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Abstract

The objective of this study was to evaluate the effect of a foliar fungicide commonly used to control Asian soybean
rust (Phakopsora pachyrhizi) in the physiological and sanitary quality of soybean seeds. The experiment was
carried out during the 2012/13 field season, with six treatments and four replications arranged in a randomized
complete block design. The following treatments were evaluated: T1 (no fungicide application); one application at
R1 stage; two applications at R1 and R3 stages; three applications at R1, R3, and RS stages; four applications at R1,
R3, RS, and R6 stages and five applications at R1, R3, R5, R6 and R7 stages. Seeds yield, seed weight, viability
and vigor assessments were used to measure the impact of foliar fungicide applications on soybean yield and seed
quality. The results indicated that four fungicide applications provide higher grain yield, increased seed weight,
and germination percentages within commercial standards. In contrast, the number of fungicide applications did
not correlate with the sanitary quality of the seeds.
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1. Introduction

Soybean (Glycine max (L.) Merrill) is the most important oleaginous plant cultivated in the world. Due to its great
economic and social importance, is grown over a wide geographic area not only in Brazil but also in other
countries (Lazzarotto, 2010; Rigo et al., 2018). In Brazil, during the 2017/2018 soybean crop season, it was
estimated that 31.9 million hectares were planted, representing a 3.5% increase in the national area, with an
expected production of approximately 107 million tons (CONAB, 2017).

Among the factors that define the success of soybean cultivation is the use of high quality seeds, which will
generate high vigor plants that will have a superior performance in the field. Infer that the use of high quality seed
allows access to genetic advances, quality assurance and adaptation technologies in the different regions, ensuring
greater productivity (Franga-Neto et al., 2016; Carvalho et al., 2016; Nardino et al., 2016; Ferrari et al., 2016).
Therefore, the quality of seeds is of great importance, since it affects both the return of the invested capital and the
yield potential for the next crop season (Szareski et al., 2016; Strobel et al., 2016).

Along with the expansion of the production area over the years, an increase in diseases caused by fungi, bacteria,
viruses, and nematodes has been observed. This is the case of Asian Soybean Rust (ASR), a disease caused by the
fungal pathogen Phakopsora pachyrhizi that causes rapid leaf yellowing, premature senescence, and impairs root
formation (Soares et al., 2004). ASR is considered one of the most detrimental factors that affects soybean
production nowadays.

In this context, due to the limited availability of ASR-resistant soybean cultivars, the foliar application of
fungicides to target this disease has been the most important tool used by farmers to provide greater sanity to the
plants, thus ensuring maximum yield potential and seeds quality for this oilseed (Godoy et al., 2007).

Being a polycyclic disease and thus present in the field practically throughout the plant cycle (Godoy et al., 2004),
an efficient ASR control usually requires a number of fungicide applications with short application intervals. On
favorable epidemic conditions, three to five applications are necessary at ten-day intervals (Sinclair and Hartman,
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1995), spanning both the vegetative and the reproductive stages. This may be concerning since it could lead to
fungicide residue in the plant tissues, most importantly in the seeds, after harvesting (Vargas et al., 2018).

Therefore, the objective of this work was to gain knowledge on the impact of the number of foliar fungicide
applications in the yield, physiological, and sanitary quality of soybean seeds.

2. Material and Methods

To assess the impact of the number of fungicide applications for the control of Asian rust (Phakopsora pachyrhizi),
residue level and seed quality of soybean, an experiment was carried out in the Federal University of Santa Maria,
Campus FredericoWestphalen, Rio Grande do Sul, Brazil, using a mixture of strobilurin + triazol (109.8 g.ai/ha)
for all applications.

The soil of the area is classified as a clayey dystrophic red latosol (Embrapa, 2006). The location of the
experimental area is defined by the geographical coordinates latitude 27°25'43” S, longitude 53°43'25” W and
average altitude of 488 m. According to the classification of Kdeppen the climate of the region is subtropical
humid, with average annual rainfall of 2100 mm.

The experimental design was randomized complete block, with four replications. The treatments were: untreated
check; one application; R1 growth stage; two applications; R1 and R3; three applications; R1, R3, and R5; four
applications; R1, R3, RS, and R6; five applications; R1, R3, RS, R6, and R7.The local daily precipitation data and
the minimum and maximum temperatures were collected using an automatic local weather station (Figure 1).
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Figure 1. Daily average temperatures and rainfall during the conduction of the experiment. The rainfall data were
obtained from the Meteorological Station of FredericoWestphalen-RS

Soybean fertilization was carried out according to the recommended values (CQFS, 2004) for soybean crop in
no-tillage, having as parameter the grain yield of 4200 kg ha™, and based on the soil chemical analysis. The soil
physical and chemical characteristics were the following: 42% clay, pH 6.2 in water, SMP index 6.4, Phosphorus

(P)9.2 mg L™, potassium (K) 198.5 mg L™, 10.3 cmol, L calcium™, magnesium 4.2 cmol, L™, organic matter (MO)
3.4%.

Sowing of soybean seeds was performed manually, on 12/02/2012, using seeds previously treated with fungicide
and inoculant. Each plot consisted of 12 rows of soybean (0.45 m spacing) by 2.5 m length, considering as a
sampling area the 6 central rows, excluding 0.75 m from each end.

Harvesting was done manually on 03/30/2013 and the yield estimated in kg hacorrected to 13% moisture.
Subsequently, the seeds were packed in paper containers and kept in a dry place with relative air humidity around
40%. From each plot a sample was taken for physiological and sanitary analysis. For the parameter thousand-seed
weight (TSW) the degree of humidity (U) was determined with a Digital Moisture Meter MOD. 919 FOB, by
counting and weighing 8 subsamples of 100 seeds from each plot using a precision scale (Brazil, 2009).

Yield was determined based on the final population of existing plants in the sampling area (2.7 m?) of each plot.

Seeds yield of each replicate was calculated and the value obtained (kg parcela™) was transformed to yield (kg
ha™).
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2.1 Seed Physiological Quality Assessment

For physiological quality assessment, seed samples were submitted to germination and vigor tests (Brazil, 2009).
The vigor tests evaluated were: physiological tests (first germination count, seedling length, and seedling fresh and
dry weight; resistance test (accelerated aging) and biochemical test (electrical conductivity) as described below.

Germination test (GT): The test consisted of four replicates of 100 seeds per treatment, distributed on a roll of three
wet sheets of germination paper followed by incubation in a germinator regulated with a constant temperature of
2542 °C, with a 12 hour photoperiod. Five days after incubation, samples were taken for determination of vigor
and on the eighth day for determination of germination percentage, according to the criteria established by the
Rules for Seed Analysis (Brazil, 2009).

First counting (FC): performed with the twinning test after the fifth day of the test. Results expressed as percentage
of normal seedlings. Normal seedlings were those with well-formed root system and perfect coleoptile,
well-developed leaf (plumule) inside or emerged from it. Abnormal seedlings had poorly formed and necrotic
roots, empty coleoptile, primordial leaves split or longitudinally split, and abnormal or absent hypocotyl
development (Brazil, 2009).

Length of seedlings (LS): Seedling length was evaluated eight days after germination through measurement of
shoot length (SL), root length (RL), and total length (TL), the latter obtained by the sum of the two previous
variables. For this analyzes, four replicates of 10 normal seedlings randomly chosen were used.

Dry seedling mass (DSM): The test was carried out with normal seedlings obtained from the germination test,
including all parts of the seedlings; Radicle, hypocotyl, cotyledons and primary leaves. Four replicates of 10
seedlings per treatment were placed in paper containers and dried at 70 °C. Containers were weighted until
reaching constant weight (Santos, 2009). Data were expressed as milligrams (mg).

Accelerated aging (EA): The test was conducted using 400 seeds per treatment, two samples of 100 seeds
distributed in a single layer on a steel screen and placed in plastic gerbox boxes containing 40 ml of distilled water,
with a distance between the water level and the seeds of approximately 2 cm. The boxes were closed and incubated
in a germination chamber, regulated at 41 °C for 48 hours (MarcosFilho et al., 2001). After this period the
germination test was carried out as described above.

Electrical Conductivity (EC): The test was conducted with four replicates of 25 seeds per treatment. After
weighing each sample, the seeds were placed in plastic cups containing 75 ml of deionized water and kept at
25+2 °C, with a photoperiod of 12 hours, for 24 hours. Conductivity of the solution was determined by the use of a
conductivity meter. Values were divided by the weight of the sample (g) and the results expressed in pS g”' cm™ of
seed (MarcosFilho, 2005).

2.2 Sanitary Quality of Seeds

The evaluation of the sanitary quality of soybean seeds was performed by the Blotter-test. For this, five replicates
of 20 seeds packed in gerbox boxes containing three germination paper sheets moistened with a KCl solution at 0,9
MPa were used. Samples were incubated for seven days at 25 °C under a 12 hour photoperiod. Seeds were
individually examined and the fungi identified with the aid of a microscope stereoscope, the result being expressed
as percentage of contaminated seeds and fungi incidence.

The experimental design used was completely randomized, and the F test was used, and the means comparison was
performed by the Tukey test at the 5% probability level. The data obtained were analyzed separately for each test.

3. Results and Discussion

The analyzed data indicated that only some of the evaluated variables were significantly influenced by the
treatments adopted.

According to the data presented in Table 1, the lower yield was observed in without application, which presented
statistical difference with the other treatments. The data obtained in this variable are consistent with those found by
Brzezinskide et al. (2012), Olsen (2012), and Barros et al. (2008), who observed higher yield of soybean where
there were more applications of fungicides to control rust.
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Table 1. Mean values of yield (kg ha™), weight of thousand seeds, germination and vigor (first count) of soybean
plants, according to the number of fungicide applications

Treatments Yield (kg ha™) WTS (g) GT (%) FC (%)
Without application 3169.7d 163.7d 71.00 a 100.00 a
An application 37655 ¢ 168.7 dec 78.00 a 99.66 a
Two applications 4376.1b 177.2 be 76.32 a 100.00 a
Three applications 4865.8 a 184.7 ab 74.16 a 99.50 a
Four applications 4928.2 a 188.8 a 80.66 a 99.95 a
Five applications 4706.1 ab 187.8 a 71.00 a 99.82 a
cv.% 365 403 197 053

Note. WTS: weight of thousand seeds; GT: germination; FC: first count; Means followed by the same letter in each
column do not differ from each other by the Tukey test at the 5% probability level.

The increase in yield (Table 1), relative to the control, ranged from 595.8 kg ha” to 1758.5 kg ha™ for two
applications and four applications.The lack of fungicide application in the untreated plot reduced yield by 35.6%
the production when compared to the higher production four applications, with four applications. Soybean plants
severely infected with this disease present early defoliation, which compromises the formation and filling of pods
and the final weight of the grains (Yorinori & Lazzarotto, 2004; Szareski et al., 2018).

The preventive and sequential application of the fungicide was essential for increasing yield, as it can be seen in
Table 1. This is because preventive applied fungicides have been highlighted as the most effective strategy in
controlling diseases, avoiding the early defoliation that leads to the loss of photosynthetic area of the plant that
consequently reduces the filling of the seeds and reducing productivity (Finoto et al., 2011; Meier et al., 2016).

The highest yield was obtained when three or four applications were performed. These results corroborate with the
data presented by Barros et al. (2008), which obtained higher yield when working with three fungicide applications
in the control of Asian rust in the soybean crop. In studies by Sinclair and Hartman (1995), the authors observed
that in severe epidemic conditions, three to five applications are required at 10-day intervals. A fact also
highlighted by Levy (2005) who stated that three or more applications are necessary to maintain productive
potential. The reduction of the range of fungicide applications is in function of the intensity of the disease and this
is related to the climatic conditions throughout the cycle of the culture (Godoy et al., 2009). In this sense (Figure 1),
the climate conditions during the development of the experiment were favorable, with rains within the average,
relative humidity of about 80% and maximum and minimum temperatures around 20 to 25 °C. Precipitation has a
direct effect on the epidemic because it is related to the dispersion of spores within the canopy, contributing to the
rapid development of the disease (Tchanz, 1982). The temperature and humidity favor the germination of the
fungus (Sinclair & Beckman, 1989), who needs free water or dew and favorable temperature between 20 and
25 °C.

For the PMS parameter (Table 1), the control treatment had the lowest value, resulting in a reduction of 13.29% in
comparison with four applications, with four applications, but only an application did not differ statistically from
the control. Results corroborate with those obtained by Nunes et al. (2012) observed that the weight of the seeds of
the treatments that received an application presented no difference of those that received, two application of
fungicide. These results indicate that there was a relationship between the different fungicide applications, due to
the damage caused by the disease (Figure 2), resulting in a lower seed mobilization capacity, which resulted in
reduction of the mass and, consequently, of the final productivity. The loss of leaf area caused by the disease affects
the interception of light, the photosynthetic capacity and the accumulation of photosynthates in the period of grain
filling (Board et al. 1994),

Also in relation to the weight of thousand seeds (WTS), the increase in relation to the control ranged from 5 g to
25.1 g, for an application treatments with an application in R1 (beginning of flowering) and Four applications with
four applications in (beginning of flowering, beginning the formation of the pod, initiation of the grain filling and
full grain) R1, R3, RS and R6, respectively.

Although the weight of the without application seeds was statistically lower than the other treatments, this did not
affect the germination and vigor (first count; Table 1) these parameters did not present statistical difference for the
germination parameter, the seeds of the treatments. With greater weight presented, numerically, greater percentage
of germination. This fact may be related to the maintenance of the leaf area for longer, depending on the
application of the fungicide (Telo et al., 2011; Follmann et al., 2017). According to Pereira et al. (2009), plants that
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receive the application of fungicides that have strobilurins in their composition may present a longer period of
photosysetically active foliage, since the strobilurins act in the activation of NADH-nitrate reductase enzyme,
increasing nitrate assimilation and its Subsequent incorporation into the plant's vital molecules, such as
chlorophyll.

For the germination test, only four applications presented average acceptable percentages established for the
commercialization of soybean seeds, that is, minimum standard of 80% of germination (MAPA, 2009). However,
these results differ from those of Gagliardi et al. (2009), Pinto et al. (2011) and Brzezinskide et al. (2012), which
verified that the leaf fugicides applied to the rust control did not affect the physiological quality of the seeds
produced, presenting germinative power above 80%.

Analyzing the physiological tests of vigor (Table 2), it was observed that there was no statistical difference
between treatments in the parameters of shoot length, root length and dry mass weight. According to Nakagawa
(1999), these tests are considered less sensitive to detect differences in vigor when compared to other vigor tests.

Table 2. Mean values of the physiological tests of vigor of soybean seeds, as a function of the number of foliar
fungicide application

Length of seedlings (mm) Wheight of Seedlings (g)
Treatments
CPA CR MSP
Without application 115.74 a 104.81 a 122 a
An application 116.29 a 104.54 a 1.25a
Two applications 11742 a 105.11a 1.25a
Three applications 117.16 a 105.86 a 127 a
Four applications 11894 a 105,.67 a 1.29a
Five applications 122.77 a 107.27 a 1.29a
oV 1075 595 461

Note. CPA: Acrial part length; CR: root length; MSP: Dry mass of seedlings. Means followed by the same letter in
each column do not differ from each other by the Tukey test at the 5% probability level.

The accelerated aging test did not indicate influence of the different fungicide applications (Table 3). However, the
values of the electrical conductivity test presented in the same table, infer that without application, an application
and two applications treatments that do not differ statistically from each other, present statistical difference in
relation to treatments three applications, four applications and five applications.Through the electrical
conductivity data (Table 3) correlated with PMS and germination (Table 1), it can be inferred that the seeds that
received the highest number of fungicide application had higher quality. This is justified by the fact that the
increase of leachate solutes is directly related to the decrease in seed germination and vigor (Binotti et al., 2008;
Aisenberg et al., 2018). Similar results were found by Pinto et al. (2011), who did not observe a difference between
the treatments for the accelerated aging test, and also found that seeds that did not receive fungicide application for
the control of Asian rust obtained higher leaching of solutes, being considered of lower physiological quality.

Table 3. Average values of vigor based on the resistance and biochemical test of soybean seeds, according to the
number of fungicide application via leaf

Resistence test Biochemical test
Treatments
EA (%) CE (u S/cm/g)
Without application 99.00 a 9792 a
An application 98.66 a 91.18 ab
Two applications 98.66 a 91.12 ab
Three applications 96.00 a 89.75 be
Four applications 97.82a 85.66 ¢
Five applications 99.50 a 87.20 be
oV 259 2

Note. EA: Accelerated aging; EC: Electrical conductivity. Means followed by the same letter in each column do
not differ from each other by the Tukey test at the 5% probability level.
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The results of fungus incidence in seeds obtained in function of the use of different numbers of fungicide
application for the control of Asian rust in the soybean crop are presented in Table 4.

Table 4. Mean percentage data of fungi incidence in soybean seeds, according to the number of fungicide
application via leaf

Incidence of Pathogens (%)

Treatments
As. fla. Clad. Peni. Epic. Fus. Alter.

Without application 57 91 5 36 5 14
An application 49 91 7 13 3 3
Two applications 43 92 4 18 2 2
Three applications 51 33 1 12 5 4
Four applications 54 93 9 21 4 4
Five applications 23 96 4 22 5 6

Note. As. fla.: Aspergillusflavus spp.; Clad.: Cladosporium spp.; Peni.: Penicilium spp.; Epic.: Epicoccum spp.;
Fus.: Fusarium spp.; Alter.: Alternaria spp.

It was observed that all treatments presented the same genus of fungus, but with numerical differences, showing
not to be related to the different numbers of fungicide applications. The main genus detected in the seeds
wereAdspergillus spp., Penicillium spp. (Storage fungi) Cladosporium spp., Epicoccum spp., Fusarium spp. And
Alternaria spp. (Fungi field).Gagliardi et al. (2009) found that the fungicides used in the control of Asian rust do
not influence the infection of the seeds by these fungi. Studies have shown that seed contamination by fungi can
reduce physiological quality, inhibiting germination in some cases, and are also a source of primary inoculum for
the disease in the field causing damage to plants and consequently reduction in grain yield (Lasca et al., 1986).

4. Conclusion

Four applications of fungicide provided higher yield, higher seed weight and with percentage of germination
within the standards for commercialization.The sanitary quality of the soybean seeds was not influenced by the
number of fungicide applications.
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