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Abstract

Wheat productivity is compromised by the number of diseases that affect it. The diseases control is basically
effected by the use of fungicides, however, biological control has become important due especially to the
demand for foods free of chemical compounds. The objective of this work was to evaluate the efficiency of
yeasts in reducing diseases through the treatment of wheat seeds and the spraying of plants in the field. The tests
were carried out in the field and laboratory, with the yeasts Candida albicans, Cryptococcus laurentii, Pichia
guilliermondii, Rhodotorula glutinis, Zygoascus hellenicus and Saccharomyces cerevisiae compared with
fungicide (carbendazim) and control with water. In the laboratory, seed health, germination, germination speed
index, cold test and accelerated aging were analyzed. In the field, seed treatment and aerial application were
carried out when the flag leaf was emitted and the occurrence of diseases, chlorophyll content, production
components, productivity and production quality was evaluated. For the variables of production and quality of
the wheat in field, the yeast Z. hellenicus was efficient for productivity resembling the fungicide. For the severity
of diseases in field, parameters related to germination and seed health, yeasts were not efficient.
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1. Introduction

Wheat (Triticum aestivum L.) stands out for being the most economically important crop among winter cereals.
Production in Brazil was 5.4 million tons according to FAO (2018). With the occurrence of rain, phytosanitary
problems are favored, being common rot (Bipolaris sorokiniana), leaf rust (Puccinia triticina), blast fungus
(Pyricularia grisea), powdery mildew (Blumeria graminis sp. tritici), brown spot (Bipolaris sorokiniana), glume
spot (Stagonospora nodorum), gibberell (Gibberella zeae) and yellow spot (Drechslera tritici-repentis) the main
diseases according to Silva, Bassoi, and Foloni (2017).

Chemical disease control has been the main method used to manage diseases, mainly due to its effectiveness and
economic viability (Silva Junior & Behlau, 2018). However, the continuous use of agrochemicals poses risks to
the environment due to the persistence of residues in the soil and contamination of groundwater, impacting
terrestrial and aquatic ecosystems, also causing serious impacts on human health (Wightwick, Walters, Allison,
Reichman, & Menzies, 2010; Pereira, Costa, & Lima, 2019), in addition to their loss of efficiency due to the
resistance acquired by pathogens. Therefore, the use of alternative methods should be better explored in the
diseases control.

According to Medeiros, Silva, and Pascholati (2018), biological diseases control occurs through the control of
pathogenic microorganisms by the action of another, this can occur through mechanisms of action such as
antibiosis, competition, parasitism and predation, as well as through the induction of resistance.
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Yeasts stand out among the organisms with potential for alternative control because they are promising agents of
disease control and for participating in the epiphytic/endophytic microbiota, competing with pathogens (Mello,
Silveira, Viana, Guerra, & Mariano, 2011), such as the yeasts Pichia spp. and Candida spp. which has been
effective in reducing the use of systemic fungicides, especially in post-harvest (Liu, Sui, Wisniewski, Droby, &
Liu., 2013).

In the work of Roberts (1990) the presence of Cryptococcus laurentii in apple fruits in post-harvest was able to
inhibit and reduce the percentage of fruits with gray mold (Botrytis cinerea). There are reports of in vitro
inhibition of the growth of Fusarium sporotrichioides colonies by isolates of Rhodotorula glutinis and
Saccharomyces cerevisiae yeasts (Wachowska, Kucharska, Jedryczka, & Lobik, 2013).

According to Heling (2016), plants treated with Pichia guilliermondii in a greenhouse obtained an area reduction
of 30.40% under the common bacterial blight progress curve and plants treated with Zygoascus hellenicus
showed a reduction of 11.43 and 19.35% in field in the water harvest (2015/2016).

Therefore, the objective of this work was to evaluate the efficiency of yeasts in reducing diseases through the
treatment of wheat seeds and spraying of plants in the field.

2. Method

The work was carried out in Marechal Candido Rondon- PR, located at 24°53' S, 54°02' W and altitude of 387 m,
from May 2017 to May 2018 in two stages. One in field conditions with a focus on leaf diseases and the second
in laboratory conditions with a focus on seed quality and health.

The first stage was developed in a randomized block design with eight treatments and four blocks. The
experimental units were defined with 10 spaced lines of 0.20 m and density of 60 plants per meter of the cultivar
CD-150.

Fertilization was carried out at planting and covering at the tillering stage according to the soil analysis and
recommendations (Oliveira, 2003). The other cultural treatments were carried out according to the culture needs
during the experiment.

On the issuance of the flag leaf was spraying suspensions of Candida albicans, Cryptococcus laurentii, Pichia
guillermondii, Rhodotorula glutinis, Zygoascus helenicus, Saccharomyces cerevisiae yeasts in the concentration
of 1 x 10® cells mL™" and compared with the treatment with fungicide (carbendazim) and control with distilled
water. At 10 days after application, the chlorophyll index was evaluated with a Minolta Chlorophyllometer
(model SPAD-502) on the flag sheet.

The disease evaluation was carried out at the flowering stage, with the aid of diagrammatic scales for the yellow
spot (James, 1971), blast fungus (Maciel, Danelli, Boaretto, & Forcelini, 2013), glume spot (Thapa et al., 2016)
and leaf rust (Alves et al., 2015), where percentages of disease severity were attributed to leaf or glume.

When the plants reached physiological maturity, the six central lines were harvested, evaluating the number of
plants, number of tillers, plant height (Zadoks, Chang, & Konzak, 1974), number of ears m™, number of
spikelets per ear, number of grains per ear, mass of a thousand grains and estimate of productivity and quality
(Hossen, Corréa Junior, Guimardes, Nunes, & Galon, 2014) of production determined by hectoliter weight,
standardized at 13% humidity.

The second stage was conducted in the laboratory, with the seeds of cultivar CD-150 subjected to the same
treatments with a completely randomized design with four replications. Seed health tests, emergence and
germination speed index, cold test, accelerated aging test, seedling length, root length and fresh and dry mass of
seedlings and roots were performed.

The seeds microbiolization was carried out with 0.20 mL of yeast suspension (1 x 10* cells mL™), water or
fungicide and applied to a portion of 100 g of seed, according to the recommended fungicide dose.

The seed health test was conducted with 200 seeds per treatment placed in transparent acrylic boxes lined with
moist paper towels. After 24 h, the boxes remained in the freezer for 12 h for inactivity of the seed embryo
(Machado, Pereira, Valle, & Alvisi, 2009), and then 7 days at room temperature. Then, fungal structures were
identified at the gender level through the Barnett and Hunter manual (1998) and quantified the healthy seeds and
infected with each pathogen.

In the germination test, four repetitions of 50 seeds were placed in rolled paper towels at 20 °C and a 12 hours
photoperiod for 8 days in plastic bags. On the fourth day, normal seedlings were quantified and on the eighth day,
normal, abnormal and non-germinated seedlings were quantified (Brasil, 2009). The germination speed index
was also obtained (Maguire, 1962).
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The length of the aerial part of seedlings and radicle, fresh and dry mass of the aerial part and the radicle of
seedlings were evaluated (Nakagawa, 1999). In the cold test, four repetitions of 50 seeds were placed in rolled
paper towels at 5 °C for 7 days (Fanan, Lima, & Marcos Filho, 2006), afterwards, they were kept at 20 °C for 8
days. Quantification was performed on the fourth and eighth day according to the germination test described
above.

The accelerated aging test used 200 seeds per treatment placed on plastic screens in transparent acrylic boxes
with a lid moistened with 40 mL of water. After 48 h at 43 °C inside the aging chamber (Lima, Medina, & Fanan,
20006), the seeds were placed in rolled paper towels and kept for 8 days at 20 °C as previously described.

The data were subjected to normality tests. For analysis of variance and comparison of means by the Tukey test
at 5% probability was used the SISVAR 5.3 statistical program. For the cold and accelerated aging tests, the
means were compared using the Dunnet test at 5% probability with the aid of Genes statistical program.

3. Results and Discussions

After the application of yeasts to the field, no significant difference was observed between treatments for the
variables number of plants per meter, number of tillers per meter, number of spikelet per ear, number of grains
per ear and number of ear per square meter. The general averages were 14.72; 95.91; 11.62; 17.67 and 171.19,
respectively and the other data were omitted.

The average value for number of grains per ear (17.67) was lower than the work by Chavarria, Rosa, Hoffmann
and Durigon (2015) who found to cultivate Mirante 34.49 and to cultivate Quartz, 35.95 grains per ear when
growth regulator is applied to plants. The reduced number of grains per ear can be explained by the water
deficiency that occurred during the experiment, mainly in the grain filling period, a phase that is usually sensitive
to summer (Ribeiro Junior et al., 2006).

During the filling of grains, which occurred at the beginning of the second ten-day period in August until the end
of the first ten-day period in September, the water requirement is about 5.48 mm day™ (Libardi & Costa, 1997).
However, in August and September, the average precipitation was 3.40 mm and 0.00 mm in the experimental
area (INMET, 2017), respectively, not being enough for the correct formation of grains. Wilcox and Makowski
(2014) conclude that wheat yield can be reduced due to scarcity of rainfall and high temperatures.

The means by treatment of the variables plant height, mass of thousand grains, and chlorophyll index (SPAD)
were not significant (data not shown). There was a significant difference between treatments for productivity and
hectoliter weight (Table 1).

Table 1. Productivity (PROD) and hectoliter weight (HW) of wheat plant grains sprayed with yeasts at field and
yellow spot severity observed in the field. Marechal Candido Rondon, 2017.

Treatment PROD (kg ha™h) HW (kg 100 Lh Yellow spot

Control 590.50 b 79.51 abc 0.50b

P. guilliermondii 721.25 ab 79.59 abc 0.45b

S. cerevisiae 789.25 ab 77.59 ¢ 0.15b

C. albicans 730.75 ab 78.06 be 2.68 a

C. laurentii 791.00 ab 81.05 ab 045b

Z. hellenicus 948.00 a 81.51 a 0.50b

R. glutinis 759.75 ab 80.96 ab 1.00 ab

Fungicide 668.00 ab 79.15 abc 0.60 b
% 1594 167 2372

Overall Average 749.81 79.68 0.79

Note. Averages followed by the same lower case letter in the column, do not differ statistically from each other,
tukey test at the level of p < 0.05.

The yeast Z. hellenicus stands out for differing statistically from the control, being possible to say that it helped
in maintaining the productivity even in the adverse conditions of drought while the culture was in the field.

The foliar application of yeasts can promote the increase of grain yield (Mohamed, Thalooth, Essa, & Godarah,
2018), however the productivity values were lower than the studies by Battistus et al. (2013) who obtained an
average of 1131.25 kg ha™ without application of fungicide in aerial parts and by Marinho, Bazzo, Cardoso,
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Zucareli and Fonseca (2018) who obtained 3805.58 and 3315.95 kg ha™' with the genotypes BRS Gralha-azul
and BRS Sabia, respectively.

For hectoliter weight, the treatment with Z. hellenicus obtained 81.51 kg hL™, differing only from the treatments
with S. cereviseae and C. albicans, 77.59 and 78.06 kg hL™, respectively, being similar to the results of Prando,
Zucareli, Fronza, Oliveira and Oliveira Janior (2013) where in the first year of the experiment, it was classified
as type 1, according to Silva et al. (2017).

The evaluation of diseases under field conditions revealed the occurrence of leaf rust, yellow spot and glume
spot, but there was no significant difference for leaf rust and glume spot, being omitted.

The development of diseases occurs due to the interaction between pathogen, susceptible plant and favorable
environment (Medeiros et al., 2018). Therefore, the condition of low rainfall precipitated the occurrence of
diseases and the effect of yeasts on biological diseases control in the crop was not verified. C. albicans favored
an increase in the severity of yellow spot, increasing from 0.5% (control) to 2.68% in severity (Table 1).

The evaluations of vigor and quality of seeds had a significant effect on the variables length of aerial part and
radicle, fresh and dry seedling mass, germination speed index, germination on the fourth day (first count) and
germination test (Table 2). The variables fresh and dry root mass and emergence speed index were not significant
(data not shown).

Table 2. Seedling shoot length (SSL), root length (RL), seedling shoot fresh mass (SSFM), seedling shoot dry
mass (SSDM), germination speed index (GSI), seeds germinated on the fourth day-first count (FC) and the
germination test (GT) of wheat seeds treated with yeasts. Marechal Candido Rondon, 2017

Treatment SSL (cm) RL (cm) SSFM (g) SSDM (g) GSI FC (%) GT (%)
Control 11.31a 13.06 a 0.80 a 0.080 a 24.80 bed 38.5ab 69.0 abc
P. guilliermondii 10.69 ab 11.25 ab 0.65 abc 0.063 ab 20.22d 22.0 cd 58.5¢
S. cerevisiae 9.35b 9.44 b 0.57c 0.056 b 20.64 cd 20.5d 60.5 be
C. albicans 10.06 ab 10.37 ab 0.64 be 0.065 ab 27.63 ab 36.0 abc 67.0 abc
C. laurentii 9.94 ab 11.72 ab 0.62 be 0.060 ab 27.98 ab 41.0 ab 72.0 ab
Z. hellenicus 10.35 ab 10.81 ab 0.60 be 0.058 b 26.7abc 35.0 abed 73.0 ab
R. glutinis 10.35 ab 11.16 ab 0.66 abc 0.061 ab 24.75 bed 26.0 bed 73.0 ab
Fungicide 10.70 ab 14.10 a 0.74 ab 0.071 ab 31.74 a 495a 75.5a
V% 280 633 196 039 52 1089 - 405

Overall Average 10.37 11.49 0.66 0.065 25.56 33.56 68.56

Note. Averages followed by the same lower case letter in the column, do not differ statistically from each other,
tukey test at the level of p < 0.05.

Seedling shoot length (SSL), radicle length (RL), seedling shoot fresh mass (SSFM), seedling shoot dry mass
(SSDM) and the proportion of seeds sprouted in the first count (FC) showed a reduction when treated with S.
cerevisiae.

It is possible to observe that R. glutinis did not interfere negatively in any of the parameters related to
germination. The fungicide was statistically similar to the control in all parameters, except the germination speed
index (GSI), which increased from 24.80 to 31.74 with the application of fungicide.

Yeasts, in general, were not effective in improving germination parameters, while Fedotov, Shoba, Fedotova,
Stepanov and Streletsky (2017) when using a concentration of 4 x 10’ mL™ cells in different yeasts such as
Rhodotorula mucilaginosa, S. cerevisiae and Cryptococcus spp. were able to stimulate the metabolism of wheat
seeds, making the germination process faster.

The fungicide did not interfere in a large part of the parameters, however, it resulted in an increase in the
germination speed index. For the first count on the fourth day after germination and for the germination test, the
highest values were obtained when treated with fungicide.

Therefore, yeasts have not shown efficacy in parameters related to germination, however, research must advance
mainly in terms of dosages and treatment methods that do not harm germination.
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In the accelerated aging test (Table 3), there was no significant difference between treatments for germinated on
the eighth day. For the other variables, there was a statistical difference between treatments. When compared
with non-aged treatment, all variables show statistical difference with the same.

Table 3. Percentage of wheat seeds treated with yeasts submitted to accelerated aging germinated on the fourth
day (G4), on the eighth day (G8), not germinated on the eighth day (NG8) and abnormal seeds quantified on the
eighth day (AS8) after the installation of the experiment. Marechal Candido Rondon, 2017

Treatment G4 G8 NGS8 A8
Control 18.0 abA 67.5 aB 22.0 abB 10.5 abB
P. guilliermondii 14.0 bB 73.5 aA 20.5 abB 6.0 bB
Z. hellenicus 28.0 abA 72.0 aA 23.0 abB 5.0bB
S. cerevisiae 20.0 abA 73.5 aA 18.0 abB 8.5bB
C. laurentii 23.0 abA 71.0 aA 21.0 abB 8.0 bB
C. albicans 15.0 abB 61.0 aB 28.5 aA 10.5 abB
R. glutinis 29.0 aA 66.5 aB 24.0 abB 9.5bB
Fungicide 14.5 abB 65.0 aB 11.5bB 23.5 aA
‘Treat. notaged 305A 8.5A 125B 1.00B
DMS 12.69 17.91 11.78 11.49
<% 2967 1263 2921 6250
Overall Average 21.33 70.72 20.11 9.17

Note. Averages followed by the same lower case letter in the column, do not differ statistically, Tukey test at the
level of p < 0.05. Means followed by the same capital letter in the column, do not differ from the treatment that
has not undergone aging, Dunnet test at the level of p <0.05.

The seeds treated with P. guilliermondii, C. albicans and fungicide were disadvantaged in germination when
aged showing that the treatments interfere negatively accelerating the process of seeds degradation over time.
The other treatments were similar to non-aged. In general, yeasts were not effective in increasing germination on
the fourth day.

On the eighth day, yeasts were also not effective for adding sprouted seeds. Treatments with C. albicans, R.
glutinis, fungicide and the control were also disadvantaged with aging, showing that under high temperature
conditions germination is impaired.

In the variable non-germinated seeds (hard, dormant and dead), only the treatment with C. albicans differed from
the non-aged treatment and the others, being disadvantaged with the accelerated aging due to the high number of
non-germinated seeds. This behavior shows that over time the presence of this yeast impairs seed germination.

The abnormal seeds (damaged, deformed or deteriorated) have no statistical difference between the treatments
and the control. When compared to non-aged treatment, fungicide treatment was disadvantaged with aging.

The results for percentage of seeds germinated on the eighth day submitted to accelerated aging did not obtain
significant difference between the treatments and the general average 70.72% is similar to the work of Ohlson,
Krzyzanowski, Caieiro and Panobianco (2010) who obtained 72% of normal seedlings in lot 4 of cultivar CD
104 of wheat after accelerated aging test at 43 °C for 48 h.

In the results of the cold test (Table 4), the percentage of seeds germinated on the fourth day showed a significant
difference between treatments. P. guilliermondii accelerated germination, presenting 79.00% of the seeds
germinated on the fourth day after sowing, surpassing the fungicide.
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Table 4. Percentage of wheat seeds treated with yeasts submitted to cold test germinated on the fourth day (G4),
on the eighth day (G8), not germinated on the eighth day (NG8) and abnormal seeds quantified at eighth day (AS8)
after the installation of the experiment. Marechal Candido Rondon, 2017

Treatment G4 G8 NGS8 A8
Control 59.0 abA 77.0 aA 11.5aA 11.5 aA
P. guilliermondii 79.0 aA 85.5aA 12.0 aA 2.5aB
Z. hellenicus 54.0 bA 81.5 aA 13.0 aA 5.5aB
S. cerevisiae 76.0 abA 81.5aA 14.0 Aa 4.5aB
C. laurentii 55.5 abA 73.0 aA 18.0 aA 9.0 aB
C. albicans 69.5 abA 79.0 aA 18.0 aA 3.0aB
R. glutinis 73.5 abA 82.5 aA 11.5 aA 6.0 aB
Fungicide 52.0 bA 82.0 aA 8.0 aA 10.0 aB
Treat. not subjected to cold 305B 86.5A 1254 101B
DMS 20.8 14.78 10.04 9.32
% 1701 o1 3803 7893
Overall Average 61.0 80.94 13.16 5.89

Note. Averages followed by the same lower case letter in the column, do not differ statistically from each other,
tukey test at the level of p < 0.05. Averages followed by the same capital letter in the column do not differ from
the treatment that was not subjected to cold, Dunnet test at the level of p <0.05.

Germination and the percentage of normal seedlings were favored with the cold test when compared to the
non-cooled treatment. Germination is slower without the stress of cold, presenting only 30.50% of the seeds
germinated on the fourth day.

On the eighth day, the percentages of normal seedlings are similar to each other in all treatments with averages
of 73.0 to 85.5%, similar to cultivar Itaipu in the work of De Oliveira et al. (2020) who obtained 86.0% of
normal seedlings when zero dose of the Stimulate® (4-indole-3-ylbutyric acid + gibberellic acid + kinetin) was
applied and 85.0% when the highest dose of 1 L ha” was applied after cold test with exposure of three to five
days at 10 °C.

In the seed health test, the percentage of seeds showing fungal structures of the pathogens Bipolaris sorokiniana,
Fusarium graminearum, Pyricularia grisea and Stagonospora nodorum can be seen in Table 5. The statistical
analysis showed a significant effect (p < 0.05) for the factor studied.

Table 5. Percentage of healthy wheat seeds (HS) and seeds showing structures characteristic of Bipolaris
sorokiniana (BS), Fusarium graminearum (FG), Pyricularia grisea (PG), Stagonospora nodorum (SN) after
treatment with yeast, fungicide and distilled water. Marechal Candido Rondon, 2017

Treatment BS FG PG SN HS
Control 17.00 be 43.0a 28.25 ab 21.25 cde 1.0b
P. guilliermondii 125¢ 415a 27.75 ab 17.25 de 0.25b
Z. hellenicus 20.5 abe 41.75a 315a 3525 ab 05b
S. cerevisiae 27.0 ab 4425 a 355a 34.0b 00b
C. laurentii 20.0 abc 39.0a 25.5 ab 12.5¢ 0.5b
C. albicans 24.25 ab 41.0a 25.25 ab 32.5bc 0.0b
R. glutinis 28.5a 435a 32.75a 27.0 bed 025b
Fungicide 10.5¢ 1.25b 16.5b 4575 a 11.75a
o 2316 1795 2156 1941 3524
Overall Average 20.03 36.90 27.87 28.44 1.78

Note. Averages followed by the same lower case letter in the column, do not differ statistically from each other,
tukey test at the level of p < 0.05.
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Yeasts did not effectively reduce the level of seed contamination. However, in the work of Mati¢, Spadaro,
Garibaldi and Gullino (2014) seeds treated with P. guilliermondii reduced the infection rate by Fusarium
JSujikuroi to 14.3% in rice seeds, compared to untreated seeds (97.7% of infection).

Yeasts were not efficient for the pathogens Fusarium graminearum, Pyricularia grisea and Stagonospora
nodorum. The isolate Z. hellenicus and the fungicide increased the infestation by S. nodorum in the seeds.

Fokkema, Denhouter, Kosterman and Nelis (1979) found that diseases in the field were less severe when C.
laurentii was present in the leaf blade. However, in this work, no efficacy of this yeast was observed, requiring
further studies to confirm the benefits of the yeast against Stagonospora nodorum, the causal agent of glume
spot.

The fungicide treatment showed the highest percentage of healthy seeds (Table 5), showing that yeasts did not
present the control mechanisms mentioned as antibiosis or competition for the ecological niche. In general,
research should continue regarding the concentration of yeast cells for seed treatment and for field spraying.

4. Conclusion

The yeasts tested were not efficient in the management of wheat diseases by seed treatment and by leaf
application under the conditions of the experiment. The yeast Zygoascus hellenicus, when applied in aerial part,
increased the productivity.
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