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Damage of wheat blast on the productivity and quality of seeds as 
a function of the initial inoculum in the field1
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ABSTRACT - Information on damages caused by blast (Pyricularia oryzae) on wheat seed productivity is still scarce, especially 
studies on the effect of this on germination and vigor. This study aimed at evaluating blast damages on the productivity and quality 
of wheat seeds as a function of the initial inoculum in the field. Treatments were arranged in factorial 4x5: inoculations in four 
wheat genotypes (BRS 264, CD 116, CD 104 and VI  98053) with five doses of initial inoculum of P. oryzae (0, 5, 10, 20 and 30% 
of inoculated plants). The inoculation occurred in the stage of completely emerged spikes. The following determinations were 
made: incidence of blast in plants, dry matter mass of 100 plants, seed mass of 100 plants, productivity, germination, first count, 
germination speed index, dry mass of seedlings, hectolitric weight and incidence of P. oryzae in the seeds. There is a reduction in 
the productivity and physiological quality of the seeds of the genotypes due to the initial inoculum in the field. The transmission 
of P. oryzae occurs from the mother plant to the wheat seeds. In these genotypes, it is recommended not to use as seeds the ones 
coming from fields with blast incidence from 20% on in the plants, close to seed maturation.

Index terms: Triticum aestivum L., Pyricularia oryzae, germination, vigor, tolerance standards.

Danos da brusone do trigo na produtividade e na qualidade das 
sementes em função do inóculo inicial no campo

RESUMO - Informações sobre danos causados pela brusone (Pyricularia oryzae) na produtividade de sementes de trigo ainda 
são escassas, sobretudo estudos sobre o efeito desta na germinação e no vigor. Objetivou-se avaliar os danos da brusone na 
produtividade e na qualidade de sementes de trigo em função do inóculo inicial no campo. Os tratamentos foram arranjados 
em fatorial 4x5: inoculações em quatro genótipos de trigo (BRS 264, CD 116, CD 104 e VI 98053) com cinco doses de 
inóculo inicial de P. oryzae (0, 5, 10, 20 e 30% de plantas inoculadas). A inoculação ocorreu na fase de espigas completamente 
emergidas. Foram realizadas as seguintes determinações: incidência de brusone nas plantas, massa da matéria seca de 100 
plantas, massa de sementes de 100 plantas, produtividade, germinação, primeira contagem, IVG, massa seca de plântulas, peso 
hectolítrico e incidência de P. oryzae nas sementes. Há redução da produtividade e da qualidade fisiológica das sementes dos 
genótipos em função do inóculo inicial no campo. Ocorre a transmissão de P. oryzae da planta-mãe para sementes de trigo. 
Nesses genótipos, recomenda-se não utilizar como sementes, aquelas provenientes de campos de produção com incidência de 
brusone a partir de 20% nas plantas, próximo à maturação das sementes.

Termos para indexação: Triticum aestivum L., Pyricularia oryzae, germinação, vigor, padrões de tolerância.

Introduction

The cultivation of wheat in Brazil comprises the South, 
Southeast and Midwest regions, and in the last decades, the 
tropical regions of the country presented a great potential, with 
very promising results (Cargnin et al., 2009; Oliveira et al., 2011; 
Coelho et al., 2016). However, wheat production in Central Brazil 
has suffered significant losses caused by blast (Pyricularia oryzae 

Cavara), the latter becoming a limiting disease for the wheat 
expansion in this region (Goulart et al., 2007; Torres et al., 2009; 
Maciel et al., 2013; Rocha et al., 2014; Coelho et al., 2016).

Control measures for blast are still unsatisfactory, which 
characterizes it as difficult to control (Cruz et al., 2010; 2011; 
Rocha et al., 2014; Coelho et al., 2016). The use of resistance 
sources constitutes an important alternative, as a function of 
the low efficiency of the currently used fungicides (Cruz et 
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al., 2010; 2011; Silva et al., 2015).
The blast has shown high potential to cause reductions 

in wheat productivity in the tropical regions of the country. 
In Mato Grosso do Sul, Brazil, there is a record of losses in 
productivity of up to 74% (Goulart et al., 2007). In Minas 
Gerais, Brazil, fourteen wheat genotypes had a reduction in 
productivity as a function of the incidence of blast in two 
different sowing periods (Coelho et al., 2016). Researches 
claim that losses in wheat production caused by blast may 
vary and may reach up to 100% (Goulart et al., 1990; Goulart 
et al., 1992; Saharan et al., 2016).

In this context, several aspects of blast must be 
investigated, including the role of the seed in the pathogen 
dispersal (Goulart et al., 1995). In addition to the wind, the 
conidia of the fungus can also be efficiently dispersed through 
the seeds (Urashima et al., 2007; Debona et al., 2016). 
Infected wheat seeds may not have symptoms and they may 
constitute a source of primary inoculum of the disease in the 
field, generating epidemics by providing initial inoculum to 
new areas (Coelho et al., 2016), including for the fields of 
seed production, with serious consequences. Seed planting 
with P. oryzae was the probable cause for the dissemination 
of the fungus in wheat from Paraná to Mato Grosso do Sul 
(Urashima et al., 2007; Silva et al., 2009); and in triticale 
from Paraná to São Paulo (Medina et al., 2009). Furthermore, 
with regard to seed quality, the presence of the pathogen may 
be related to the low germination and low vigor. Studies on 
the effect of P. oryzae on germination are not well known 
(Urashima et al., 2009).

Since field inspections are performed based on the 
incidence of the disease in plants, the relation between the 
presence of blast in the field and the incidence of the pathogen 
in the seeds should be investigated (Cornélio et al., 2000). 
For this end, the establishment of tolerance standards of the 
pathogen in the field and in the seeds is essential. For P. oryzae, 
according to Machado (1994), in programs for certification of 
wheat seeds, the incidence of 5% for basic seeds and of 10% 
for certified seeds should be adopted. It is worth mentioning 
that this study was carried out more than one decade ago. 
Currently, for wheat and other crops, the tolerance standards 
or limits of this pathogen in the field and in the seeds are not 
present in the current legislation.

Based on this, this study aimed at evaluating blast 
damages on the productivity and quality of wheat seed as a 
function of different doses of initial inoculum in the field.

Material and Methods

The isolate of Pyricularia oryzae came from seeds of 

a wheat lot of the MGS Brilhante cultivar, produced in the 
municipality of Campos Altos, MG, Brazil. After the isolation 
from the seed, the fungus was placed in a PDA (potato, 
dextrose and agar) growth medium and maintained under a 
12 h photoperiod of fluorescent light at 26 oC. After obtaining 
the pure colony, a transplanting in oatmeal medium (60 
g of oatmeal, 12 g of agar in 1 L of water) was performed 
to provide better sporulation. The dishes were held at that 
temperature under ambient light regime for ten days. After 
this period, the superficial mycelium was removed and placed 
under constant fluorescent light at room temperature for four 
days to sporulate (Urashima et al., 2004). The isolate was 
inoculated in wheat seedlings to prove the pathogenicity, 
according to Koch’s postulates.

From the dishes that had sporulation of the fungus, the 
conidia were collected by adding distilled water to the dishes 
and the suspension was filtered with gauze. The obtained 
suspension was calibrated through a hematocitometer under 
optical microscope, having a concentration of 1.5x105spores. 
mL-1plus Tween 20 (0.01%) as a spreader.

The field experiment was carried out in Viçosa, MG, 
Brazil, at a location of 20º45’LS, 42º51’ W and, at an altitude 
of 651 m, in a Red-Yellow Argisol. The climate type is CWA, 
and the average relative humidity is 80%. The experimental 
area had no history of blast on previous wheat crops and on 
existing weeds.

The soil was prepared by means of a plowing and two 
harrowings. The fertilization of planting consists of the 
application of 250 kg.ha-1 of the formula 08-28-16 (NPK) in 
the sowing furrow and of 250 kg.ha-1 of ammonium sulfate as 
the source of N in coverage, in the beginning of the tillering. 
For control of weeds, the active ingredient Metsulfuron methyil 
(Ally®) was applied 15 days after the sowing at a dose of 5 g. 
ha-1of the commercial product. The cultivation was conducted 
under a conventional sprinkler irrigation system and the 
irrigation schedule was established according to the stage of 
development of the plants and the level of soil moisture.

The sowing was performed after the soil preparation, at 
a time appropriate for the cultivation of wheat in the region 
(first half of May 2012), at 19.5 oC and 83% relative humidity. 
The calculation of the sowing rate was conditioned to the seed 
weight, germination and seed quantity per meter of furrow, in 
order to obtain 350 seedlings per square meter.

Four wheat genotypes were used with the following 
blast resistance reactions: BRS 264 (susceptible control); 
CD 116 (moderately resistant control); VI 98053 and CD 
104 (without information on resistance to blast in the state 
of Minas Gerais, Brazil).

The experimental design was a randomized block design, 
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with three replications per treatment, totaling 60 lots. Each 
lot was composed of five lines of 5.0 m in length, with the 
lines being separated by 0.20 m. Among the lots in the same 
block the distance of 1.5 m was obeyed. For the purposes of 
useful area, the three central lines of the lot were considered, 
disregarding 30 cm at each end of the line.

The treatments were arranged in a 4x5 factorial scheme, 
i.e., inoculations in four wheat genotypes (BRS 264, VI 
98053, CD 116 and CD 104) and five inoculum doses of 
P. oryzae (inoculation of 0, 5, 10, 20 and 30% of plants of 
the experimental unit). The zero dose (without inoculation) 
corresponded to the application of water, then the chemical 
control based on pyraclostrobin + epoxiconazole (Opera®) 
was carried out.

The inoculations started when the plants entered the stage 
of completely emerged spikes, which corresponds to stages 
58-60 of (Zadoks et al.,1974) scale. Before inoculation, the 
plants were submitted to leaf and spike wetting by means 
of sprinkler irrigation for ten minutes. Due to differences 
in the genotype cycle, the inoculation was performed in 
echelon form. In order to obtain 0, 5, 10, 20 and 30% of 
plants inoculated in the experimental unit, they received 0; 
0.20; 0.35; 0.70 and 1L, respectively, of fungal suspension, 
applied by means of a 2 L sprayer with a pressure of 3.0 bar 
(43.5 psi), homogeneously, and the next day, moistened with 
water again. The application/inoculation schedule was always 
from 17 o’clock on, under similar conditions of temperature 
and relative humidity, without precipitation at the time of 
inoculation. The temperature and relative humidity conditions 
after the inoculation were recorded (Figure 1).

The final and representative incidence of blast was 
quantified 50 days after the inoculation of each genotype 
(last evaluation because it was close to the period of seed 
maturation), by counting the number of plants with signs or 
symptoms of P. oryzae.

The harvest was manual and performed according to the 
maturation of each genotype. The plants of the useful area 
were harvested close to the soil, collected and stored in a 
controlled environment. The plants with measured spikes 
were removed from the homogenized composite sample of 
each treatment and block (replication). These were husked in 
experimental thresher, with manual cleaning, aided by sieves 
for the removal of impurities. The drying of the cleaned seeds 
was performed at room temperature at approximately 13% 
humidity, after which they were packed in Kraft paper and 
stored at low temperature and humidity. Once the productivities 
were recorded, average seed samples were separated and 
sent to the seed analysis laboratory. The working sample and 
the seeds homogenization were performed with the aid of a 

sample divider. The following determinations were made:
Mass of 100 plants– by weighing100 plants mown close 

to the ground; and Seed mass of 100 spikes– determined by 
weighing seeds obtained from 100 spikes.

Seed productivity – quantified by weighing the total of 
seeds of each lot and converted to kg. ha-1.

Germination –four replications of 50 seeds were used, 
distributed on rolls of “germitest” paper, at 20 oC. The volume 
of water for imbibition was 2.5 times the mass of the substrate. 
The evaluations were performed four (first count) and eight 
days (final count) after assembling the test, according to the 
Rules for Seed Testing (Brasil, 2009).

First germination count (FGC) - the percentage of normal 
seedlings was recorded at the first germination test count.

Germination speed index (GSI) -conducted concomitantly 
to the germination test, determined by daily evaluations up 
to the fifteenth day after sowing. The GSI was calculated 
according to the formula of Maguire (1962), according to 
Nakagawa (1999).

Dry matter mass of the seedlings - obtained from four 
replications of 20 seeds distributed on three sheets of 
germitest paper, moistened with distilled water in the ratio 
of 2.5 times their weight, placed under the same conditions 
used in the germination test. The mass was determined after 
the caryopsis removal and oven drying at 70 °C for 24 hours 
and subsequent weighing of the normal seedlings found in the 
germination test (adapted from Nakagawa, 1999).

Hectolitric weight of the seeds - determined on a specific 
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Figure 1.	 Climatic conditions after the inoculation of the 
genotypes BRS 264, VI 98053, CD 116 and CD 104 
during the test in Viçosa-MG, Brazil.
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scale of the Dalle Molle brand, using the methodology 
proposed for the Rule for Seed Testing (Brasil, 2009).

Incidence of P. oryzae in the seeds - using the modified filter 
paper method, with freezing, according to Machado (1988), 
with four replications of 50 seeds. Three sheets of filter paper 
were distributed on plastic “gerbox” plates and moistened with 
distilled water. The plates were maintained in an incubation 
chamber at 25 °C, with photoperiod of 12 h. After 24 hours, 
the plates were transferred to a freezer at -20 °C for 24 hours. 
Subsequently, they were again maintained in the incubation 
chamber under the above described conditions for seven days. 
The evaluations were performed by examining the seeds using 
a stereoscopic and optical microscope, and the percentage of 
seeds with Pyricularia oryzae was recorded.

Regression analysis were performed with the aid of 
the SAS® software (Statistical Analysis System, version 
9.2) for the incidence data of P. oryzae in the plants. When 
necessary, the percentage results were transformed through 
the arcsin function (x/100)1/2 and submitted to the ANOVA 
by the F test, and the means were compared by the Tukey 
test at a 5% probability level. Correlation analyses (r) 
were performed with the aid of the SAS® software for the 
following characteristics: blast incidence in the plants, 
incidence of P. oryzae in the harvested seeds, severity in the 
spikes, germination, hectolitric weight and seed productivity.

Results and Discussion

High incidence of blast in the field occurred in all 
genotypes, obtained after the inoculation with the initial 
inoculum doses of P. oryzae (Figure 2). Higher incidences 
were observed when the highest doses of inoculum were 
applied (20 and 30%). At the lowest inoculum dose (5%), 
for genotypes VI 98053 and CD 104, incidences above 50% 
were obtained. These data are important for the cultivation 
and breeding programs of these genotypes, since they do not 
have information about the resistance to blast in the region. 
They are also of great concern due to the strict disease control 

requirements for the seed production fields.
For the mass of 100 plants and the seed mass of 100 

spikes there were no differences among the treatments.
The seed productivity reduced significantly for the 

cultivars BRS 264 and CD 104, from 10% of inoculated 
plants (Table 1). In the genotypes VI 98053 and CD 116 
there was a significant reduction in the dose of 20% of 
initial inoculum. When comparing the values observed in 
the control treatments (0% inoculation + fungicide) with the 
values of productivity found in the 20% inoculum dose (low 
productivities), the respective losses were observed: 1.577 
kg.ha-1(42%) for the cultivar BRS 264; 526 kg.ha-1(19%) for 
the lineage VI 98053; 1.331 kg.ha-1(34%) for the cultivar CD 
116; and 1.192 kg.ha-1(35%) for the cultivar CD 104. This 
reflects the damage that blast can cause when there is a high 
incidence of the disease.
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Figure 2.	 Incidence of blast on wheat genotypes as a function 
of the initial inoculum  dose of P. oryzae in the plants.
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Table 1.	 Productivity of seeds (kg.ha-1) harvested from wheat genotypes as a function of the initial inoculum dose of P. oryzae 
in the field.

 

Inoculated plants (%) 
Genotypes 

BRS 264 VI 98053 CD 116 CD 104 
0 3.733.3 aA   2.738.2 abB 3.952.1 aA 3.371.0 aAB 
5 3.639.2 aA 2.975.2 aA 3.578.6 aA 3.328.4 aA 

10   2.789.6 bAB   2.785.6 abB 3.464.8 aA 2.164.6 bB 
20 2.155.5 bA 2.212.7 bA 2.621.5 bA 2.178.6 bA 
30 2.184.0 bB   2.373.9 abB   3.331.6 abA 2.147.8 bB 

Means followed by the same lowercase letter in vertical or upper case in horizontal do not differ among themselves at a 5% probability by the Tukey test.
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In Dourados-MS, Brazil, in an area with natural presence of 
P. oryzae, there was variation of the wheat productivity caused by 
blast, according to the tested genotypes, with an average loss of 
12% (Goulart et al., 2007). Nevertheless, Urashima et al. (2009) 
reported that the incidence of the disease in the cultivar CD 104 did 
not result in a significant reduction of the productivity in the state 
of São Paulo, Brazil. The different responses must be associated 
to the different environmental conditions, mainly temperature 
and humidity, found in the different cultivation regions; to the 
differentiated levels of resistance of the genotypes; to the absence 
of control measures or the type of control employed, in the case 
of being chemical, still with low efficiency.

In the genotypes BRS 264, VI 98053 and CD 104, the 
germination was reduced, especially when harvested from 
treatments with 20 or 30% of initial inoculum (Table 2). 
Genotypes collected from the control treatments and the 
treatments with 5 and 10% of inoculum presented germination 
within the standard of production and commercialization of 
wheat seeds in Brazil, which is 70% for the basic seed category 
and 80% for the categories C1, C2, S1 and S2 (Brasil, 2013).

In the cultivar CD 104, the presence of the fungus significantly 
reduced the germination, according to the differences observed 
between the control dose (0%+fungicide) and the other doses 
of inoculum of the pathogen (Table 2). The cultivar CD 116 
showed satisfactory germination (above 70%), except at the dose 
of 20% of inoculum. The moderate resistance to blast may have 
positively influenced the seed germination of this cultivar, due to 
lower incidences of the disease in the field compared to the other 
genotypes (Figure 2). The genotypes VI 98053 and CD 104, 
which do not have information about the resistance to blast in the 
region, presented lower germination, however, within standard, 
when the doses of 5 and 10% of initial inoculum were used.

Urashima et al. (2009) also observed low germination (38%) 
of wheat seeds of the cultivar CD 104, which were associated 
with P. oryzae. These authors raise the hypothesis of the moment 
of infection of P. oryzae, since the presence of the fungus 
in the last stages of seed formation has a significant effect on 
germination, i.e., it can be affected because the pathogen may 
infect the tissues of the embryonic axis. According to Kobayasti 
and Pires (2011), the activity of pathogens acts as a reduction 
factor in the physiological performance of wheat seeds.

For the FGC, the same responses to the germination 
test were observed, i.e., a considerable reduction of normal 
seedlings from seeds harvested from the treatments with 
inoculations of 20 or 30% of plants, mainly (Table 3). This 
indicates a reduction in the vigor through this test, especially 
when the highest doses of inoculum are used in the field.

The vigor, analyzed by the germination speed index 
(GSI), was reduced for most of the treatments inoculated with 

the fungus, with differences starting from the lowest dose of 
initial inoculum (5%) (Table 4). Therefore, through this test, 
there was again the deleterious effect of the pathogen on the 
vigor of the seeds. Faiad et al. (1994), working with rice seeds, 
found that seeds infected with P. oryzae had a reduction in the 
emergence speed index.

Table 2.	 Germination (%) of seeds harvested from wheat 
genotypes as a function of the initial inoculum dose 
of P. oryzae in the field.

 Inoculated 
plants 
(%) 

Genotypes 

BRS 264 VI 98053 CD 116 CD 104 

0  74 bB1   81 aAB   81 bAB 89 aA 
5 90 aA   79 abB 91 aA 76 bB 

10 80 bB 69 bC 90 aA   72 bBC 
20 22 cB 66 bA 53 cA     6 cB 
30 16 cC 44 cB 74 bA     7 cC 

1Based on the arcsin (x/100)1/2transformation; Means followed by the same 
lowercase letter in vertical or upper case in horizontal do not differ among 
themselves at a 5% probability by the Tukey test.

Table 3.	 First germination count (% FGC) of seeds 
harvested from wheat genotypes as a function of 
the initial inoculum dose of P. oryzae in the field.

 Inoculated 
Plants 
(%) 

Genotypes 

BRS 264 VI 98053 CD 116 CD 104 

0  73 bB1 80 aB   81 bAB 89 aA 
5 90 aA   75 abB 91 aA 76 bB 
10 80 bB 67 bC   89 abA 70 bC 
20 11 cB 33 cA 37 dA      3 cB 
30 2.0 cB    9.0 dB 70 cA      1 cB 

1Based on the arcsin (x/100)1/2transformation; Means followed by the same 
lowercase letter in vertical or upper case in horizontal do not differ among 
themselves at a 5% probability by the Tukey test.

Table 4.	 Germination speed index (GSI) of seeds harvested 
from wheat genotypes as a function of the initial 
inoculum dose of P. oryzae in the field.

 Inoculated 
Plants 
(%) 

Genotypes 

BRS 264 VI 98053 CD 116 CD 104 

0 11.19 aA 10.21 aAB 9.66 aB 8.82 aB 
5   4.75 bB 5.77 cB   8.64 abA 5.24 bB 
10   3.26 cB   8.93 abA 7.88 bA 3.05 cB 
20   5.60 bB 8.43 bA 6.30 cB 2.22 cC 
30   0.51 dC 6.69 cB   8.73 abA 0.43 dC 

Means followed by the same lowercase letter in vertical or upper case in 
horizontal do not differ among themselves at a 5% probability by the Tukey test.
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Table 5.	 Dry matter mass of seedlings (mg.seedling-1) from 
wheat genotype seeds as a function of the initial 
inoculum dose of P. oryzae in the field.

 Inoculated 
plants 
(%) 

Genotypes 

BRS 264 VI 98053 CD 116 CD 104 

0   9.84 abA   9.00 aA 9.91 aA   9.34 aA 
5   9.88 abA   8.65 aA 9.41 aA 10.26 aA 

10 11.16 aA   9.69 aAB 7.25 aB   8.69 aAB 
20 7.56 bA   9.70 aA 3.00 bB   7.81 aA 
30   9.00 abA 11.55 aA 9.03 aA   8.67 aA 

Means followed by the same lowercase letter in vertical or upper case in 
horizontal do not differ among themselves at a 5% probability by the Tukey test.

Table 6.	 Hectolitric weight (kg.hL-1) of seeds harvested 
from wheat genotypes as a function of the initial 
inoculum dose of P. oryzae in the field.

 Inoculated 
plants 
(%) 

Genotypes 

BRS 264 VI 98053 CD 116 CD 104 

0 80.6 aA 83.1 aA 77.7 aA 80.1 aA 
5 81.0 aA 81.0 aA 70.9 aB 78.6 abAB 

10 75.6 abAB 83.1 aA 77.7aAB 71.65 abB 
20 68.2 bA 73.6 aA 72.7 aA 69.85 bA 
30 68.2 bA 73.8 aA 73.4 aA 68.95 bA 

Means followed by the same lowercase letter in vertical or upper case in 
horizontal do not differ among themselves at a 5% probability by the Tukey test.

Only the genotype CD 116 presented differences for 
the dry mass of seedlings, with reduction, when used the 
inoculation of 20% of the plants (Table 5). For the BRS 264, 
differences were also observed, however, inconsistent.

For the hectolitric weight of the seeds, the majority of the 
treatments did not present differences as a function of the initial 
inoculum doses of the fungus, except for the genotypes BRS 
264 and CD 104, which had the lowest values at the doses of 
20 and 30% of inoculum in the field (Table 6). Goulart (2004) 
also observed a reduction in the seed hectolitric weight after the 
infection of spikes by P. oryzae.

For the incidence of P. oryzae in the seeds, incidences 
ranging from 0 to 30% among the treatments were recorded 
(Table 7). It was observed, through this evaluation, that there 
was the transmission of the pathogen present in the field to the 
wheat seeds, in all the genotypes.

It was observed that the lowest inoculum dose (5%) was 
able to cause the lowest incidence (8%) in the seeds of the 
cultivar BRS 264; nonetheless, this dose caused the highest 
incidence (30%) in the seeds of the cultivar CD 104 (Table 7). 
In this last cultivar, the highest dose of initial inoculum (30%) 
also provided the highest recorded incidence (30%), and in the 
lineage VI 98053 this dose caused half of this incidence (15%). 
These results suggest that different doses of initial inoculum in 
the field can cause variable incidences in the harvested seeds.

Even with a high incidence of the pathogen in the seeds, 
the appearance of symptoms in the seedlings may be low 
and vice-versa, and there is no direct relationship among 
the incidence in the plant and the incidence in the seeds, 
and the transmissibility (Faiad et al., 1994). Asymptomatic 
seeds were observed, even with the application of treatments 
that generated high incidences of the disease in the field. 
Apparently healthy seeds harvested from areas with blast are 
able to present internal mycelium, and this may not be detected 
in the sanity analysis. This contributes to the dispersion of the 
pathogen by the commercialization of “erroneously” approved 
lots. In this situation is the importance of the sensitivity of the 
employed test and the ideal conditions for it.

Near the harvest, the control treatments probably lost the 
residual effect of the fungicide by the date of the last application, 
and this, conjunctly with the action of dissemination of the 
conidia by the wind, implied in the increase of the incidence; 
therefore, they presented similar results to the ones of the 
inoculated treatments (Table 7). This corroborates Urashima’s 
et al. (2009) study, who observed a high incidence of P. 
oryzae in the seeds of the cultivar CD 104, with no differences 
between the control (with 69% incidence in spike seeds without 
symptoms) and the treatment with seeds harvested from spikes 
with symptoms (incidence of 72%).

Table 7.	 Incidence (%) of Pyricularia oryzae in seeds 
harvested from wheat genotypes as a function of 
initial inoculum dose of the fungus in the field.

 Inoculated 
plants 
(%) 

Genotypes 

BRS 264 VI 98053 CD 116 CD 104 

0 10.0 bcA1   4.0 bA   0.0 aA   8.0 bA 
5   8.0 cB 24.0 aA 11.0 aB 30.0 aA 
10 24.0 aA 27.0 aA   8.0 aB 24.0 aA 
20 13.0 abcAB 24.0 aA 11.0 aB 18.0 abAB 
30 21.0 abAB 15.0 abB 12.0 aB 30.0 aA 

1Based on the arcsin (x/100)1/2transformation; Means followed by the same 
lowercase letter in vertical or upper case in horizontal do not differ among 
themselves at a 5% probability by the Tukey test.

According to Machado (1994), lots with incidences of 
P. oryzae above 10% for certified wheat seeds should not be 
commercialized, which would “condemn” some genotypes 
studied here, considering the majority of the inoculum doses 
of the present study. Silva et al. (2009) state that in cases of 
high incidences (these had a 26.7% incidence rate), lots of 
wheat should be used as grains, being commercialized to 
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mills, and not as seeds.
The cultivars BRS 264 and CD 104 presented significant 

negative correlations among the incidence of the pathogen in 
the plants and the parameters of germination, hectolitric weight 
and productivity; and between the incidence of P. oryzae on 
harvested seeds and the productivity, for the cultivar BRS 264 
(Table 8). Coelho et al. (2016) corroborate this data, for they 
observed a positive correlation between losses in productivity 
and blast. Thus, these data indicate that in seed production 
fields of these genotypes the increase in the incidence of P. 
oryzae in the plants may imply both low productivity and low 
physiological quality of the seeds.

In general, in relation to the physiological quality, 
some of the lower values of germination and of vigor were 
found, mainly in the doses of 20 or 30% of initial inoculum, 
especially for the genotypes BRS 264 and CD 104. These 
low values may have been a consequence of the direct and 
indirect damages caused by P. oryzae in the mother plant and 
in the seed. Researchers report that this pathogen does not 
significantly interfere with wheat germination (Urashima et al., 
2009), and this fact was observed in the absence of correlation 
between the incidence of P. oryzae in the harvested seed and 
the germination (Table 8). Nevertheless, the reduction in the 
germination and in the vigor may be associated with the fact 

Table 8.	 Pearson correlation coefficients obtained between the characteristics of reaction to blast in the field and the laboratory 
seed quality tests in wheat genotypes.

 

Genotype  Germination Incidence of P. oryzae 
in the harvested seed 

 Hectolitric weight of 
seeds Productivity 

BRS 264 

Incidence of P. oryzae in the 
plant - 0.81*   0.51ns - 0.87* - 0.85* 

Severity in the spike1 - 0.35ns - 0.15ns - 0.39ns -0.30ns 
Incidence of P. oryzae in the 
harvested seed 0.40ns - -0.51ns - 0.82* 

VI 98053 

Incidence of P. oryzae in the 
plant - 0.44ns   0.92* - 0.45ns -0.27ns 

Severity in the spike1 - 0.46ns - 0.08ns 0.15ns   0.34ns 
Incidence of P. oryzae in the 
harvested seed 0.29ns - - 0.13ns   0.02ns 

CD 116 

Incidence of P. oryzae in the 
plant - 0.72ns   0.75ns   0.16ns -0.72ns 

Severity in the spike1 - 0.16ns   0.45ns   0.12ns -0.51ns 
Incidence of P. oryzae in the 
harvested seed -0.43ns - 0.09ns -0.45ns 

CD104 

Incidence of P. oryzae in the 
plant - 0.86 *   0.68ns - 0.86* - 0.87* 

Severity in the spike1 - 0.53ns   0.84* - 0.66ns -0.61ns 
Incidence of P. oryzae in the 
harvested seed - 0.11ns - -0.40ns -0.32ns 

*Significant at a 5% probability level; ns-Not significant by the t Test. 1Analysis by means of the evaluation of 30 plants of the useful area, through a diagrammatic 
scale for the quantification of the symptoms of blast on the spike.

that the pathogen, when colonizing the plant, considerably 
reduces the transport of photosynthates to the seed filling 
during the booting stage, causing a decrease in reserves 
such as carbohydrates, lipids and proteins necessary for the 
metabolism and nutrition of the embryo, possibly generating 
seeds and/or plants with little vigor.

Therefore, P. oryzae may act significantly in the field 
stage, in the development of the plant, reducing the transport 
of assimilates to the formation of the seeds, and consequently 
diminishing their physiological potential, which clarifies 
the correlation between the incidence of the disease in the 
field and the germination for some genotypes (Table 8). It is 
worth noting that, once the transmissibility (incidence in the 
harvested seed) has been verified, the pathogen mayor may 
not affect the germination.

Only in the lineage VI 98053 the positive and significant 
correlation between the incidence of the pathogen in the plant 
and the incidence of the pathogen in the harvested seed was 
observed, i.e., a direct relation between the presence of blast 
in the field and its transmission to the wheat seed (Table 8). 
This datum is of extreme importance, since this genotype, 
besides not having information in the region of Minas Gerais, 
Brazil, regarding blast, also has no information regarding the 
transmission of the pathogen by the seed, as well as for the 
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cultivar CD 104. Goulart et al. (1995) corroborate this datum 
when they observed a direct correlation between the presence 
of blast on wheat spikes in the field and the percentage of 
harvested seeds with the presence of P. oryzae.

Studies that correlate the presence of the disease in the 
field and the incidence of the pathogen in the seeds for the 
determination of tolerance standards in seed production fields 
are of great utility (Cornélio et al., 2000), the present study being 
an example of this. Thus, among the most important practices 
for the production of seeds with high sanitary and physiological 
quality are the periodic phytosanitary inspections, which aim to 
reduce or even eliminate the initial inoculum.

Conclusions

There is a reduction in the productivity and in the 
physiological quality of wheat seeds of the genotypes BRS 264, 
VI 98053, CD 116 and CD 104, as a function of the concentration 
of the initial inoculum of P. oryzae applied in the field plants, 
mainly in doses of 20 or 30 % of inoculum.

In the evaluated genotypes, the incidence of blast in the 
field is capable of causing the transmission of P. oryzae from 
the mother plant to the wheat seeds.

For the genotypes BRS 264, VI 98053, CD 116 and CD 
104, it is recommended not to use as seeds the ones coming 
from production fields with incidence of blast from 20% on 
the plants, when evaluated near the period of seed maturation. 
Incidences below 20% need to be studied for the exact 
indication of P. oryzae tolerance standards in the field.
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