row Late MR MR MS
3 Cltr 2492 White Russian Landrace  China Head PI 644113 Cltr2492-sel-fhb Early MR MR MR
g Cltr 5103 274 Landrace Argentina Row Late R R MR
g PI 104131 Excelsior ~ Arminda/Virtue Cultivar  Argentina Row Intermediate MR VR R
g Pl 104138 Klein Triunfo  Americano 25C/Pelon 33C1 Cultivar  Argentina Row Early MS MS MR
§ Pl 113948 Kooperatorka selection from Krymka Cultivar Ukraine Row Late S MR R
=l PI113949  Stepnjachka iigfstf:sgzg Banatka Culivar  Ukraine  Row Late S R R
g Pl 132856 Mentana Rieti/Wilhelmina//Akagomughi Cultivar Italy Head P1644118  PI132856-sel-fhb Intermediate  MS MR MS
5 Pl 163429 Cultivated  Argentina Head PI 644119  PI163429-sel-fhb Early MR R MR
<E( PI 163439 Cultivated  Argentina Head PI 644120  Pl163439-sel-fhb Early MR MR MR
° PI 168716 Klein Condor Standard F.C.S./Sud Oeste F.C.S.  Cultivar  Argentina Head Pl 644121 PI168716-sel-fhb Early MS R MR
..02; P11 168727 Bahiense  Klein Sinmarg/Eureka F.C.S. Cultivar  Argentina Head P1644122  PI168727-sel-fhb Intermediate MR MR MR
8 Pl 182561 Sin Chunaga Cultivated  Japan Row Intermediate R S MR
n Pl 182565 Haya Komugi Cultivated  Japan Row Intermediate MR MS MR
g Pl 182568 Norin 34 Shinchunaga/Eshimashinriki Cultivar Japan Head Pl1 644123  PI182568-sel-fhb Early R MS R
g Pl 182583 Chuko Landrace Japan Head Pl 644124  PI182583-sel-fhb Intermediate R S
‘2 Pl 182586 Norin 43 zﬁ?romansakw Akakomugi 8// Cultivar  Japan Head  PI644125 Pl82586-sel-fhb  Early R MS MR
o) ichunaga
=
(@) Pl 182591 Norin 61 Fukuoka 18/Shinchunaga Cultivar Japan Head Pl 644126  PI182591-sel-fhb Early MR MS R
_(>3” Pl 184512 H 51 Americano 25e/Favorito//Universal  Breeding Argentina Head P11 644127  PI184512-sel-fhb Early MS R MS
8 PI185380  Prodigio Italiano Cultivated Italy Head Pl 644128  Pl185380-sel-fhb Late MR VR MR
ﬁ P1 185383 3084 Cultivated Argentina Row Early MR MR R
g Pl 185843 Surpresa  Polyssu/Alfredo Chaves 6-21 Cultivar Brazil Row Intermediate MR R MR
I:L- PI 192219 Hatvani Cultivar Hungary Head PI 644129  PI192219-sel-fhb Late MS MR MR
g Pl 192498 v 01319;21/2 Cultivated Argentina Head Pl 644130  PI192498-sel-fhb Early MS MR MR
Gl biioo63a  Tintecino  ATedo Chaves 3-21/Afredo Cultivar  Brazil Row Intermediate MR~ MR MR
a Chaves 4-21
8 P1192660  Prodigio ltaliano Cultivated Italy Head PI 644131 PI192660-sel-fhb Late R VR MR
= PI1203083 Wabian Cultivated Paraguay Head Pl 644132  PI1203083-sel-fhb Intermediate  MS MS R
g PI1 213833 Funo Duecentodieci/Damiano Cultivar Italy Head Pl 644133  PI213833-sel-fhb Late MS MS MS
g PI214392  Colotana 266/51 Colonista/Frontana Breeding Brazil Row Late MS MS MS
.;ﬁ PI233207  Odesskaja 13 ELX;Z?;::Q;W 76231/ Culivar  Ukraine  Row Intermediate MR MR MR
= . .
§' PI256958  Academia 48 ziljcvt:?;:\jom Romanian Culivar Romania  Head  PI644134 PI256958-se-fb Intermediate MS R MR
Pl 264927 220 Landrace  Greece Head PI 644135  PI264927-sel-fhb Late MR R R
Pl 264940 111a Landrace  Greece Head P1644136  PI264940-sel-thb Intermediate MR~ MR MR
Pl 264946 1032 Landrace Italy Head Pl1 644137  PI264946-sel-fhb Intermediate  MS MS MR
PI1 264998 628 Landrace  Greece Head Pl1 644138  PI264998-sel-fhb Intermediate MR MR R
P11 272348 Lontoi Cultivar ~ Hungary Row Intermediate MS MR MR
Pl 285933 Chudoskaja Cultivated  Poland Row Intermediate MR R MS
PI 294975 Artemowska Cultivated  Bulgaria Head PI 644139  PI294975-sel-fhb Late MR VR MR
PI344454  Buck Austral 0@ o0/Quivira/Guatrache/3Mas- b Agentina Row Early MS R MR

saux No. 1/Buck Quequen 2-2-11
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Table 4. Continued.

.. . . i New NSGS seed Reactions
Original NSGC seed information SetIeCtlTon information measured byT
e measyrec by _
Accession ID Pedigree Status Country P Accession ID Maturity$ Index VSK DON
Pl1 344465 Laureano Benvenuto Inca/Klein 157 Cultivar  Argentina Row Intermediate  MS MR R

Alvarez Laah
Thatcher/Sinvalocho M.A.//

Pl 344467 Oncativo Inta Beckman 1971 Cultivar  Argentina Row Early MS MR R
T Pint

PI 345731 eza;lis(,:o;n 0s Frontana//Thatcher/Sinvalocho Cultivar  Argentina Row Early R R MR
PI 349534 533b Landrace Switzerland  Head P1644140  PI349534-sel-fhb Intermediate MS R MR
PI 351221 Nsxzs;?h Cultivated Switzerland ~ Head ~ PI644141  PI351221-sel-fhb Intermediate MR VR R
Pl 351256 Japon 2 Cultivated  Japan Head Pl 644142  PI351256-sel-fhb Intermediate MR MS R
PI 351476 Vaulion Cultivar  Switzerland Head PI 644143  PI351476-sel-fhb Late MS R MR
PI 351743 Cluj 49-926 Cultivar ~ Romania Head Pl 644144  PI351743-sel-fhb Early MR R MR
PI 351748 Jasi 10t Cultivar ~ Romania Head Pl 644145  PI351748-sel-fhb Intermediate MS MR MR
Pl 351816 FroJrzf)g;D“ Cultivated Switzerland ~ Row Intermediate MR~ MS R
PI 351993 2.88.54 Breeding Switzerland  Head P1644146  PI351993-sel-fhb Intermediate MS MR

Pl 352062 Vivela Mar Cultivated Argentina Row Early MS MR R
PI 360869 Fujimi Komugi Norin 67/2*Norin 26 Cultivar Japan Head PI 644147  PI360869-sel-fhb Late MR MS MR
Pl 362437 li/14-B Landrace Yugoslavia Row Late MR MR MR
PI1 382140 Abura Cultivar Brazil* Row Early R MS VR
Pl 382144 Encruzilhada Fortaleza/Kenya Farmer Cultivar Brazil Head PI 644148  PI382144-sel-fhb Late MR MS R
PI1 382153 Nobeoka Bozu Landrace Japan Row Intermediate VR VR VR
Pl 382154 Nyu Bai Landrace Japan Row Intermediate VR VR VR
PI1 382161 Tokai 66 Cultivar Brazil* Row Early VR VR VR
PI1 382167 16-52-9 Red Hart/PG 1 Breeding Brazil Row Late MR R R
Pl 411132 Gogatsu-KomugiGokuwase 2/Norin 61 Cultivar Japan Row Early MR S MR

Estanzuela  Bage/4/Thatcher/3/Frontana// )
Pl 434987 It R Earl R MR MR
8498 Young Kenya 58/Newthatch Cultivar - Uruguay ow any
Shu Ch
Pl 462151 u~hou Cultivated  China Row Intermediate R~ R R
Wheat No. 3
Bage/Tehuacan/3/Frontana/Kenya ,
PI 519790 274-1-118 58/Newthatch/RL 4151 Breeding  Uruguay Row Early R MR MR
PI 57364 Cltr 7175 Landrace China Head Pl 644117 PI57364-sel-fhb Late MS MS MR
P1 584926 Pantaneiro  Sonora 63*2/Lagoa Vermelha Cultivar Brazil Row Early MR MS MS
P1 584934 Whestphalen CNT 10/Burgas 2//Jacui Cultivar Brazil Row Intermediate S MR MR
S, H
Pl 81791 apporo Haru Culivar  Japan Row Late R VR MS
Komugi Jugo
P1 83729 Magyarovar 81 Cultivar ~ Hungary Row Late MR R MR

fRow: in the unreplicated FHB evaluation nursery of 1998 or 1999, the whole plot planted from the NSGC seeds were harvested, the harvested seeds were multiplied in

Christchurch, NZ, in crop season 1998-1999 or 1999-2000, and used in the replicated FHB evaluation nursery in 1999-2002. Head: In unreplicated disease screening
nursery 1998 or 1999, a few head of low FHB were selected from plants of the NSGC seeds, the harvested seeds were multiplied in Christchurch, NZ, and used in the
replicated FHB evaluation nursery in 1999-2002.

#The seed of the head selections made from the original NSGC was deposited in the NSGC with a new accession number and ID.

SEarly, mean days from planting to heading equal or less than 57 d; Intermediate, mean days from planting to heading 58-61 d; Late, mean days from planting to heading
more than 61 d.

VR, very resistant; R, resistant; MR, moderately resistant; MS, moderately susceptible; S, susceptible.
#This wheat line is most likely introduced from Japan to Brazil (T. Ban, personal communication, 2006).

26 accessions were from nine countries in Europe, and 15
accessions were from China and Japan (Table 1). Therefore,
FHB resistance of European origin consisted of 36% of FHB
resistant selections in this study. Most of the accessions from
China and Japan had a VR to MR reaction based on FHB
index. Only one European accession, PI 192660 (Prodigio

[taliano), was classified as R based on FHB index, while the
remaining European lines were MR to S. Selections clas-
sified as VR to R based on VSK consisted of 13 accessions
from Europe, 10 accessions from South America, and four
accessions from Asia. More selections from Europe fell in
the groups VR to R based on VSK, compared to selections
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Table 5. Correlation coefficient among Fusarium head
blight (FHB) index, percentage visual scab kernel (VSK),
and deoxynivalenol (DON), plant height, and days to head-
ing of the 73 selections of FHB resistant germplasm based
on means of replicated field nurseries from 2000 to 2002 in
Brookings, SD.

VSK DON Plant height Days to heading
Index 0.09 0.40** 0.22* 0.10
VSK 0.24* -0.66"* -0.08
DON 0.08 0.10
Plant height 0.49**
*Significant at P < 0.05.
**Significant at P < 0.01.

from South America and Asia. Low DON concentration
was more common in selections from China and Japan than
from Europe and South America. We believe that the Euro-
pean spring wheat FHB resistance gene pool appeared to be
unique in that selected accessions were moderately resistant
in the field and produced sound seed as measured by VSK
and reduced DON contamination.

Among the 63 accessions of putative new FHB resis-
tant sources, known FHB resistant cultivars Frontana and
Shin Chunaga appeared in the pedigrees of seven acces-
sions (Table 4), and 11 accessions were landraces. The
landraces and modern breeding lines without known
resistance in the pedigrees may represent new genes for
resistance. For example, the two new Chinese resistant
accessions, Cltr 2492 and PI 57364, were landraces from
Heilongjiang Province in northeastern China. Those lines
might have FHB resistance different from that in modern
cultivars represented by Sumai 3 and its relatives from the
spring wheat regions in the middle and lower Yangtze
River Valley and South China (Liu and Wang, 1991; Wan
et al., 1997; Yu et al., 2006).

There was a wide range of FHB reaction in terms of
FHB index, VSK, and DON. Accessions of the best FHB
resistance were PI 382153 (Nobeoka Bozu), PI 382154
(Nyu Bai), and PI 382161(Tokai). Accession PI 382140
(Abura) was rated as R based on FHB index, MS based on
VSK, but VR based on DON. Brazil was the seed source
of PI 382161 and PI 382140 in NSGC. However, the
names Tokai 66 and Abura suggest that they were origi-
nally from Japan and may have been introduced to Bra-
zil (T. Ban, personal communication, 2006). Molecular
marker data results suggest that the above four accessions
might have the Sumai 3 FHB resistance gene Fhbl on
the chromosome 3BS (Liu and Anderson, 2003; S. Liu,
personal communication, 2007). In our work these lines
were more resistant to DON contamination than Sumai
3 and should be valuable for introducing a higher level of
resistance to DON in wheat cultivars.

In our study, selections with low VSK were generally
associated with low DON contaminations. Nine of the
27 accessions classified as VR to R based on VSK, nine

were also classified as VR to R and 16 were classified as
MR, based on DON. However, this was not always the
case. PI 184512, PI 285933, and PI 81791 were classified
R for VSK, but MS for DON accumulation. Resistance
measured based on FHB index did not necessarily indicate
resistance expressed as a low frequency of VSK. Signifi-
cant correlation of index and VSK with DON indicated
that selection based on field visual estimate and kernel
appearance generally would result in lower DON levels,
but the extent of DON reduction based on the index and
VSK varies among genotypes. The discovery of poten-
tially diverse FHB resistance sources of spring wheat
germplasm in this study will provide diversity and may
produce higher levels of resistance when different sources
are combined in breeding. The diverse sources of resis-
tance will also provide materials for studies of mechanisms
of FHB resistance in wheat. The addition of European
spring wheat germplasm for FHB resistance is encouraging
for future discovery of resistance in nontraditional FHB
resistance gene pools. The novelty and types of FHB resis-
tance in these selections should be further characterized in
the greenhouse by point inoculation and by haplotyping
using closely linked and diagnostic molecular markers.
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