DAMAGE CAUSED BY Pyricularia oryzae TO WHEAT SEEDLINGS
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ABSTRACT

Pyricularia oryzae Triticum (PoT) is known to survive in wheat seeds and this condi-
tion favors its spread. There are, however, many gaps in knowledge regarding the
damage caused by this pathogen in relation to the establishment and health of wheat
seedlings. The objective of this study was to determine if there is a correlation be-
tween incidence of PoT in wheat seeds and variables associated with the establish-
ment and the health of the produced seedlings. Seven samples of wheat seeds natu-
rally infected with the pathogen were used. The incidence of PoT in each of the seed
samples was determined via the Blotter test, indicating a variation from 0 to 80.5%.
The seeds of each sample were sown in 500 mL plastic pots containing autoclaved
sand and the seedlings produced were evaluated in relation to the following aspects;
emergency, height, lesions in different segments, mortality, abnormalities and trans-
missibility of the pathogen. The study demonstrated that there is a correlation be-
tween incidence of PoT in wheat seeds and the following variables related to the
seedlings produced; height at 7 days after sowing (DAS), incidence and severity of
symptoms at 7, 14 and 21 DAS, and mortality at 14 and 21 DAS. The results con-
firmed that the establishment and sanity of wheat seedlings directly depend on inci-
dence of PoT in the seeds.
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DANOS CAUSADOS POR Pyricularia oryzae A PLANTULAS DE TRIGO

RESUMO
Sabe-se que Pyricularia oryzae Triticum (PoT) sobrevive em sementes de trigo e
esta condigdo favorece sua propagacao. Existem, no entanto, muitas lacunas no
conhecimento a respeito dos danos causados por esse patdogeno em relagdo ao
estabelecimento e sanidade de plantulas de trigo. O objetivo deste estudo foi
verificar se existe correlagdo entre a incidéncia de PoT em sementes de trigo e
variaveis associadas ao estabelecimento e a sanidade das plantulas produzidas.
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Foram utilizadas sete amostras de sementes de trigo naturalmente infectadas com o
patogeno. A incidéncia de PoT em cada uma das amostras de sementes foi
determinada através do teste Blotter, indicando uma variagdao de 0 a 80,5%. As
sementes de cada amostra foram semeadas em vasos plasticos de 500 mL
contendo areia autoclavada e as plantulas produzidas foram avaliadas quanto aos
seguintes aspectos; emergéncia, altura, lesbes em diferentes segmentos,
mortalidade, anormalidades e transmissibilidade do patégeno. O estudo demonstrou
que existe correlagao entre a incidéncia de PoT em sementes de trigo e as seguintes
variaveis relacionadas as plantulas produzidas; altura aos 7 dias apds a semeadura
(DAS), incidéncia e gravidade dos sintomas aos 7, 14 e 21 DAS e mortalidade aos
14 e 21 DAS. Os resultados confirmaram que o estabelecimento e a sanidade das
plantulas de trigo dependem diretamente da incidéncia de PoT nas sementes.
PALAVRAS-CHAVE: Brusone do trigo, fonte de indculo, transmissibilidade do
patégeno.

INTRODUCTION

Currently, blast control is considered one of the main phytosanitary challenges
to wheat production in the world. Wheat blast is a disease caused by the Triticum
pathotype of the fungus Pyricularia oryzae Cavara (PoT) (synonym Magnaporthe
oryzae B. C. Couch) (COUCH; KOHN, 2002). The most common wheat blast symp-
tom, the bleaching of heads, is caused by the infection of the fungus in the rachis,
which causes interruption of photoassimilate transport, affecting grain filling, making
them small, wrinkled and with low specific weight (GOULART et al., 2007). Besides
its economic relevance, PoT belongs to a fungal species that also serves as one of
the main model organisms for the study of plant-pathogen molecular interactions,
which has substantially accelerated the understanding of its biology, host range de-
terminants and infection cycle (BAUDIN et al., 2024). Advances derived from this
model system have further clarified specific pathogenicity determinants, such as the
ACE1 secondary metabolite gene cluster, recently confirmed as a key virulence fac-
tor of the wheat blast fungus (VY et al., 2024).

Although aerial dispersion of PoT spores plays a very relevant role in the de-
velopment of the disease, it is likely that the propagation of the pathogen through in-
fected seeds and grains (URASHIMA, 2007; URASHIMA et al., 2009; DANELLI et al.,
2019) has played the main role in its distribution in Brazil, South America and the
world. In this context, the first report of occurrence of PoT in Bangladesh and India
has been attributed to the export of infected wheat grains from Brazil (CRUZ; VA-
LENT, 2017). Furthermore, phylogenetic analyses of PoT isolates collected in Bang-
ladesh indicated genetic similarity with isolates that have caused epidemics in South
America (ISLAM et al., 2016). Recent evidence reinforces that seed infection remains
the primary route for long-distance dissemination of the pathogen, further amplifying
its epidemiological relevance (SUROVY et al., 2023). Studies on the evolutionary
origin of PoT have shown that the pathogen arose from recombination among host-
specialized lineages of Pyricularia oryzae, a process that also gave rise to a closely
related disease of ryegrasses, underscoring the dynamic and still ongoing adaptation
of this pathogen to new hosts (RAHNAMA et al., 2023). Nonetheless, more recent
field surveys conducted in Brazilian wheat-growing regions indicate that PoT isolates
from wheat and from grasses growing in or near wheat fields remain, for the most
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part, host-specialized, with only limited reciprocal cross-infection between these
hosts under natural conditions (ASCARI et al., 2024).

The transmission of PoT by wheat seed has already been studied by Goulart
and Paiva (1990). More recently, Gomes et al. (2018) carried out a very detailed
evaluation on the subject, having concluded that the rate of PoT transmission from
seed to seedlings, in experiments carried out under controlled conditions, is low. The
study carried out by Gomes et al. (2018) constitutes an important contribution to the
theme, however the lack of definition about the exact infection rate of PoT in the
seeds used in the experiments greatly limited the possibility of establishing more pre-
cise relationships between initial condition of the seeds, in relation to the pathogen
incidence, and consequences of its action, represented by the implications in terms
of emergence and sanity of seedlings. More recently, Martinez et al. (2021) also
traced the seed-to-seedling and seed-to-plant transmission pathway of PoT under
controlled conditions, confirming that infected seeds can give rise to symptomatic
seedlings and contribute to disease spread even when transmission rates are rela-
tively low.

Wheat blast has been described as one of the most serious emerging con-
straints to global food security (NIZOLLI et al., 2023), which reinforces the need to
deepen the genetic and genomic knowledge of the pathogen as a basis for more du-
rable resistance strategies (HOSSAIN, 2022). Recent progress in this direction in-
cludes the characterization of new sources of genetic resistance, such as the Rmg10
gene derived from Aegilops tauschii (YOSHIOKA et al., 2024a), the incorporation of
Rmg8 into near-isogenic wheat lines resistant at both seedling and heading stages
(YOSHIOKA et al., 2024b), the Rmg11 gene identified in tetraploid wheat (ISLAM et
al., 2024), and the finding that the powdery mildew resistance gene Pm4 also confers
resistance to wheat blast (O'HARA et al., 2024).

In Brazil, the 2NVS chromosomal translocation has been associated with in-
heritance of resistance to head blast (VANCINI et al., 2023), although its protective
effect is not absolute, since severity varies with the interaction between the wheat
genotype and the diversity of PoT isolates present in the field (SILVA et al., 2025c).
Phenotyping studies of the reaction and sporulation of wheat genotypes to PoT have
provided useful tools to support these breeding efforts (SILVA et al., 2025a).

According to Islam et al. (2016), understanding all aspects related to PoT sur-
vival is essential for establishing management strategies, and Valent et al. (2021)
state that more knowledge about the transmissibility of PoT through infected seeds
shall contribute to the definition of control strategies. However, we understand that
studies on transmissibility under controlled conditions should use seeds with broader
pathogen infection rates than those adopted in previous works (GOULART; PAIVA,
1990; GOMES et al., 2018), a condition that should allow more precise regression
equations relating the incidence of the pathogen in seeds to the response of the pro-
duced seedlings. The relevance of PoT as a seedborne threat has also been high-
lighted internationally, with the pathogen included among the emerging risks for
wheat-producing regions outside South America (I00S et al., 2025) and actively
monitored in the USDA Hard Winter Wheat regional nurseries in the United States,
where epidemics have not yet occurred (PEDLEY et al., 2025).

The objective of this study was to determine whether there is a correlation be-
tween incidence of PoT in wheat seeds and variables associated with establishment
and health of the produced seedlings.
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MATERIALS AND METHODS

The experiments were carried out in facilities such as incubation chamber
and plant pathology laboratory belonging to Embrapa Trigo, a unit of the Empresa
Brasileira de Pesquisa Agropecuaria (Embrapa), Passo Fundo, Rio Grande do Sul
(RS), Brazil. Samples containing 300 g of seeds from different wheat cultivars were
obtained from fields cultivated in 2019 in different municipalities in Brazil. They were
classified according to their origin (Table 1) as being from a) RS, samples A1, A2 and
A7; and b) Central Brazil, samples A3, A4, A5 and A6. We consider all samples as
“seeds”, even if the collections were carried out on lots of recently harvested grains
and without having been processed in accordance with Brazilian seed classification
standards.

The incidence of PoT in the seeds was determined using the blotter test
method (BRASIL, 2009). The seeds were distributed in Gerbox-type acrylic boxes,
containing two sheets of blotting paper soaked in distilled and sterilized water. Two
hundred seeds taken at random from each sample were analyzed. The seeds were
distributed equidistantly, in number of 25 per box, and incubated in a controlled envi-
ronment (25 °C and photoperiod of 12 h light/12 h dark) for seven days. After this
period, they were observed individually with the aid of a stereomicroscope and an
optical microscope. Presence of PoT was confirmed based on occurrence of repro-
ductive structures typical of the pathogen on seeds, data which were transformed
into percentage incidence of the pathogen in each sample (BRASIL, 2009).

After that, 120 undisinfected seeds from each sample were sown in 500 mL
plastic pots containing sieved autoclaved sand (120 °C; 1 atm; 1 h) as substrate.
Twenty pots were used per sample, and each experimental unit (pot) received six
seeds. The experiments were conducted in a completely randomized design in a
controlled environment chamber with temperature and relative humidity ranging from
24 to 27 °C and from 65 to 75%, respectively. Fertilization was carried out ten days
after sowing (DAS) using 500 mL of nutrient solution (HOAGLAND; ARNON, 1950) in
a fertirrigation system.

The variables measured in the experiments were the following: a) seedling
emergence at 7 DAS; b) seedling height at 7, 14 and 21 DAS (measurements taken
from the soil surface in the pot to the extended tip of the tallest leaf); c) incidence of
blast symptoms in seedlings at 7, 14 and 21 DAS (obtained according to the fre-
quency of symptomatic coleoptile, caulicle or primary leaves); d) severity of lesions
on the roots, mesocotyls and primary leaves at 21 DAS (obtained through means of
visual estimation of the symptomatic area); e) percentage of dead plants at 14 and
21 DAS; f) percentage of abnormal seedlings at 14 DAS (obtained from those with
atrophied hypocotyl with a thick and short appearance, stunted main root and/or
twisted hypocotyl); g) rate of transmissibility of the pathogen through seed to seedling
at7, 14 and 21 DAS.

The transmissibility of PoT through seeds to wheat seedlings was obtained
according to Equation 1, described by Forcelini (1991), that is, by determining the
percentage ratio between symptomatic plants, that is, with incidence of lesions in the
aerial part, whether in coleoptiles, stems or primary leaves, in relation to the rates of
initial infection of the pathogen in the seeds.

Symptomatic seedlings % 100 (1)

Rate of transmissibility of the pathogen (%) = — - -
Initial seed infection
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TABLE 1 - Origin and cultivar of wheat seed samples collected and used in the
study.

Sample Wheat Cultivar Municipality Brazilian State
A1 Tbio Audaz Butia Rio Grande do Sul
A2 Thio Sossego Sao ngzaGonza- Rio Grande do Sul
A3 Tbio Sintonia Sao Gabiriel Goias
A4 Tbio Toruk Cristalina Goias
A5 BRS 404 Planaltina Distrito Federal
A6 Tbio Sintonia Cristalina Goias
A7 Tbio Toruk Girua Rio Grande do Sul

The data obtained were subjected to analysis of variance (ANOVA), and the
means were compared using Tukey’s test at a 5% significance level, with the aid of R
software (R CORE TEAM, 2020), following the statistical methodology adopted by
SANTANA et al. (2024) and SANTOS et al. (2024). The transmission rate variable
was analyzed using mixed-effects models for the intercept and factors.

Using Excel®, as done by RIVERA et al. (2024), the following statistical infor-
mation and/or data were obtained: trendlines, linear regression equations, and corre-
lation coefficients (r) between the incidence of PoT in wheat seeds and the variables
associated with the establishment and health of the resulting seedlings. The signifi-
cance of r was assessed using appropriate critical values from Student’s t-distribution
at significance levels of 0.01 and 0.05 (SCHABENBERGER; GOTWAY, 2005).

RESULTS AND DISCUSSION
The incidence of PoT in the samples collected in Rio Grande do Sul (A1, A2
and A7) ranged from 0 to 13%, and from 22.8 to 80.5% in the samples collectedin
Central Brazil (A3, A4, A5 and AG6; Distrito Federal and Goias) (Table 1).There was a
difference between the samples in relation to all the variables evaluated in the study
(Table 2).

TABLE 2 - Rate of emergence, height, incidence and severity of symptoms, mortali-
ty, abnormality and transmissibility in seedlings produced from wheat seeds infected
with Pyricularia oryzae Triticum.

Samples
Variable Mean  CV (%)
A1 A2 A3 A4 A5 A6 A7
P 1
Incidence of PoT 80 135 225 325 470 805 00 29.2
in the seeds (%)
E(’J/l‘jrgence DAS? 7 747¢* 857b 954a 857b 851b 545d 97.7a 82.7 12.0
7 104 a 1;:‘ 127b 12.3b 1&8 36d 156a 11.0 17.0
Seedlings 19.2
height DAS 14 210b 179c 180c 17.5c ' ° 159d 247a 19.2 10.0
(cm) 26.3
21 256c “o° 280b 275b 31.5a 201d 310a 27.1 12.0
7 12cd 05d 19c 49b 55b 107a 0.0d 35 12.0
Symptoms
incidence ~ DAS 14 1.8de 41d 109c 153b 185b 274a 00f 11.1 9.0
%
(%) 21 42f 97e 153d 263c 37.3b 734a 00g 23.7 25.0
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Root 55cd 7.0c 11.0c 180b 255a 315a 0.0d 13.6 9.5

Severity Organ Mesocotyl  160c 165c 17.0c 180c 285b 565a 0.0d 218 10.1
(%)
Primary leaf  65ef 120 160 205 o551 910a  00f 245 56
de cd bc
Mortality DA 14 15¢ 30b 15c 28b 17c 54a 00d 2.8 8.3
(%) 21 192b 154c 138c 206b 138c 482a 4.8d 20.7 6.1
Abnormal
seedlings  DAS 14 06b 26a 11b 11b 26a 29a 04b 1.61 4.4
(%)
7 150a 35d 89c 150a 1;(':7 133b - 9.6 45
Transmis-
sibiity (%) DAS 14 228d 305c 483a 47.1a 394b 340bc - 317 10.2
21 529f 717d 67.8e 80.8b 793c 912a - 63.4 12.1

'PoT, Pyricularia oryzae Triticum;

2DAS, days after sowing;

3Means not followed by the same letter, in the line, differ statistically from each other using
Tukey's test at 0.05 probability.

The seedling emergence rate ranged from 54.5 to 97.7% (Table 2).There was
a difference between the samples regarding this variable with the formation of four
statistical groups. The highest seedling emergence rate was observed in the sample
A7 (initial incidence of PoT was 0.0%), although there was no statistical difference
between this sample and A3.

The sample with the lowest emergence rate was A6. The height of seedlings
in sample A7 was classified into groups of greater height in the three evaluations car-
ried out during the experiment (Table 2). Sample A1 and A5 were classified into the
same groups as A7 at 7 and 21 DAS, respectively. The smallest height observed was
in the sample A6, and this condition was observed in the three evaluations per-
formed.

The incidence of symptoms was evaluated in coleoptiles, stems and primary
leaves (Table 2 and Fig. 1). In the three evaluations carried out, no symptoms were
observed in the sample A7. At 7 DAS, with the exception of A7, symptoms were al-
ready observed in the seedlings of all samples. On the other hand, the sample A6
was the one that presented the highest PoT occurrence in the three evaluations. With
the exception of sample A7, the incidence of symptoms in seedlings increased
throughout the evaluations in all samples with positive PoT infection. The evaluation
of the severity of symptoms on the roots, mesocotyls and primary leaves of the seed-
lings at 21 DAS (Table 2) was done with the seedlings having been carefully extract-
ed from the pots with sand and washed in running water. These circumstances al-
lowed the symptoms to be evaluated more easily, estimating severity with greater
precision. There was a difference in relation to this variable between the samples in
the three types of seedling segments, but with no symptoms in sample A7. Among
the three evaluated plant segments, it was in the roots that the symptoms were least
developed.

At 14 DAS, no dead plant was found in sample A7 and the highest percentage
of mortality occurred in sample A6 (5.4%) (Table 2). At 21 DAS, the highest mortality
rate was also observed in the A6 sample (48.2%) and 4.8% mortality rate was also
observed in the A7 seedlings. There was an increase in the mortality rate of all sam-
ples between the two evaluations performed. Furthermore, with the exception of
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sample A7 (with 0% incidence of PoT detected in the blotter test), at 21 DAS, all mor-
tality rates observed in the samples were relatively high, with rates above 13%.

As for the occurrence of abnormal seedlings (Table 2), the highest rate at 14
DAS was observed in the AG, with 2.9%, however, this did not differ statistically from
samples A2 and A5. The lowest percentage of abnormal seedlings was 0.6% in the
sample A1, which did not differ statistically from the A7. Compared with the other var-
iables evaluated in the experiments, the occurrence of abnormal seedlings was one
that presented the lowest absolute values, regardless of the incidence of PoT detect-
ed in the blotter test.

FIGURE 1 — Symptoms observed on wheat seedlings 14 days after sowing: A) Ellip-
tical lesion caused by Pyricularia oryzae Triticum on the primary leaf of the wheat
seedling; B) Lesion observed on the stem of a wheat seedling; C) Necrosis on the
wheat seedling; D) Characteristic leion in wheat seedling.

e : \ | \ \ 7 ~

As there was no incidence of symptoms in the seedlings of the A7 sample,
there was also no transmissibility in the seedlings of these samples. At 7 DAS, the
difference between samples was relatively low, ranging from 3.5 to 15.0% (Table 2).
In this evaluation, the samples A1, A4 and A6 presented higher transmissibility rates
than the other samples. The lowest transmissibility rate was observed in the A2,
which was 3.5%. There was a significant increase in the values of this variable
throughout the evaluations, with means increasing from 11.3 to 37.0% and then to
63.4% at 7, 14 and 21 DAS, respectively. The values presented by the sample A6
demonstrate this evolution of transmissibility quite well throughout the evaluations,
going from 13.3 to 34.0% and then to 91.2%, at 7, 14 and 21 DAS, respectively. It
was found that, even in the sample A6, with an incidence of PoT of 80.5% in the
seeds, there was no transmissibility of the pathogen to 100% of the seedlings, even
though the highest percentage of dead seedlings was registered in this sample.

The symptoms observed in the seedlings were in accordance with what is re-
ported in the literature (Fig. 1; Urashima et al., 2009; Maciel et al., 2014). In the le-
sions of the primary leaves, the main symptoms were spots, generally elliptical or
rounded, with a dark brown margin and grayish center. In the mesocotyl region, there
was also an incidence of very characteristic elliptical spots. In the roots, it was ob-
served that they became dark and necrotic.

No correlation was observed between the incidence of PoT in the seeds and
emergence at 7 DAS, as well as in relation to seedling height at 14 and 21 DAS,
seedling abnormality at 14 DAS, and the transmissibility of the pathogen at 7, 14 and
21 DAS (Table 3). On the other hand, a correlation was found between the incidence
of PoT in the seeds and the following variables: seedling height at 7 DAS, r = -
0.8530; incidence of symptoms at 7, 14, and 21 DAS, r = 0.9831, 0.9793, and

0.9962, respectively; symptom severity at 7, 14, and 21 DAS, r = 0.9731, 0.9585, and
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0.9446, respectively; and mortality at 14 and 21 DAS, r = 0.8147 and 0.8459, respec-
tively. Among the correlations with the incidence of PoT in the seeds, it is important
to highlight those that were established with the variables in which the incidence and
severity of symptoms were evaluated, which had levels of statistical probability great-
er than 0.99 (Fig. 2).

TABLE 3 - Correlation analysis between Pyricularia oryzae Triticum infection rate in
the wheat seeds samples and the variable associated with establishment and sanity
of seedlings.

Linear correla-

tion Significance of r

H a 2
Variable coefficient (r) (p-Value)
Emergence (%) DAS! 7 -0.7465 ns

7 -0.8530 <0.05
Seedling
height (cm) DAS 14 -0.7207 ns
21 -0.5627 ns
7 0.9831 <0.01
Symptom DAS 14 0.9793 <0.01
incidence (%)
21 0.9962 <0.01
Root 0.9731 <0.01
Severity (%) Organ Mesocotyl 0.9585 <0.01
Primary leaf 0.9446 <0.01
) 14 0.8147 <0.05
Mortality (%) DAS
21 0.8459 <0.05
Abnormal
plants (%) DAS 14 0.7295 ns
7 0.5276 ns
Transmissibility (%) DAS 14 0.4826 ns
21 0.7324 ns

'DAS, days after sowing;
2Level of statistical significance of r according to the critical value in the
Studentt distribution; ns, not significant.
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FIGURE 2 - Linear correlation between incidence of Pyricularia oryzae Triticum in
wheat seeds and incidence and severity of symptoms on seedlings.

100

90 | ®

Symptom incidence at 7 DAS2
i y = 0.1358x - 0.4296
80 r= 0.9831

O Symptom incidence at 14 DAS
y = 0.3546 x + 0.8097
r= 0.9793

70 -+

+ Severity on roots
y = 0.403x + 2.3276
r=0.9731
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y = 0.9185 x - 3.0249

20 A r = 0.9962
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Incidence of Pyricularia oryzae Triticum in the seeds?

'All correlations were confirmed at 0.01 probability.
2Severity scored at 21 days after sowing (DAS).

The confirmation of the correlation between the incidence of PoT in wheat
seeds in nine of the 16 variables evaluated in the present study (Table 3) provides
very consistent evidence of the existence of a quantitative pattern of reactions or re-
sponses in seedlings that is proportional to the infection rate of this pathogen in
seeds. This response pattern, confirmed by linear equations with 0.95 and/or 0.99 of
statistical probability, has considerable potential to be used in studies aimed at pro-
jecting or forecasting damage caused by wheat blast in fields sown with seeds in-
fected with PoT.

The fact that the results were obtained from a set of seed samples with a wide
incidence rate of the pathogen (0.0 to 80.5%) increases the possibilities of precision
and assertiveness in the results obtained and equations established, considering that
similar works carried out previously made use of seed samples with a maximum of
40% infection rate with PoT (GOMES et al., 2018). This is consistent with recent find-
ings that the amount of initial inoculum strongly influences the temporal and spatial
dynamics of wheat blast epidemics, reinforcing the importance of using seed sam-
ples with wide-ranging infection levels to build more robust predictive models (GON-
GORA-CANUL et al., 2024). This pattern has also been confirmed across successive
wheat growing cycles, in which the temporal progress of wheat blast epidemics was
shown to be strongly dependent on the initial inoculum load, further supporting the
relevance of assessing seed infection across a broad range of incidence levels, as
performed in the present study (DORIGAN et al., 2024).

Predictive approaches of this nature have already been consolidated for wheat
blast, either through weather-based logistic models capable of anticipating the occur-
rence of head blast outbreaks (DE COL et al., 2024) or through critical-point models
that relate disease incidence and severity to yield losses under field conditions
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(SANTOS et al., 2023), which reinforces the usefulness of quantitative relationships
such as those established in the present study.

It was confirmed that the PoT infection in the seeds promoted harmful effects on
the establishment and health of the seedlings. Such effects caused damage to the
seedlings, which were represented by the reduction of emergence and height, le-
sions in different segments, mortality, abnormalities and transmissibility of the patho-
gen.

The confirmation that these effects were actually caused by PoT infecting the
seeds is based on the comparison of the mean values recorded for sample A7, which
did not have PoT infection, in relation to the values observed in the other samples.
However, there were some exceptions in which some samples showed performance
similar to A7 in relation to the variables evaluated in the experiments. It is possible to
list some examples that this may have actually occurred, highlighting the following
cases: incidence of symptoms at 7 DAS, A1 and A2; percentage of dead seedlings at
21 DAS, A2 and AS3; percentage of abnormal seedlings at 14 DAS, A1, A3 and A4;
severity on the roots at 21 DAS, A1; severity on primary leaves at 21 DAS, A1.

Observing this list of situations, it appears that the predominant samples in
terms of performance similar to sample A7 are A1 and A2, which had the lowest rates
of PoT infection. This condition, possibly, was decisive for less damage to the seed-
lings, to the point of enabling some kind of balance or resemblance between the ef-
fects caused by the PoT infection in the samples A1 and A2 in relation to the obser-
vations collected in the sample A7.

The effect caused by the incidence of PoT in the wheat seeds in relation to the
seedling abnormality variable was somewhat different from that described above for
the other variables. This situation was more evident in the sample A2 which, although
it had a relatively low incidence rate of PoT (13.5%), had an abnormality rate that
was statistically equal to the samples with the highest incidence rates of the fungus
(A5 and AB). It is possible to speculate two possible causes for this effect: a) The fact
that it is a variable whose all sample means showed little variation (0.4 to 2.9%), a
condition that produces limitations to differentiate them from each other, and b) the
occurrence of abnormalities in the seedlings may not be a dependent effect or asso-
ciated with the presence of PoT in the seeds.

It was not possible to use samples from a single cultivar in conducting the ex-
periments due to the unavailability of seed samples from a single cultivar naturally
infected by PoT and with variations in the pathogen infection rates equal to or similar
to those of the samples evaluated in the study (ranging from 0.0 to 80.5%). We priori-
tized carrying out the study using seeds naturally infected with the pathogen because
we understand that this approach is the closest to the reality faced by wheat produc-
ers in Brazil. We also understand that it is very difficult to even speculate whether or
how much the “cultivar” factor may have influenced the results obtained in the study.
However, we understand that the correlation observed between the incidence of PoT
in the seeds and nine of the evaluated variables represents an important indication
that the response pattern in seedlings is strongly associated with the pathogen infec-
tion rates in seeds, regardless of the cultivar to which the seeds belonged.

Currently, the tolerance for PoT infection in wheat seeds certified in Brazil is
10% (ABRATES, 1992; GOULART, 1995). It is possible to speculate a connection
between this level of tolerance and the results obtained in the present study, particu-
larly those from samples A1 and A2, with infection rates of 8.0% and 13.5%, respec-
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tively. In this context, it is important to associate this condition with the work of Gou-
lart and Paiva (1990), who efficiently controlled the action of PoT in wheat seeds with
infection rates of up to 21% by treating the seeds with fungicides.

More recent studies have shown that fungicide systemicity and application tim-
ing strongly affect blast control efficacy (SILVA et al., 2025b), while comparative
evaluations of DMI, Qol and SDHI fungicides have revealed differential, and in some
populations reduced, sensitivity of PoT to these active ingredients (CAZON et al.,
2023). Molecular tools for detecting PoT in seed lots have also advanced, offering
faster and more sensitive alternatives to the traditional blotter test (I00S, 2022), in-
cluding specific qPCR and LAMP-based assays (lkeda et al., 2024). Alternative
strategies for managing PoT in seeds have likewise been explored, such as seed-
endophytic Bacillus strains (SUROVY et al., 2024), antimicrobial compounds such as
bonactin and feigrisolide C (RABBY et al., 2022) and daylight-driven rechargeable
TiO2 nanocatalysts (MAHMUD et al., 2022), which may represent complementary
tools for reducing PoT inoculum in seed lots where fungicide efficacy is limited.

CONCLUSION
There is a correlation between the incidence of PoT in wheat seeds and the
following variables related to seedlings; height at 7 DAS, incidence and severity of
symptoms at 7, 14, and 21 DAS, and mortality at 14 and 21 DAS.
PoT transmissibility from infected seeds to seedlings increased over time,
whereas PoT incidence in seeds was not correlated with emergence, plant height at
14 and 21 DAS, abnormalities, or pathogen transmissibility.
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