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RESEARCH NOTE

Efficiency of Blotter test and agar culture medium to detect Fusarium
graminearum and Pyricularia grisea in wheat seeds!’

Meyriele Pires de Camargo®’, Maria Heloisa Duarte de Moraes?,
José Otavio Machado Menten?

ABSTRACT - Seeds can be considered one of the most efficient forms to disseminate pathogens. Therefore, the use of healthy
seeds is extremely important to establish a crop, and seed health testing must be performed to determine the seed sanitary quality.
This study aimed to compare the efficiency of seed health testing to detect Pyricularia grisea and Fusarium graminearum in three
samples of wheat seeds. Methods evaluated were Blotter test with freezing (BTF) and potato-dextrose-agar culture medium (PDA).
The incubation temperatures were 20 °C and 25 °C. From each sample, a subsample was submitted to seed asepsis using hypochlorite
solution (1%) and another analyzed without seed asepsis. The temperatures evaluated did not influence the detection of the pathogens.
P, grisea incidence ranged from 4.5 to 17% with BTF without seed asepsis. The BTF with seed asepsis and PDA (with and without
seed asepsis) presented pathogen incidence no higher than 1.5%. Moreover, results suggested that most part of P. grisea inoculum
was presented externally on seed tissues. PDA medium was more efficient to detect £ graminearum, independently of seed asepsis.
By this method, pathogen incidence ranged from 3 to 39%. F. graminearum incidence using BTF with seed asepsis varied from 0.5 to
1.5% and BTF without seed asepsis presented a pathogen incidence of 5.0 to 12.5%. The Blotter test with freezing was more efficient
to detect P, grisea while the PDA medium was more efficient to detect £ graminearum.

Index terms: Triticum aestivum, detection methods, seed pathology.

Eficiéncia do método do papel de filtro e do meio de cultura agarizado na
detec¢do de Fusarium graminearum e Pyricularia grisea em sementes de trigo

RESUMO - Sementes podem ser consideradas como uma das formas mais eficientes na disseminag@o de patdgenos. Portanto, o
uso de sementes sadias ¢ de extrema importancia para o estabelecimento de uma cultura e testes de sanidade devem ser realizados
para determinar a sua qualidade sanitaria. O presente trabalho teve como objetivo comparar a eficiéncia de métodos de sanidade
na deteccdo de Pyricularia grisea e Fusarium graminearum em trés amostras de sementes de trigo. Os métodos avaliados foram
o papel de filtro com congelamento (PFC) e o meio de cultura batata-dextrose-agar (BDA). As temperaturas de incubacao foram
20 °C e 25 °C. De cada amostra, uma submostra foi submetida a assepsia de sementes usando solugao de hipoclorito (1%) e outra
analisada sem assepsia. As temperaturas analisadas ndo influenciaram na detec¢do dos patégenos. A incidéncia de P. grisea
variou de 4,5 a 17% no método PFC sem assepsia das sementes. O PFC com assepsia e 0 BDA (com e sem assepsia) apresentou
incidéncia do patoégeno inferior a 1,5%. Além disso, os resultados sugeriram que a maior parte do inoculo de P. grisea estava
presente externamente aos tecidos da semente. O meio BDA foi mais eficiente na detecgdo de F. graminearum, independentemente
da assepsia das sementes. Por esse método, a incidéncia do patdgeno variou de 3 a 39%. A incidéncia de F. graminearum pelo PFC
com assepsia variou de 0,5 a 1,5% e o PFC sem assepsia apresentou incidéncia do patogeno de 5 a 12,5%. O papel de filtro com
congelamento foi mais eficiente na detec¢o de P. grisea enquanto o meio BDA foi mais eficiente na deteccdo de F. graminearum.

Termos para indexagao: Triticum aestivum, métodos de detecgao, patologia de sementes.
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Introduction

Wheat (Triticum aestivum L.) is one of the most important
cereals for human consumption in the world, as well as in
Brazil. Wheat production is concentrated in the southern
region of Brazil, especially because the suitable climatic
conditions for cultivation. The Brazilian production in 2016
was 6,726.8 tons and the cultivated area was 2,118.4 ha.
The intern consumption of wheat in 2016 was estimated in
11,317.7 tons. Therefore, Brazil is not self-sufficient in wheat
production and the country imports about five to seven million
tons of wheat every year (CONAB, 2017).

The occurrence of diseases is one of the causes to
limit higher yields in wheat production. Gibberella zeae
is the causal agent of Fusarium head blight (FHB), one of
the most serious disease in wheat and other winter cereals.
Fusarium graminearum is the predominant species of FHB
(Wiese, 1991; Osborne and Stein, 2007; Reis and Casa, 2007,
2016). The disease reduces the quantity and the quality of
the production. When the pathogen is associated with grains
or seeds, mycotoxins can be produced, which are toxic for
humans and animals (Neergaard, 1979; McMullen et al.,
2012; Dweba et al., 2017). In addition, infected seeds are
source of inoculum to Fusarium foot rot (Wiese, 1991; Reis
and Casa, 2007, 2016). Wheat blast caused by Magnaporthe
grisea (Pyricularia grisea) was first reported in Brazil in
1985 (Igarashi et al., 1986) and is another devastating wheat
disease. The fungus infects mainly spikes and is common its
occurrence in combination with Fusarium species. In addition
to infection on spikes, leaf lesions may also occur under hot
and humid conditions (Kohli etal., 2011; Saharan et al., 2016).

F. graminearum and P. grisea are necrotrophic pathogens
and survives saprophytically on residues of corn, other host
plant species and on seeds. P. grisea and Fusarium spp.
are described colonizing all seed parts, including embryo,
endosperm, perisperm, seed coat and pericarp (Agarwal
and Sinclair, 1987). According to Bechtel et al. (1985) F
graminearum was most prevalent in aleurone and pericarp
tissues. For P. grisea, the predominance of internal infection
on seed tissues by dormant mycelium was suggested (Goulart
and Paiva, 1993). Through seeds, microorganisms can be
transported for long distances and easily introduced into new
areas (Nasser, 1987). The incidence of F. graminearum on
seeds was quantified in many studies (Telles Neto et al., 2007;
Kabeere et al., 1997; Garcia Junior et al., 2008; Kobayasti and
Pires, 2011) and could be up to 48% (Kabeere et al., 1997;
Danelli et al., 2012). For P. grisea, the pathogen incidence
was also measured in different studies, and most of them
reported incidences about 6 to 18% (Goulart and Paiva, 1991;

Goulart and Paiva, 1993). However, pathogen incidences of
63% on seeds were also verified (Kobayasti and Pires, 2011).
Management of FHB and wheat blast include the use of
healthy seeds, crop rotation, anticipated sowing, and chemical
control applied on over aerial parts or by seed treatment (Reis
and Casa, 2007, 2016).

The use of healthy seeds are essential for preventing
diseases and seed health testing must be performed to determine
the sanitary quality of seeds. Besides the identification
and quantification of pathogens, seed health tests provide
information to determine the sanitary quality of storage seeds,
and the requirement and efficiency of seed treatment (Lucca
Filho, 1987). According to the Manual of Sanitary Seed
Analysis (2009), methods usually recommended to detect
pathogens on seeds were Blotter test and agar culture medium.
The substrate used on Blotter test is filter paper moisten with
sterile distilled water (Lucca Filho, 1987). Usually, this
method is used for non-disinfested seeds and the technique
of freezing is applied for monocotyledons crops to reduce
seed germination process. Seeds were examined individually
by the presence of typical structures of the pathogens using
a stereoscopic microscope (Brasil, 2009). Some advantages
of this technique are the detection of various fungi carried
by seeds at the same time, easiness of installation and low
cost (Lucca Filho, 1987; Neergaard, 1979; Machado et al.,
2002; Mathur and Kongsdal, 2003; Brasil, 2009). Agar
culture medium is routinely used as an alternate method for
Blotter test. The agar medium is commonly used when the
Blotter test does not offer suitable conditions for growth and
for sporulation of fungi (Lucca Filho, 1987). Usually, seeds
were disinfested with a hypochlorite solution to avoid the
presence of saprophytic organisms. Pathogens are identified
based on the characteristics of the colonies, such as shape,
size and color (Brasil, 2009). Compared to the Blotter test,
disadvantages of this method included a higher cost and a
longer preparation time (Lucca Filho, 1987).

Blotter test with freezing and potato-dextrose-agar
medium are methods recommended by the Manual of Sanitary
Seed Analysis to detect pathogens in wheat seeds (Brasil,
2009) and are commonly used (Nasser, 1987; Goulart and
Paiva, 1992; Reis and Casa, 1998; Celano et al., 2012; Reis
et al., 1997; Luz, 2003; Casa et al., 2012). For both methods,
the incubation temperature recommended by the Manual of
Sanitary Seed Analysis is 20 + 2 °C (Brasil, 2009). However,
the incubation temperature recommended by other reference
books of seed pathology varies between 20 to 25 °C (Lucca
Filho, 1987; Neergaard, 1979; Machado et al., 2002; Mathur
and Kongsdal, 2003). Therefore, routine analysis to detect
seed-borne pathogens in wheat seeds commonly use different
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temperatures and detection methods, without an established
pattern. The temperature influences germination, growth,
reproduction, and other microorganism activities. Therefore,
determining the most appropriate incubation temperature is
essential to detect plant pathogens on seeds (Yorinori, 1987).
Besides, information about the efficiency of seed health
methods to detect different seed-borne pathogens are limited
on literature. This kind of information is important to
determine the sensibility of seed health methods and safely
detect pathogens. This study aimed to evaluate the efficiency
of Blotter test and agar culture medium to detect Fusarium
graminearum and Pyricularia grisea in wheat seeds.

Material and Methods

Three seed samples of wheat identified as 1, 2 and 3
were collected in the growing season of 2009. Samples 1 and
2 were collected from Taquarituba-SP and sample 3 from
Paranapanema-SP. To characterize samples, 400 seeds of each
sample were analyzed using the Blotter test with freezing,
according to recommendations of the Manual of Sanitary Seed
Analysis (Brasil, 2009). The characterization of samples was
conducted in October 2009 for samples 1 and 2, and in December
2009 for sample 3. The health test showed 27.0%, 46.2% and
44.0% of P, grisea for samples 1, 2 and 3, respectively; 44.2%,
21.5% and 21.8% of F graminearum for samples 1, 2, and 3,
respectively; and for all samples analyzed less than 6.0% of B.
sorokiniana and Bipolaris sp. was verified (Table 1). Samples
were storage in refrigerator conditions. Comparison between
seed health methods were conducted in April 2010. The methods
used to evaluate the incidence of F. graminearum and P. grisea
were Blotter test with freezing (BTF) and potato-dextrose-agar
culture medium (PDA). The incubation temperatures tested were
20 and 25 °C and seeds were evaluated with and without asepsis
with hypochlorite solution (1%).

The Blotter test with freezing was performed as described
by Brasil (2009). For treatments with asepsis, seeds were
immersed in sodium hypochlorite solution (1%) for 3 min.
Wheat seeds were placed into acrylic plates (25 seeds per
plate) and incubated in incubation chamber under 20 °C with
alternating 12 h period of darkness and fluorescent white
light, where they remained for 24 h. Thereafter, seeds were
transferred to -20 °C for 24 h, and after freezing, they were
incubated for 5 days at 20 °C and 25 °C, according to the
temperature evaluated and at the same conditions previously
described. For PDA, a potato broth (20% of potato, 2% of
dextrose, and 1.5% of agar) was autoclaved and added into
acrylic plates. For treatments with seed asepsis, wheat seeds
were immersed in sodium hypochlorite solution (1%) for 3

min. Ten wheat seeds were added into each plate and incubated
in incubation chamber for 7 days with alternating 12 h period
of darkness and fluorescent light at 20 °C and 25 °C according
to the temperature evaluated.

Treatments were evaluated on the 7" day after the test
installation, for both methods. Initial seed examination was
performed based on the characteristics of colonies for each
fungus for PDA method. To evaluate the BTF method, seeds
were examined with stereoscopic microscope (Brasil, 2009).
The pathogens identification was based on their morphological
characteristics (Barnett and Hunter 1998; Alexopoulos et al.
1996; Brasil, 2009). In case of doubts, slides were prepared to
be observed in an optical microscope for both methods.

The experimental design was completely randomized with
four replications of 50 seeds. Mean values were compared by
Tukey test at 5% of significance, using the program Sisvar
(Ferreira, 2011). The data were processed using square root
of x +0.5.

Results and Discussion

Comparing the seed analysis performed to characterize
the sanitary quality of seed samples (Table 1) and the analysis
performed to evaluate the health seed methods (Table 2,
Table 3) it was verified reduction on incidence of P. grisea
and F. graminearum over the storage period. The seed storage
period could interfere on the percentage of seed infection and
pathogen incidence tends to decrease with longer storage
periods. Survival of seed-borne pathogens also depends on
the amount of inoculum, location of inoculum, and type of
survival propagule (Agarwal and Sinclair, 1987). P. grisea
and F. graminearum invade seeds before harvest, when the
crop is still in the field, and because of this they are classified
as field fungi. Conditions of temperature and humidity
interferes on the survival of field fungi during the storage
period (Wetzel, 1987). In addition to Pyricularia grisea and
Fusarium graminearum, Aspergillus sp., Penicillium sp.,
Bipolaris sorokiniana, Bipolaris sp. and Alternaria alternata

Table 1. Initial characterization of fungi incidence (%) on
three samples of wheat seeds using the Blotter test
with freezing without seed asepsis and incubation
temperature of 20 °C.

Fungus Sample 1 Sample 2 Sample 3
Pyricularia grisea 27.0 46.2 44.0
Fusarium graminearum 44.2 21.5 21.8
Bipolaris sorokiniana 6.0 0.5 1.8
Bipolaris sp. 2.0 2.0 0.0
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Table 2. Incidence (%) of Pyricularia grisea in three  Table 3. Incidence (%) of Fusarium graminearum in three
samples of wheat seeds using the Blotter test samples of wheat seeds using the Blotter test
with freezing (BTF) and the potato-dextrose-agar with freezing (BTF) and the potato-dextrose-agar
medium (PDA), with seed asepsis (A) and without medium (PDA), with seed asepsis (A) and without
seed asepsis (WA), incubated at 20 °C and 25 °C. seed asepsis (WA), incubated at 20 °C and 25 °C.

Treatments Sample 1 Sample 2 Sample 3 Treatments Sample 1 Sample 2 Sample 3
BTF A 20 °C 0.50a" 1.00 ab 1.50 a BTF A 20 °C 0.50a" 1.50 a 0.50 a
BTF A 25 °C 0.50 a 0.50 ab 0.50 a BTF A 25 °C 0.50 a 1.00 a 1.00 ab
BTF WA 20 °C 8.00 ¢ 4.50 be 17.00 b BTF WA 20 °C 12.50 b 8.50 be 5.00 be
BTF WA 25 °C 4.50 be 5.00c 11.50b BTF WA 25 °C 6.50 b 5.00 ab 6.00 ¢
PDA A 20°C 0.00 a 0.50 ab 0.00 a PDA A 20°C 35.00c 14.00 bed 4.00 abc
PDA A25°C 0.50 a 0.00 a 0.50 a PDA A25°C 37.00 ¢ 16.00 cd 7.50 ¢
PDA WA 20 °C 1.50 ab 0.50 ab 1.00 a PDA WA 20 °C 39.00 ¢ 22.50d 3.00 abc
PDA WA 25 °C 1.00 ab 0.00 a 0.00 a PDA WA 25 °C 3250 ¢ 17.00 cd 7.50 ¢

CV (%) 38.99 44.97 33.65 CV (%) 14.28 22.08 27.32

*Means followed by the same letter in the column do not differ by Tukey
test (p<0.05).

were also detected on seed samples. Because these fungi were
observed at low incidence (less than 0.3%) and since they were
not the focus of this study, they were excluded from the analysis.

Nodifferences were verified to P. grisea and F. graminearum
incidence between the temperatures of 20 °C and 25 °C, for
both methods (Table 2 and Table 3). Gashaw et al. (2014)
verified higher values of mycelial growth of P. grisea at 30 °C,
but no statistic difference was verified at the temperatures of 20
°C and 25 °C. Hajano et al. (2013) observed significative lower
values of colony growth and sporulation of P. grisea at 20 °C
compared to 25 °C. Higher mycelial growth of F. graminearum
was observed at 25 °C in some studies (Hudec and Muchova,
2010; Neagu and Borda, 2013). Otherwise, a higher mycelial
growth of F. graminearum was verified at 20 °C compared
to 25 °C by Garcia et al. (2012). According to our results, the
temperatures of 20 °C and 25°C provided no differences in the
pathogen incidence and can be both used to detect P. grisea and
F. graminearum in wheat seeds.

A higher incidence of P. grisea (4.5 to 17.0%) was
detected through the BTF method, without seed asepsis, at
both temperatures. On the other hand, the BTF with seed
asepsis presented lower levels of pathogen incidence (0.5
to 1.0%), indicating that the highest percentage of inoculum
was presented on the outer surface of seeds and not within
seed tissues (Table 2). PDA method provided low levels of P.
grisea incidence (0.0 to 1.5%). Since slow-growing fungi are
easily hidden by others (Yorinori, 1987), it is suggested that
P grisea has a slower development compared to other fungi,
such as F. graminearum, and may be hampered by a faster
development of them.

The PDA culture medium was the most efficient method to

*Means followed by the same letter in the column do not differ by Tukey
test (p<0.05).

detect F. graminearum, independently of temperature and seed
asepsis (Table 3). For PDA, pathogen incidence ranged from
32.5 t0 39.0% in sample 1, 14.0 to 22.5% in sample 2, and 3.0
to 7.5% in sample 3. However, the use of PDA without asepsis
is not recommended, since many contaminating fungi may
develop (Lucca Filho, 1987). The pathogen incidence using the
BTF and seed asepsis varied from 0.5 to 1.5% while the BTF
without seed asepsis presented a pathogen incidence of 5.0 to
12.5%. Therefore, BTF presented a lower sensibility to detect £
graminearum compared to PDA medium. These results differed
from that obtained by Garcia Junior et al. (2008), in which
no significant differences were observed on F graminearum
incidence between semi-selective mediums and BTF.

The results obtained in the study showed that is not
always possible to safely detect all fungi in wheat seeds by the
same method. Celano et al. (2012) compared Blotter test with
freezing and Blotter test with water restriction and verified
the first one was more efficient to detect Drechslera tritici-
repentis, Fusarium graminearum and Alternaria alternata
while Pyricularia grisea was detected at a higher incidence
in Blotter test with water restriction. To detect Bipolaris
sorokiniana in wheat and barley seeds, Barba et al. (2002)
observed greater efficiency of the Blotter test with freezing
and Reis’ selective medium in comparison to other seed
health testing. On routine laboratories, it is desirable that
the same seed health method be capable to detect most part
of pathogens transported by seeds. Information about the
occurrence of diseases in the production field where seeds
were produced are essential to choose the most appropriate
seed health testing. When wheat blast and Fusarium head
blight occur simultaneously it is recommended to use Blotter
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test with freezing and PDA culture medium to detect P. grisea
and F. graminearum. Other methods more sophisticated could
also be used to detect both pathogens. Molecular techniques,
such as PCR may potentially facilitate the detection of seed-
borne pathogens. It is important to conduct comparative tests
between different detection methods to define the method with
greater sensibility and specificity to pathogens transmitted by
seeds. Moreover, limited information about the efficiency of
detection tests are available in the literature.

Conclusions

The results showed significant difference in the sensibility
of seed healthy methods to detected Pyricularia grisea and
Fusarium graminearum in wheat seeds. While the Blotter
test with freezing without seed asepsis was more efficient to
detect P. grisea, the PDA medium was more efficient to detect
FE graminearum.
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