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Abstract Wheat blast caused by Magnaporthe
oryzae pathotype Triticum (MoT) has become an
important fungal disease on wheat and is now present
in most of the important wheat-producing tropical
regions of the world. This study evaluated head blast
incidence on the spikes of 281 hexaploid wheat
genotypes and two Triticum durum cultivars across
three years (2011-2013) in the Cerrado Biome in the
Brazilian Midwest, a hotspot area and where the
highest disease levels have been recorded. Forty eight
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host lines exhibiting moderate to high resistance to the
disease included synthetic hexaploid wheat genotypes
(SHW) and derivatives (17), breeding lines (16),
landraces (2), and cultivars (13). Thirty early geno-
types were identified to have head blast incidence
levels similar to the moderately resistant cultivar BR
18. In addition, seven medium maturing genotypes
and ten late maturing genotypes had average disease
incidence scores on spikes below 35%. These were
grouped separately from all other materials. This study
also indicated a strong correlation between head blast
incidence and yield loss, indicating that incidence
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could be an appropriate selection parameter in breed-
ing programs targeting blast resistance.

Keywords Brusone - Pyricularia oryzae - Blast
reaction

Introduction

Wheat blast or ‘brusone’, caused by Magnaporthe
oryzae pathothype Triticum (MoT) (Catt.) B.C. Couch
2002 (asexual morph Pyricularia oryzae Cavara 1892)
(Couch and Kohn 2002; Zhang et al. 2016), was first
detected in commercial wheat fields in 1985, in Parana
state in Brazil (Igarashi et al. 1986). Currently, the
pathogen is present on all wheat-producing regions of
the country, and also in Bolivia, Paraguay and
Argentina (Barea and Toledo 1996). It was identified
in Bangladesh in 2016 (Islam et al. 2016; Ceresini
et al. 2019) and was reported in Zambia in 2020
(Tembo et al. 2020). The Lolium pathothype (MoL)
was recovered from a single blasted wheat plant found
in Kentucky, USA in 2011 (Farman et al. 2017),
although it was of no subsequent concern.

The blast fungus can infect different aerial parts of
the plant at various stages of development. The most
severe disease symptoms occur on spikes as partial or
complete bleaching. Dark lesions that develop on the
rachis interrupt the translocation of sap. Depending on
the developmental stage, the plant can be severely
damaged, with the formation of small, wrinkled grains
with low test-weight (Goulart and Paiva 2000; Goulart
et al. 2007). Yield losses due to wheat blast in Brazil
have ranged from 10.5 to 100% (Goulart and Paiva
1992, 2000; Goulart et al. 2007; Cruz and Valent 2017;
Ferreira et al. 2020). Trials conducted in the Brazilian
Cerrado, where conditions are particularly favorable
for the disease (Trindade et al. 2006; Rocha et al.
2019), indicated lack of adequately resistant cultivars
and low efficacy of available chemical control prod-
ucts (Pagani et al. 2014). Wheat blast is recognized as
a threat to wheat production in tropical regions of the
world (Rocha et al. 2019; Sharma and Singh 2020) and
risk assessment studies were initiated in Brazil (Fer-
nandes et al. 2017) and worldwide (Duveiller et al.
2016).

A number of studies, conducted under controlled
conditions and field trials to evaluate the performance
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of wheat cultivars in areas where MoT is present
(Goulart and Paiva 1992; Urashima et al. 1993;
Urashima and Kato 1994; Goulart et al. 1995, 2007,
Arruda et al. 2005; Prestes et al. 2007; Cruz et al.
2010), identified several cultivars as moderately
resistant to wheat blast. As a consequence, cultivars
BH 1146 and BR 18 were recommended for planting
in the Cerrado area. BR 18 continues to be recom-
mended in the region (Ferreira et al. 2020).

Finding wheat genotypes with both leaf and spike
resistance to blast has proven to be a challenge,
because these resistant types do not always correlate
(Arruda et al. 2005; Ferreira et al. 2020). Cruz et al.
(2011) reported a limited correlation of 64% between
spike reaction and leaf reaction. Until recently, isolate-
specific blast resistance genes were unknown in the
MoT x wheat pathosystem (Trindade et al. 2006).
However, between 2008 and 2015, four resistance
genes, Rmg2, Rmg3, Rmg7, and Rmg§8, were identified
and shown to be effective in seedling trials against
certain groups of MoT isolates obtained from wheat
plants (Zhan et al. 2008; Tagle et al. 2015; Anh et al.
2015). Moreover, Cruz et al. (2016) showed a positive
correlation between the resistance of some wheat
accessions to MoT and the presence of a chromosomal
translocation (2NS/2AS) involving chromatin from
Aegilops ventricosa. Finally, Ferreira et al. (2018)
identified several resistant wheat lines that did not
have the 2NS/2AS translocation.

Breeding for resistance involves the evaluation and
selection of host accessions with the highest levels of
resistance traits under uniform inoculum levels. As
disease intensity on a given host genotype varies with
prevailing environmental conditions and magnitude of
the pathogen population (often referred to as ‘disease
pressure’), ‘hotspot’ trials were established in loca-
tions where natural infection was most likely and
genetic diversity of the pathogen was greatest in order
to ensure detection of the most effective and stable re-
sistance sources (Dias Neto et al. 2010; Urashima et al.
2004).

This present work reports the blast responses of 283
wheat genotypes in a hotspot location and attempts to
quantify the relationship between wheat blast inci-
dence and yield loss.
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Materials and methods
Plant materials and experimental conditions

A collection of 281 hexaploid wheat genotypes and
two Triticum durum cultivars, from Embrapa Trigo
Germplasm Bank (BAG-Embrapa Trigo), was evalu-
ated between 2011 and 2013 in the field in a hotspot at
Embrapa Cerrados Experimental Station, located at
Planaltina, DF, Brazil (17°35'03"S, 47°42'30"W,
1100 m altitude). The panel included landraces,
commercial cultivars, breeding lines and synthetic
hexaploid wheat (SHW) lines. Accessions identified
as CBFusarium ENT are synthetic wheat derivatives
from a crossing block (CB) distributed by CIMMYT.

Each genotype was manually sown with a density
of 65 seeds m~'. Each experimental unit consisted of
one 3-m row, which was replicated three times per
genotype. The distance between rows was 20 cm. The
replications were distributed in a completely random-
ized design. There were one to three years of disease
evaluation data per genotype (i.e., three to nine
observations). One hundred and eighteen genotypes
were sown on February 17, 2011, 146 on February 15,
2012, and 134 on February 15, 2013. The environ-
mental conditions were also highly conducive to
wheat blast infection (Torres et al. 2009). Weeds and
pests were controlled by metsulfuron-methyl and
chlorpyrifos, at recommended dosages, respectively.
Four hundred kg of NPK 4-30-16 + boron fertilizer
were applied at planting, followed by 80 kg ha~' of N
at 20 and 40 days after emergence.

Maturity status was based on the number of days
between planting and 50% fully emerged spikes per
genotype, and materials were classified as early
maturing (up to 60 days post planting), medium
maturing (61 to 75 days) or late maturing (over
75 days). Maturity status of the host genotype impacts
blast intensity by affecting the duration of the
epidemics of this polycyclic disease.

Disease and grain yield evaluation

Genotypes were classified according to maturity
grouping, evaluated for blast incidence on the spikes,
and yield. Blast incidence evaluation for each plot
started at 50% total-spike emergence. Each spike
showing bleaching symptoms was marked with a
coloured ribbon and the plots were assessed weekly

until maturity. For each year the average blast
incidence (ratio between the number of bleached
spikes/total number of spikes in the plot) X 100) per
plot/per genotype was determined. The data were used
to compare blast levels among genotypes within each
maturity cycle.

The impact of wheat blast incidence on grain yield
was verified twice by determining yield loss of the
early cycle genotypes in 2011 and 2013. The harvest
was performed manually separating healthy spikes
from infected spikes. The number of healthy, infected,
and total spikes of each plot was determined, healthy
and infected spikes were threshed, and the grains
weighed separately for each experimental unit. Syn-
thetic wheat materials were not included due to hand
threshing difficulties. In 2013 the genotypes with
100% spike blast incidence were not harvested.

Data analysis

The Scott-Knott method for unbalanced experiments
(Conrado et al. 2017) was implemented in the R
language to compare and classify genotypes for each
maturation group. Conrado et al. (2017) presented and
validated an adjustment of the Scott-Knott method
with minimal loss of power and satisfactory control of
type I error. The adjustments allowed balancing the
standard error estimates in cluster analysis, by con-
sidering the unbalanced numbers of each treatment for
all candidate partition subsets.

Yield loss (L) was determined by the difference
between potential yield (PY) and actual yield (AY),
according to calculations proposed by Goulart et al.
(1993):

L =PY —AY
PY =(GWHS/NHS) x NTS
AY = GWHS + GWIS

where

GWHS = Grain weight of healthy spikes/
m? (assurning X TOWS per mz)
NHS = Number of healthy spikes/m?
NTS = Total number of spikes/m>
GWIS = Grain weight of infected spikes/m>

@ Springer
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The data were extrapolated to kg ha~'. Loss was
defined as the reduction in the amount of grain (grain
yield) caused by wheat blast and regression analysis
between disease incidence and loss was performed.
Head blast incidence was used as an independent
variable and yield loss as the dependent variable.

Results and discussion

Field resistance of genotypes within each
maturation cycle

One hundred and ninety four genotypes were classified
as early, 60 as medium and 29 as late maturing.
Considering the entire three-year period 97 genotypes
reached 100% disease incidence and were not
included in the statistical analysis (Online Resource
1, Table a). The analysis of variance for the remaining
186 genotypes is shown in Table 1.

There were significant differences among the
genotypes for each maturity class for the average
wheat blast incidence (Table 1). The analysis sepa-
rated the genotypes into four clusters (a, b, c, and d)
within the early (Table 2) and medium (Table 3)
maturation groups and three clusters (a, b and c) for the
late maturation genotypes (Table 4).

Early maturation group

Thirty-one genotypes formed cluster ‘a’ with mean
blast incidence varying from 7.66 to 38.99% (Table 2).
The lowest mean disease incidences in this cluster
were 7.66 and 12.11% for CBFusarium ENTO016 and
CBFusarium ENTO025, respectively. Genotypes

marked CB were documented as having resistance to
Fusarium head blight but had not been previously
tested for blast reaction (Ferreira et al. 2020).

CPAC 07434 (19.37%), also in this cluster, carries
the 2NS/2AS chromosome translocation (Ferreira
et al. 2018, 2020), which has been associated with
wheat blast resistance (Cruz et al. 2016). However,
other genotypes in this cluster, including BR 18, BRS
229, BRS Angico, CPAC 07340, and Embrapa 27, also
exhibited significant low blast incidence in this study
and were classified as resistant by Ferreira et al.
(2018, 2020), but do not carry that translocation. BR
18 and BRS 229 are two of the most important wheat
cultivars in Brazil in terms of durable resistance to
blast (Ferreira et al. 2018, 2020). BR 18 (38.78%) was
released in 1986 and remains recommended for
cultivation in the central region of Brazil, due to its
blast resistance and baking quality (CBTT 2011, 2020;
Ferreira et al. 2020). BRS 229 (32.26%) was com-
mercially cultivated between 2004 and 2012 in Parana
state (Brazil) and was known for good resistance to
blast and other major fungal diseases (Ferreira et al.
2018, 2020). BRS Angico (28.66%) and CPAC 07340
(34.88%) were also identified as sources of blast
resistance in previous work (Ferreira et al. 2018).
Embrapa 27 (35.03%) was frequently used as a
breeding parent in the Embrapa wheat breeding
program in the 1990s (Sousa et al., 2014). This
cultivar also had the lowest blast severities on seedling
leaves when inoculated with 18 M. oryzae isolates
(Cruz et al. 2010), and showed spike resistance at the
adult plant stage (Ferreira et al. 2018).

Cultivar BH 1146 (36.96%) was recommended for
the Cerrado in the 1980s, since it was considered
moderately resistant to wheat blast (Goulart and Paiva
1992; Urashima et al. 1993; Urashima and Kato 1994,

Table 1 Analysis of variance (mean squares, MS) for average wheat blast disease incidence (%) on spikes for early, medium, and
late maturing genotypes evaluated for three consecutive years (2011-2013)

Source of variation Maturity group

Early Medium Late

Df! MS Df MS Df MS
Genotypes 111 1593.0% 47 1715.4% 25 1729.5%
Error 491 292.4 183 293.1 109 359.1

'Df Degrees of freedom
*Significant at p = 0.01 by the F test
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Table 2 Head blast incidence (%) of 112 early maturing wheat genotypes observed in 2011, and/or 2012, and/or 2013 evaluated in
‘hotspot’ assays at Embrapa Cerrados, Planaltina, DF, Brazil

Genotype Pedigree Mean Years assessed
CBFusarium ENT016 ~ No Information 7.66a* 2013
CBFusarium ENT025  No Information 12.11a 2013
Casw96y00538s D67.2/P66.270//Ae.squarrosa (301) 15.05a 2013

T 50130 Cook*4/VPM 1 19.27a 2011, 2012, 2013
CPAC 07434 Taurum/BRS 254 19.37a 2012, 2013
Cigm921698 Garza/Boy//Ae.tauschii (374) 25.51a 2013

PF 940110 PF-83743/PF-813019//PF-84296/PF-83743 27.03a 2013

CPAC 07407 No Information 27.33a 2012

BRS Angico PF 87107/2*IAC 13 28.66a 2011, 2012, 2013
CPAC 0544 Embrapa 22/CM 106793 31.63a 2012

Opata 85 Bluejay(SIB)/Jupateco 73 31.71a 2011, 2012, 2013
Cigm87.2771 Altar-84/(TR.TA)WX-211 31.97a 2013

BRS 229 Embrapa 27*3//BR 35/Buck Poncho 32.26a 2012, 2013

IPF 82880 W-3918-A/Jupateco-73 32.38a 2013

PF 030027/1 CEP 24 SEL/BRS 194 33.15a 2013

Giza Landrace 33.85a 2011, 2012, 2013
CPAC 0787 BRS 208/PF 990607//PF 980354 34.17a 2012, 2013
CPAC 07340 CPAC 96306/CPAC 9985 34.88a 2012, 2013
Embrapa 27 PF 83743//PF 83182/F 25716 35.03a 2011, 2012, 2013
BRS 220 Embrapa 16/TB 108 36.05a 2011, 2012, 2013
Cigm93275 Arlin_1/Ae.tauschii (536) 36.23a 2013

Onix CEP 24/(SIB)/Rubi 36.30a 2011, 2012, 2013
CPAC 0761 Taurum/CPAC 98222//CPAC 96306/PF 973047 36.66a 2012

BH 1146 PG 1//Fronteira/Mentana 36.96a 2011, 2012, 2013
BRS 179 BR 35/PF 85946/3/PF 772003*2/PF 813//PF 83899 37.33a 2011, 2012, 2013
PF 100757 BH 1146/CEP 24//BRS 229 37.39a 2013

PF 993118-B Graneiro INTA/CPAC 92108 37.71a 2012

PF 100660 MGS 1-Alianca/WT 99172 38.10a 2013

BRS Timbauva BR 32/PF 869120 38.53a 2012, 2013

BR 18 D 6301/Nainari 60//Weique/Red Mace/3/Ciano 67*2/Chris 38.78a 2011, 2012, 2013
PF 023186ca Klein H 3394 A 3110/PF 990744 38.99a 2013

PF 92482 (825518) BR-35*5//BR-14*2/Largo 40.30b 2013

CPAC 0691 Tapar 17/CPAC 98222 41.61b 2012

CPAC 06298 Babax/3/Vee/PIN//2*Tui 41776 2012

Embrapa 40 PF 7650/NS 18 78//CNT 8/PF 7577 4429p 2011, 2012, 2013
BRS Louro PF 869114/BR 23 44.63b 2011, 2012, 2013
BRS 208 CPAC 89118/3/BR 23//CEP 19/PF 85490 4498b 2011, 2012, 2013
PF 015733C/1 PF 99602/WT 98109 45.07b 2013

PF 990606 TB 951/TB 941 45.31b 2011, 2012
CPAC 05342 CPAC 931042/Diamante INTA 4549 2012

PF 020037 PF 89375*2/CEP 24 46.50b 2011, 2012, 2013
BR 24 IAS 58*2/Eagle 46.59b 2011, 2012, 2013
Lagoavermelha Veranopolis*2//Marroqui/Newthatch 46970 2011, 2012, 2013
PF 050771 IPF 78786 47.15b 2012, 2013

@ Springer



84 Page 6 of 13

Euphytica (2021) 217:84

Table 2 continued

Genotype Pedigree Mean Years assessed
PF 909 PF 83743/PF 82252//PF 84433/BR 35 47296 2011, 2012, 2013
Menceki LV TUR 47.65b 2011, 2012, 2013
CPAC 05406 Embrapa 22*3/Sonora 64 47.68b 2012

PAT 7392 J 12326 67/1AS 55 48.44b 2011, 2012, 2013
PF 040007 MRGA/Yecora Rojo-2 49.61b 2012

CPAC 07258 CPAC 96306/CPAC 9985 49.66b 2012

BRS 207 Seri 82/PF 813 49.84b 2011, 2012, 2013
PF 090452 PF 89375/PF 990607 50.60b 2013

Hartog Vicam 71//Ciano 67(SIB)/Siete Cerros 66/3/Kalyansona/Bluebird 50.62b 2012, 2013
Brilhante PF 8640/BR 24 50.70b 2011

CPAC 0549 Embrapa 41/PF 88414 51.02b 2012

BR 32 IAS 60/Indus 66//IAS 62/3/Alondra/4/IAS 59 51.70b 2011, 2012, 2013
Anahuac 75 II 12300//Lerma Rojo 64/11 8156/3/Norteno 67 52.01b 2011, 2012, 2013
Siete Cerros Penjamo 62 SIB/Gabo 55 52.05b 2011, 2012
CPAC 04295 Embrapa 22/BR 33 52.26b 2012

BRS 254 Embrapa 22*3/Anahuac 75 53.13b 2012

CPAC 06266 Embrapa 42/TB 951 53.19b 2012

PF 100332 BR 18/MGS 1-Alianga 53.29p 2013

CPAC 0754 Taurum/BRS 207//PF 8190/BR 18 53.58b 2012

Morocco Landrace 53.76b 2012

Quartzo Onix/Avante 55.24b 2013

IPF 79812 No Information 55.72¢ 2013

BRS 49 BR 35/PF 83619//PF 858/PF 8550 56.04c 2011, 2012, 2013
CPAC 04347 CPAC 8947/CPAC 8886 56.54c 2012

PF 9127 BR 32/BR23//BR 32/BR 35 56.76c 2011, 2012, 2013
CPAC 0770 Taurum/CPAC 98222//CPAC 96306/PF 973047 57.22¢ 2012

PF 030019 IPF 71449/2*BRS 177 58.31c 2011, 2012
Londrina IAS 16 /4/ Norin 10 B17/Yaqui 53//Yaqui 50 /3/ Kentana 54B 58.72¢ 2011, 2012, 2013
IAS 20 Colonias//Frontana/Kenya 58 59.19¢ 2011, 2012, 2013
Casw94y00064s Local Red/Ae.squarrosa (220) 60.55¢ 2011

CPAC 07265 CPAC 96306/CPAC 9985 60.65¢c 2012

Taurum Bobwhite/Nacozari//Veery/3/Bluejay/Cocoraque 61.07c 2012

Tota 63 Yaqui 53//Bonza 55/Kenya Al 61.10c 2011, 2012

BR 35 TIAC 5*2/3/CNT 7*3/Londrina//IAC 5/Hadden 62.09c 2011, 2012, 2013
CPAC 04215 No Information 62.84c 2012

PF 92482 (825590) BR-35*5//BR-14*2/Largo 63.19c 2013

CD 108 TAM 200/Turaco 63.84c 2013

W 185 Tobari 66//Ciano SIB/Tokwe 65.76¢ 2011, 2012
CPAC 07259 CPAC 96306/CPAC 9985 66.05¢ 2012

Ruminahui Marne Desprez//McMurachy/Egipto/3/*2AF/Mayo 66.79c 2011, 2012
Cruza 0454 Romany//Gabo/Gamenya 66.91c 2011, 2012, 2013
CPAC 0794 Taurum/BRS 254 67.47¢ 2012

PF 92482 BR-35*5//BR-14*2/Largo 68.03¢c 2011, 2012
CPAC 05266 Embrapa 42/CPAC 9548 68.90c 2012

Iniaf 66 Lerma Rojo 64/Sonora 64 69.39¢ 2011, 2012
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Table 2 continued

Genotype Pedigree Mean Years assessed
CPAC 05164 BR 33/PF 91627 69.96c 2012

PF 040006 BH 1146/MAX 15 70.30c 2012

IPR 85 Tapar 30/BR 18 70.82¢c 2011, 2012
PF 980354 BR 35/CEP 24//PF 88522 71.29¢ 2011, 2012
Ning84n1406 No Information 71.52¢ 2011, 2012
PF 090299 WT 98109/TB 0001 71.93¢ 2013

PF 781198 Nadadores 63/3/Chris SIB//Gloriabamba 72.58c 2011, 2012, 2013
CPAC 06232 Embrapa 22/Taurum 73.20c 2012
Karamu Lerma Rojo//Norin 10/Brevor/4/Yaktana 54//Norin 10/Brevor/3/3*Andes ~ 75.28d 2011, 2012
CPAC 07449 No Information 75.76d 2012
CPAC 07292 PF 973047/Taurum 76.07d 2012
CPAC 07263 CPAC 96306/CPAC 9985 76.38d 2012

PF 93157 MS 7936/2*Jacui//PF 83147/BR 15 76.64d 2011, 2012
PF 100334 BR 18/Alianga 78.14d 2013

PF 980270 Embrapa 40/PF 89232 80.54d 2011, 2012
Cass03gh00084s SHAG_22/Ae.squarrosa (721) 83.39d 2011
CPAC 05347 CPAC 93,175/Granero INTA 84.43d 2012
CPAC 05345 CPAC 93,175/Granero INTA 86.00d 2012
CPAC 05320 CPAC 93175/Granero INTA 87.42d 2012
Maiteninia Tezanos Pintos Precoz/Paloma//Siete Cerros 66 88.07d 2011, 2012
PF 87849 Jupateco 73*6/Toropi 95.95d 2011

303 No Information 98.17d 2011
Embrapa 42 LAP 689/MS 7936 99.32d 2011

*Means followed by the same lower-case letter in the column did not differ significantly from each other (Scott-Knott’s method for

unbalanced experiments, p < 0.05)

Goulart et al. 1995, 2007; Arruda et al. 2005; Prestes
et al. 2007; Cruz et al. 2010). Unfortunately, it was
prone to lodging (Goulart and Paiva 1992). In the
present study, its performance was similar to BR 18,
indicating that it remains an important source of
resistance to blast (Table2).

Cultivar Anahuac 75 (52.01%) was previously
considered susceptible to wheat blast and was fre-
quently used as a susceptible check in field trials.
However, in the present study, Anahuac 75 fell into
group b, along with 34 other genotypes with an
average incidence varying from 40.30 to 55.24%
(Table 2). This included PF 909 (47.29%), which was
considered resistant by Ferreira et al. (2018, 2020).
Although Anahuac 75 had a mean blast incidence
above 50%, 47 other genotypes in clusters ¢ and d had
higher blast incidence (Table 2).

The wheat blast incidence observed for cultivar
Embrapa 42 (99.32%) (Table 2) agrees with recent
reports, in which it was classified as susceptible
(CBTT 2013; TIAC 2018). This contrasts with the
report of Rocha et al. (2019), who described cultivars
Embrapa 42, Anahuac 75, and BRS 254 (53.13%) to
have lower AUDPC values than cultivar BR 18, based
on vegetative stage assessments. These contrasting
results indicate that leaf and spike resistance to blast
might not be correlated.

Among the 39 genotypes in cluster a, there were
four synthetic wheat genotypes (SHW), Cas-
w96y00538s (15.05%), Cigm921698 (25.51%), Cig-
m87.2771 (31.97%), and Cigm93275 (36.23%). These
genotypes are potentially important for extending the
sources of blast resistance beyond that available in
conventional hexaploid wheat germplasm.

@ Springer
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Table 3 Wheat head blast incidence of 48 medium maturing wheat genotypes observed in 2011, and/or 2012, and/or 2013 evaluated
in ‘hotspot’ assays at Embrapa Cerrados, Planaltina, DF, Brazil

Genotype Pedigree Mean Years of observation
Casw94y00116s Cerceta/Ae.tauschii (533) 00.68a* 2011
CBFusarium ENTO14 No Information 05.69a 2013
Casw00gh00065s Local Red/Ae.tauschii (221) 07.96a 2011
CBFusarium ENTO006 No Information 09.34a 2013
Cigm921696 DOY 1/Ae.tauschii (370) 10.85a 2013

OC 8154 IAS-64/Aldan 18.15a 2013

IPR 144 Seri*3/Buc/5/Bow/3/Car 853/Coc//Vee/4/0C22 19.83a 2013

IPR 130 Rayon//Vee#6/Trap#1 25.08b 2013
Weebilll Babax/Amadina//Babax 25.26b 2013
Casw94y00063s Local Red/Ae.tauschii (219) 28.82b 2011

CD 118 Veery/Koel//Siren/3/Arivechi M 92 30.22b 2013
Cigm89567 Cerceta/(TR.TA)WX-895 30.91b 2013
Sumai3 Funo/Taiwan Xiaomai 33.01b 2012, 2013
PF 926 Oasis/BR-5//BR-5/Coker-762 35.34b 2011, 2012, 2013
Safira PF 9099/0OR 1//Granito 35.86b 2011, 2012
Cigm921666 Rascon/T.tauschii (312) 36.99b 2013
Kleinlucero Klein Progreso/Apulia Klein 38.53b 2012
Jesuita Polyssu/Alfredo-Chaves-3.21 39.28b 2011, 2012
PF 020458 FL 72185A-A2-C1/Embrapa 40//CEP 24 39.77b 2011, 2012
Patriarca Trintecinco/Minuano 40.74b 2011, 2012
PF 89156 Sullivan/PF-79777 41.84b 2011, 2012
Lovrinl3 Bezostaya 1/Fiorello 42.65b 2011, 2012
302 No Information 44.75¢ 2011

IPR 128 Vee/Lira//Bobwhie/3/BCN/4/Kauz 44.97c 2013

PF 9052 PF-8237//LAP-689/3*CNT-10 45.90c 2011, 2012
Embrapal0 CNT 8*3/Sonora 64 46.54¢ 2012, 2013
PF 990283 PF 93232//Thatcher*8/VPM-1 47.78¢ 2011, 2012
PF 090318 IPF 78917/PF 940051 47.89¢ 2013

PF 080310 PF 980533/PF 970227//BRS Guamirim 48.27c 2013
Peladinho No Information 48.98¢c 2011, 2012
Veery2 Kavkaz/(SIB)Buho//Kalyansona/Bluebird 49.16¢c 2013
Castico (7. durum) USA-III-C/Ganso//Geier/Flamingo Mex 49.29¢ 2011, 2012
Casw94y00065s Local Red/Ae.tauschii (221) 51.34c 2011
Toropi Petiblanco 8 // Frontana 1971 37/Quaderna A 58.44c 2011, 2012
PF 090308 IPF 78917/PF 940051 58.45¢ 2013

CEP 24 BR 3/CEP 7887//CEP 7775/CEP 11 59.01c 2011, 2012, 2013
Colonista Roxo SEL 59.25¢ 2011, 2012
PF 090447 PF 89375/BRS 208 59.56¢ 2013

BRS Pardela BR 18/PF 9099 60.21c 2012
Rayonfn89 URES 81*2/Parula 60.76¢ 2013

IWT 08155 CMH74A.630/SX//CNO79/3/SW89-5124*2/Fasan 66.15d 2012

OR 1 Embrapa 27/Bagula 68.36d 2011, 2012
Colonias Trintecinco/S.L.G.242-30 72.44d 2011, 2012
PF040183 BRS 194*2/IPF 71449 73.18d 2011, 2012
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Table 3 continued

Genotype Pedigree Mean Years of observation
Agatha Agrus/6*Thatcher 78.95d 2011, 2012

NP 790 Pusa 165/Thatcher 79.47d 2013

IWT 08150 Milan/Kauz//Prinia/3/Babax 81.81d 2012

PF 010161 BR 23/Embrapa 16//Coker 80.33/PF 88522 88.94d 2011, 2012

*Means followed by the same lower-case letter in the column did not differ significantly from each other (Scott-Knott’s method for

unbalanced experiments, p < 0.05)

Medium maturation genotypes

Cluster a included seven genotypes with mean blast
incidence lower than 20% (Table 3). Casw94y00116s
(0.68%), CBFusarium ENTO014 (5.69%),
Casw00gh00065s (7.96%), CBFusarium ENTO006
(9.34%) and Cigm921696 (10.85%) showed less than
15% blast incidence (Table 3). CBFusarium ENTO014
was reported to carry the 2NS/2AS translocation and it
was also resistant in trials reported by Ferreira et al.
(2020). Cultivar Safira, (35.86%) previously consid-
ered a source of resistance by Ferreira et al. (2018),
was included in group b, which had an average
incidence ranging between 25.08 and 42.65%
(Table 3). In the present study, it was not ranked with
the best genotypes of this maturation group.

Late maturation group

The lowest and the highest blast incidence among the
late maturing materials were observed in SHW
genotypes (Table 4). The synthetic genotypes
Casw02gh00002s (9.18%), Cass03gh00077s
(13.99%), and Casw02gh00005s (19.38%), with the
same pedigree, performed similarly and were placed in
the same cluster (a) (Table 4). On the other hand,
Cass03gh00099s (86.75%), with a different pedigree,
had the highest blast incidence in this maturation
group (Table 4). As in the previous maturation groups,
SHW genotypes appeared to be a major source of
resistance to wheat blast. The inclusion of CBFusar-
ium ENTO007 (20.68%) in the ‘a’ group also indicated
the potential importance of CBFusarium ENT geno-
types as sources of blast resistance. Cultivar Shanghai
(43.32%) was in the intermediate cluster b, which had
an average blast incidence ranging from 39.90% to
56.54% (Table 4), but was considered resistant by
Ferreira et al. (2018).

Correlation between yield loss and wheat blast
incidence

A positive correlation between wheat blast incidence
on the spikes and yield loss was observed in the early
cycle genotypes in 2011 and 2013 (Fig. 1).

Over three-quarters of the yield loss in 2011 was
attributed to diseased spikes (R2 = 0.7646) (Fig. 1),
pointing to a strong correlation between blast inci-
dence on the spikes and yield loss. Based on the data
presented, we infer that once a spike is infected the
disease severity on that spike will generally be very
high, and that the yield loss for that spike will also be
high. Some genotypes showing high susceptibility
levels, such as IAC 24, PF 010,255, PF 020,062, PF
89,326 and PF 92,393, with 100% blast incidence had
yield losses between 87 and 98% (Online Resource 1,
Table b), whereas genotypes such as PF 909 and BH
1146, with mean incidence values of 79% and 64%,
had very minor yield losses (1% and 2%, respectively)
possibly indicative of tolerance.

In 2013, the yield loss-disease incidence correlation
was even stronger and 80% of the yield loss was
attributed to disease incidence on the spikes
(R? = 0.8005) (Fig. 1) (Online Resource 1, Table c).
The high correlations found in 2011 and 2013 show
that blast incidence on wheat spikes is a particularly
important parameter when evaluating genotypes for
resistance to MoT. Not surprisingly, there is a direct
effect on yield.

This study complements and corroborates previous
response assessments conducted by Arruda et al.
(2005) and confirms the effectiveness of quantifying
the disease incidence on spikes as a simple and
adequate variable to evaluate the blast reactions of
wheat genotypes and their effects on yield loss.
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Table 4 Wheat head blast incidence of 26 late cycle wheat genotypes observed in 2011, and/or 2012, and/or 2013 evaluated in

‘hotspot’ assays

Genotype Pedigree Mean Years of
observation
Casw02gh00002s 68.111/Rugby-USA//Ward Resel/3/Stifftail/4/Ae.tauschii (617) 09.18a* 2011
PF 070475 WT 98109/TB 0001 09.49a 2013
Casw02gh00045s D67.2/P66.270//Ae.tauschii (668) 11.22a 2011
Cass03gh00077s 68.111/Rugby-USA//Ward Resel/3/Stifftail/4/Ae.tauschii (700) 13.99a 2011
Casw00gh00019s Cerceta/Ae.tauschii (425) 17.94a 2011
Casw02gh00005s 68.111/Rugby-USA//Ward Resel/3/Stifftail/4/Ae.tauschii (623) 19.38a 2011
CBFusarium No Information 20.68a 2013
ENTO007
Frontana Fronteira/Mentana 22.07a 2011, 2012
Trintecinco Alfredo Chaves 3.21/Alfredo Chaves 4.21 30.98a 2011, 2012
Galegorapado Landrace 33.79a 2011, 2012
BRS177 PF 83899/PF 813//F 27141 39.90b 2011, 2012
Karim (7. durum) Jori 69(SIB)/(SIB)Anhinga//(SIB)Flamingo Mex 40.04b 2011
185583 Avrora//Kalyansona/Bluebird/3/(Sib)Woodpecker 41.46b 2013
HAR 604 4777*2/[FKN/GB/3/Pavon F 76 42796 2011, 2012
Shanghai (M)Yangmai-1 43.32b 2011, 2012
Embrapa 16 Hulha Negra/CNT 7//Amigo/CNT 7 4537b 2011, 2012
BRS Umbu Century/B 35 46.72b 2012
Frondoso Polyssu/Alfredo-Chaves-6-21 46.88b 2011, 2012
IPR 84 Anahuac 75/PF 7455//PF 72556/3/Pamir SIB/Alondra SIB//Kavco SIB 50.60b 2011, 2012
PF 010069 OR 1/C 97.33//PF 92334/PF87451 50.83b 2011, 2012
Cigm89559-1b ND-68-111/Rugby,USA//Ward/3/Flamingo Mex/4/Rabicorno/5/ 51.38b 2012
(TR.TA)WX-878
PF 040310/1 PF 88618/Coker 80.33//Frontana/Karl 56.54b 2013
Cotipora Veranopolis*2/Egyptian 101 69.10c 2011, 2012
PG 1 Polissu Sel 73.06c 2011, 2012
Estanzueladorado Estanzuela-Tarariras/3/Tobari-66//Klein-Petiso/Rafaela 74.20c 2011
Cass03gh00099s Gan/Ae.tauschii (790) 86.75¢ 2011

*Means followed by the same lower-case letter in the column did not differ significantly from each other (Scott-Knott’s method for

unbalanced experiments, p < 0.05)

Conclusions

The difficulty to find commercial wheat cultivars with
effective levels of resistance to blast, strengthens the
hypothesis raised by Urashima and Kato (1994), that
the widespread susceptibility of germplasm was due to
lack of resistance in current wheat cultivars globally,
and/or to a broad spectrum of virulence in MoT.
However, other factors may also play important roles.
Climatic conditions also seem to be important and the
disease so far has become significant in the more
tropical wheat growing areas (Sonder 2016). Head

@ Springer

blast will likely be one of the main factors directly
limiting grain yield, regardless of the blast resistance
level of the cultivar.

In the present study, thirty early maturing geno-
types were identified with statistically similar mean
wheat blast incidences on spikes comparable to the
moderately resistant cultivar BR 18. Seven medium
maturity and ten late maturity genotypes also had
average spike blast incidence levels less than 35%.
Among the 48 genotypes in ’a’ clusters across the
three maturation groups, 17 were SHW or CBFusar-
ium ENT entries, 16 were breeding lines, 13 were



Euphytica (2021) 217:84

Page 11 of 13 84
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commercial cultivars, and 2 were landraces. Although
no genotype fully immune to blast was identified,
there were lines that performed with apparent levels of
resistance in a disease "hotspot’. We predict that most
of these genotypes will perform similarly in other
regions with high disease pressure. Finally, this study
presents data confirming the strong correlation
between spike blast incidence and yield loss. We
suggest the use of blast incidence on spikes in field
trials for the assessment of genotype response to blast.
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