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Abstract

The purpose of this study was to evaluate the effect of different combinations of products applied through seed
treatment, associated with the inoculation, in the development of soybean plants. The experiment was conducted
in a greenhouse at Federal University of Lavras (UFLA). The experimental design was a randomized complete
block, with four repetitions in a factorial 4 x 11, being four soybean cultivars and 11 combinations of products
associated with the inoculation in the treatment of seeds. At the stage (R,) it was evaluated: plant height, leaf
area, foliar chlorophyll content, number of trifoliate leaves, dry shoot mass, dry root mass, root length, root
volume, nodules total number, viable nodules total number, nodules dry mass and foliar nitrogen content. The
combination of products in the treatment of seeds, do not present phytotoxic effects in the characters related to
the development, except for dry matter of aerial part and root volume. The combination of products in treatment
of seeds influences negatively the nodulation, especially in the treatments with presence of nematicide. The
inoculation performed in isolation or combined with fungicide and insecticide (I+FI) maintains nodule levels.
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1. Introduction

The success of soybean production (Glycine max L. Merrill) is related to the competitive capacity associated
with scientific advances and the availability of technologies to the productive sector (Hungria et al., 2005), as
well as by the correct use of diverse cultural practices. In this sense, the introduction of bacteria genus
Bradyrhizobium, which performs the biological nitrogen fixation (BNF), was one of the main boosters of
large-scale soybean cultivation in Brazil (Zuffo et al., 2015). This feature makes soybean cultivation viable, since,
without BNF, about 240 kg ha™ of N for a production of 3000 kg ha™', which would cause a significant increase
in the cost of production of soybean (Hungria et al., 2001).

Several other technologies have also been studied, aiming at best productive results for the soybean crop, for
example, the treatment of seeds, for the improvement and maintenance of seed quality (Cunha et al., 2015),
providing uniform stands. The use of seeds treated through the use of certain products has been a safe and
relatively inexpensive way of practicing the control of numerous pests and diseases whose causal agents are
transmitted by seeds or even inhabitants of the soil (Venegas et al., 2011).

The treatment of soybean seeds is an indicated technique since it is used products in the recommended dosage
and evenly distributed in the seeds (Avelar et al., 2011), as well as being able to eradicate pests and pathogens
present in seed, it is not toxic to plants, environment and human beings, in addition to presenting high stability,
adhesion and coverage, it is not corrosive, be of low cost and easy to acquire (Peske et al., 2006), and provide
compatibility with other products so that their mixtures do not interfere negatively on the seeds (Almeida et al.,
2014).
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As the perception of the value of the seed increases and the importance of protecting and improving its
performance, It grows in the market the availability of products for the treatment of seeds, with different
purposes, such as the biological nitrogen fixation (inoculant), protection and control of pests and diseases
(fungicides, insecticides or nematicides), nutrition (micronutrients), and rooting compounds, to improve seed
performance both physiologically and economically (Avelar et al., 2011).

Although seed treatment is a practice already established and routinely performed by producers, it has also a
deficiency on a thorough understanding of the influence of several chemicals and biological products offered by
the market, on the development of the crop (Souza et al., 2015). In the production of the soybean crop, which
aims to high yields, many products are recommended as nutritional additives, synthetic hormones, among others,
for use in seed treatment (Souza et al., 2015). As a greater supply of products on the market is observed, the
number of combinations of products to the same seed has increased in recent years. The mixture of products has
been recommended allowing to increase the number of targets to be controlled (Menten & Moraes, 2010; Juliatti,
2010).

The use of products in combination may compromise the development of the plants to be produced (Follmann et
al., 2014). On the other hand some studies in the literature have shown that even in the absence or at low levels
of harmful organisms to the crop, the combination of products has improved the development of cultures, with
greater vigor of plants, impacting positively on the grain yield (Ceccon et al., 2004).

Several studies have been conducted with the combination of products; however, they restrict the combination of
few products in associated with the inoculation, which does not report the current situation of seed treatment
performed by producers. Given the above, this study aimed to evaluate the effect of different combinations of
products applied through seed treatment, together with the inoculation on the vegetative development of soybean
plants.

2. Material and Methods
2.1 Location and Characterization of the Experimental Area

The study was conducted in a controlled environment (greenhouse), with a temperature of 2742 °C and relative
air humidity of 80+2%, in the crop science department at Lavras Federal University (UFLA) in Lavras, Minas
Gerais, Brazil (21°12’ S and 44°58’ W, with an altitude of 918 m), from November 2016 to January 2017. The
climate of the region is Cwa type, with annual average temperature of 19.3 °C and normal annual precipitation of
1.530 mm (Dantas et al., 2007).

The substrate used was removed from an area with no agriculture history, in which presents the chemical
composition of 2.40 g kg™ of organic matter equivalent; 5.49 of pH (CaCl,); 0.88 and 20.08 respectively for P e
K mg dm?; 0.33, 0.11, 0.10, 2.91, and 0.47 respectively for Ca, Mg, Al, potential acidity (H+Al) and sum of
bases (SB) cmol dm™; 3.37 cation exchange capacity (CEC) at pH 7.0; 23.96% for base saturation (V) The soil is
classified as a typical Dystrophic Red Latosol, according to the Brazilian System of Soil Classification (Santos et
al., 2013a), which presents clayey texture (65%), being added sand in the ratio 1:2 v/v, respectively.

The lime recommendation was performed according to the method of saturation with oxygen saturation ideal the
level of 70%. The dose per hectare was transformed to the volume of the nursery pot. First, the lime was added
to the substrate and allowed to stand for 30 days, during this period the soil was mixed up and irrigated.
Subsequently, the substrate was placed in nursery pots and then held the fertilization. The nutrients phosphorus
(P), potassium (K) and sulfur (S) were provided in doses of 200 mg/dm’, 150 mg/dm® and 50 mg/dm’,
respectively, as recommended by Malavolta (1980) and Novais et al. (1991). In addition, K was provided
through "potassium chloride' and the P and S by a type of superphosphate, called “super simples”.

2.2 Experimental Design

The experimental design was a randomized complete block with four repetitions, arranged in a factorial scheme
4 x 11, being composed of four soybean cultivars (M 5917 IPRO, M 5947 IPRO, M 6410 IPRO and Produza
IPRO) and eleven different combinations of fungicides, insecticides, nematicides, micronutrients and rooting
compounds associated with the inoculation in the treatment of soybean seeds. The seed treatment consisted in: 1)
Control (no treatment); 2) Inoculant; 3) Inoculant + rooting compound; 4) Inoculant + fungicide and insecticide;
5) Inoculant + micronutrient; 6) Inoculant + nematicide; 7) Inoculant + fungicide and insecticide + rooting
compound; 8) Inoculant + fungicide and insecticide + micronutrient; 9) inoculant + fungicide and insecticide +
micronutrient + rooting compound; 10) Inoculant + fungicide and insecticide + micronutrient + nematicide; 11)
Inoculant + fungicide and insecticide + micronutrient + nematicide + rooting compound.
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2.3 Conducting the Experiment

The products used were: Nitragin Cell Tech HC® liquid inoculant with bacteria of the genus Bradyrhizobium
Japonicum, containing SEMIA strains 5079 and 5080 (minimum concentration of 3 x 10° CFU per mL), 300 mL
p.c./100 kg of seeds; fungicide and insecticide: pyraclostrobin + thiophanate methyl + Fipronil (Standak®™
Top),100 g a.i./100 kg™ of seed; fertilization of liquid formulation Mo: 17.5%, Co: 1% (CoMo Plus 250), at a
dose of 200 mL p.c./100 kg of seed; rooting compound (Arrimo), 1 kg p.c./100 kg of seeds and nematicide -
Abamectin (Avicta 500 FS), 125 mL p.c./100 kg™ of seed.

The products were previously mixed in Becker and placed in plastic bags with a capacity of three liters, using
500 grams of seed. The set was stirred until homogeneous mixtures of seeds were obtained. After the treatment,
the seeds were placed in the shade for 2 hours, for drying of products on the surface of the seed. After this period,
the seeds were inoculated with bacteria of the genus Bradyrhizobium japonicum, whose bacterial concentration
is 3 x 10° UFC per mL.

Four seeds were sown in each pot, with a capacity of 12 dm™, at a depth of 1-2 cm. Subsequently, thinning was
performed, leaving two plants per pot. During the development of the plants weed control was done manually,
with no need for control of pests and diseases. Irrigation was performed in order to maintain the water content in
the soil with 2/3 of the field capacity.

2.4 Measuring of Variables

When the soybean plants were at the reproductive stage R; (beginning of flowering), they were collected for the
evaluations of the effectiveness of biological nitrogen fixation, through nodulation in accordance with Hungria et
al. (1997). It was also evaluated the characters:

Plant height (cm): determined from the surface of the substrate to the insertion of the last leaf with the aid of a
millimeter rule;

Foliar area (cm’): collected from each plant, the petiole was removed, subsequently, the leaves were placed
under a sheet of A4 paper white, and photographed with a digital camera (Samsung WB350F and resolution of
72 dpi (dots per inch). The images were processed by the Software Imagel]® (Powerful Image Analysis) (Collins,
2007). The images of leaves were captured by procedures of color contrast (being the dark colored leaf and
contrasting white background), and, through the comparison with the actual scale present, it was determined the
leaf area average;

Foliar chlorophyll content. We used the chlorophyll meter (clorofilLOG CFL 1030), together with an evaluation
of the third trefoil developed from top to bottom, measuring 3 different points in each trifolium, always in the
leaf limb between the midribs;

Number of trifoliate leaves: performed by visual counting;

Dry mass shoot/root (g): the plants were separated into shoot and root system, packed in paper bags and taken to
a forced circulation oven for 72 hours at 60 °C (£1.0 °C), aiming at the determination of the dry mass of roots
and shoots, weighed in analytical balance with a precision of 0.0001 g.

Root volume (cm’): determined by water displacement method, using a measuring cylinder of 100 mL graduated
in milliliters (mL), therefore, with accuracy of £1.0 cm’;

Root length (cm): After washing and drying, the roots were placed under a sheet of white A4 paper, and
photographed with a digital camera (Samsung WB350F and resolution of 72 dpi (dots per inch). The images
were processed by the Software Image]” (Powerful Image Analysis) (Collins, 2007). The images were captured
and, by comparison, with the actual scale presented, the root length was determined,

Number of total nodules (unit): the roots were carefully removed from the nursery pot and then washed in water
over a sieve, avoiding the loss of nodules. Then the nodules were detached and counted in each plant, obtaining
the average value of nodules;

Number of viable nodules (unit): The highlighted nodules from roots after total nodule counts were cut in half
with the help of scalpel, for internal color observation, which presented a pink color or reddish color indicating
symbiotic efficiency. Then the viable nodules were counted in each plant, obtaining the average value;

Dry mass of nodules (mg): the total nodules were packed in paper bags and taken to a forced circulation oven for
72 hours at 60 °C (+1.0 °C) and weighed in analytical balance with a precision of 0.0001 g, whereby the dry
mass of the nodules is obtained;
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Nitrogen content (%): The third or fourth leaf was sampled from the apex of the main stem and taken to a forced
circulation oven for 72 hours at 60 °C (£1.0 °C). Subsequently, this material was ground into Wiley mill
equipped with sieve mesh size 40, and the determination of leaf N was performed by the semi-micro analytical
Kjeldahl method, after sulfur digestion.

2.4 Experimental Statistical Analyses

After collection and tabulation of data, we performed the analysis of variance (ANOVA), and when significant
means were grouped by Scott Knott at 5% of probability, using the statistical program SISVAR® version 5.3 for
Windows (Software of Statistical Analyzes, UFLA, Lavras, MG, BRASIL).

3. Results and Discussions

According to the results of the analysis of variance, there were statistical differences between the cultivars (p <
0.01) in all evaluated characters (Table 1). Plant height, leaf area, root volume, number of total nodules, total
number of viable nodules, nodule dry mass and leaf nitrogen content were significantly (p < 0.01) influenced by
seed treatment. Similar results were obtained by Conceigdo et al. (2014) and Cunha et al. (2015), where the
authors found no significant effect of seed treatment on soybean development.

Table 1. Variance analysis summary for plant height (PH - cm), leaf area (LA), chlorophyll content (CC), number
of trifoliate leaves (TL), dry mass shoot (DS), dry mass root (DR), root length (RL), root volume (RV), total
number nodules (TN), number of viable nodules (VN), nodules dry mass (ND) and foliar nitrogen content (NC)
for the soybean cultivars (C) and combinations of products in seeds treatment (ST). Lavras, MG, Brazil, 2017

SV DF prob > Fc
PH LA CcC TL DS DR RL RV TN VN ND NC
C 3 sk sk Kk sk sk sk sk Kk sk sk Kk sk
CxST 30 NS NS NS NS NS NS NS NS NS NS NS NS
cVv 75 1Ll 43 109 130 185 98 97 164 195 140 100
GA 23.3 28.5 28.7 8.7 1.7 2.5 56.3 38.7 342 26.2 0.15 2.2

Note. (prob > Fc). ** Significant at 1% (< 0.01), * Significant at 5% (< 0.05), and (NS) Not significant
according to the F. Average tests followed by the same letter, in column, do not differ from each other, at 5%
probability by the Scott Knott test. CV: Coefficient of Variation (%). GA: General Average. Fc: F calculated.

For cultivars evaluated, we observed a higher plant height, foliar chlorophyll content and dry shoot mass to the
cultivar Produza IPRO (Table 2), however greater leaf area was observed for the cultivars M 5917 IPRO and M
5947 IPRO. The cultivar with lowest development of leaflets was the M 5917 IPRO, with an average of eight
trifoliate leaves. These variations are related to differences in genetic background, growth habit, and other
attributes (Soares et al., 2015; Felisberto et al., 2015).
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Table 2. Phenotypic average of plant height (PH - cm), leaf area (LA - cm?), chlorophyll content (CC - SPAD

index), number of trifoliate leaves (TL), dry mass shoot (DS - g), dry mass root (DR - g), root length (RL - cm),

root volume (RV - cm’), total number nodules (TN), number of viable nodules (VN), nodules dry mass (ND - mg)
and foliar nitrogen content (NC - %) for the soybean cultivars (C) and combinations of products in seeds

treatment (ST). Lavras, MG, Brazil, 2017

PH LA CcC TL DS DR RL RV TN VN ND NC

Cultivars (C)

M59171PRO  21.2¢ 29.0a 285b 8b 14d 23c¢c 562a 353b 33b 27a 0.17a 23a
M 5947IPRO 222b 295a 287b 9a 17b 22c¢ 576a 361b 39a 28a 0.15b 22D
M 6410IPRO 22.6b 280b 284b 9a 1.6¢c 25b 590a 371b 38a 28a 0.13c 21D
Produza [IPRO 27.1a 273b 293a 9a 20a 3.0a 522b 463a 27c 22b 0.14b 23a

Seeds Treatment (ST)

C 21.0b 253b 279a 8a 13c 23a 594a 379b 36b 28b 0.15a 2.1b
1 219b 28.1a 286a 8a 19a 23a 542a 402a 40a 32a 0.15a 23a
+E 242a 284a 282a 9a 18a 27a 566a 415a 34b 26b 0.14a 23a
I+F1 240a 282a 287a 9a 18a 28a 568a 40.1a 39a 32a 0.15a 23a
+M 23.1a 293a 292a 9a 16b 25a 543a 4l.1a 34b 26b 0.16a 23a
I+N 234a 282a 29.0a 9a 16b 24a 563a 386a 28c 19c¢ 0.14b 20b
I+FI+E 248a 293a 292a 9a 19a 25a 542a 415b 36b 29b 0.16a 23a
I+FI+M 234a 282a 287a 9a 17b 2.6a 568a 334c 36b 28b 0.15a 23a

I+FI+M+E 23.0a 282a 288a 9a 16b 26a 553a 348c 35b 28b 0.15a 24a

[+FI+M+N 238a 298a 293a 9a 17b 27a 547a 388b 29c¢ 20c 0.12b 2.1b

[+FI+M+N+E 23.7a 30.1a 287a 9a 1.6b 26a 574a 377b 30c 22c¢c 0.12b 2.0b
Note. Seed Treatment: C: Control (No treatment); (I) Inoculant; (FI) fungicide and insecticide; (M) micronutrient;
(N) nematicide and (R) rooting compound. T1: (C); T2: (I); T3: (I+R); T4: (I+FI); T5: (I+M); Te: (I+N); T7:
(I+FI+R); T8: (I+FI+M); T9: (I+FI+M+R); T10: (I+FI+M+N) e T11: (I+FI+M+N+R).

In relation to the root length, the highest values were for the cultivars M 5917 IPRO, M 5947 IPRO, M 6410
IPRO, who showed 56.28, 57.67 and 59.05 cm, respectively (Table 2). However, higher dry mass shoot/root and
the root volume were observed for the cultivar Produza IPRO, which can probably be explained by the higher
developments of lateral roots in relation to the main root length (pivoting) in this cultivar.

For the character number of nodules and total number of viable nodules was observed lower nodulation for both
characteristics when used the cultivar produza IPRO, respectively with 27 and 22 nodules, which represents a
nodulation 31% below the other cultivars, which had a direct result on the dry mass of nodules (0.144 mg), one
of the lowest presented among the cultivars studied.

However, the highest leaf nitrogen content was observed for the cultivars M 5917 IPRO and Produza IPRO,
which despite having a lower number of total nodes, obtained a higher nodule/total nodule dry mass ratio with
0.0051 and 0.0053 mg/node respectively, when compared the cultivars M 5947 IPRO (0.0038 mg/node) and M
6410 TPRO (0.0035 mg/node), that is, the nodules of cultivars M 5917 IPRO and Produza IPRO were in smaller
numbers, even though bigger. According to Hungria et al. (2001) in addition to the number of nodules, it is
essential to check the size of the nodules, since it is desirable to have nodules with size equal to or greater than 2
mm, which are the nodules with the greatest N, fixation capacity.

For the source of variation in seed treatment, differences were observed between treatments for plant height, leaf
area, and root volume, number of nodules, total number of viable nodules, nodule dry mass and leaf nitrogen
content (Table 2). It is observed that the association of the products in the treatment of seeds, promoted an
increase in plant height and foliar area of plants, obtaining values higher than those found for the control and
also for the treatment in the presence of inoculation in an isolated way. According to Taiz and zeiger (2012), the
use of these products in the treatment of seeds tend to modulate the cellular processes, interacting with specific
proteins called receptors, enabling the plants to have a better development, making them more vigorous.

For the variables of foliar chlorophyll content, number of trifoliate leaves, dry mass root and root length, no
difference was observed between the evaluated treatments (Table 2), which shows that the combination of
different products in the treatment of seeds was not harmful to the development of plants for these variables.
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Absence of phytotoxic effect was also observed by Cunha et al. (2015) and Balardin et al. (2011), who evaluated
the effect of seed treatment on the development of soybean plants, for the same variables studied. According to
Conceigao et al. (2014), these results point out the efficiency of seed treatment, though in order to be considered
effective; it must not have phytotoxic effect on the physiological quality of the seeds, as well as the development
of the plants.

However, for the variable dry mass shoot (Table 2), the best performance of plants were obtained when used the
treatments inoculated with isolated form (I) and the combination of the inoculation with fungicide + insecticide
(I+FI) and rooting compound (I+R) or by a combination of all of these products (I+FI+R). Similar results were
observed by Balardin et al. (2011), evaluating the dry mass shoot of soybean plants. However, for the variable in
question Cunha et al. (2015) found no difference between the treatments. For the root volume (Table 2), it was
observed higher ratio in plants that contained the inoculation treatments in an isolated form (I) and the
combination of inoculation with fungicide and insecticide (I+FI), micronutrient (I+M), nematicide (I+N) and
rooting compound (I+R). Similar results were observed by Dan et al., (2010) where the use of products in an
isolated seed treatment way, allowed to obtain better results, when compared with combination products,
nevertheless evaluating the seed quality.

When we evaluated the number of total nodules, number of viable nodules, nodule dry mass and leaf nitrogen
concentration (Table 2), it was possible to observe that the greatest number of nodules and total viable were
obtained when used the treatments inoculated in isolated form (I) and the combination of inoculation with
fungicide and insecticide (I+FI). For the remaining treatments, there was a phyto-toxic effect, which resulted in a
reduction in the number of total nodules and viable nodules, with special emphasis on treatments that showed
nematicide (N), either isolated or combined with other active ingredients, with inhibition of total nodes close to
30% and 40% for viable nodules.

With the reduction in the number of total and viable nodules caused in treatments with nematicide (N), they also
presented lower dry mass of nodules and lower leaf nitrogen content, reaching values of leaf nitrogen content
lower than those found in the control (C) in which seed inoculation was not performed (Table 2). Similar results
were obtained by Santos et al. (2013b), evaluating the effect of seed treatment on nodulation and initial growth
of soybean crop, where the treatment of seeds in the presence of nematicides caused inhibition in the number of
nodules.

The inhibition of the number of nodules may be related with the active principles, as well as the inert of these
products used in the treatment of seeds, or even the changes in the pH of the spray mix in contact with the soil,
when applied to the soil, or in the formulation of seed treatment, which includes in addition to the fungicides,
insecticides and inoculant, and many times are increased with nutrients, growth regulators or resistance inducers,
products capable of making pH more acid and spray mix more harmful to the diazotrophic bacteria (Silva et al.,
2011).

In the control treatment (C), in which the inoculation of seeds with the bacteria Bradyrhizobium japonicum, was
not carried out, it is noticed that the plants have developed and presented nodulation. Probably, this fact is related
to the native bacteria in the soil, besides the organic matter present in the soil, since removal and stirring of the
soil in order to mix the lime, there is an increase of sites of exposure to microbial attack and subsequent
mineralization as reported by Miranda and Macedo (2001). The presence of nodules even in the absence of
inoculation was also verified by Zuffo et al. (2015). It is suggested low efficiency of the nodulation present in the
control treatment (C), since, the results were mostly lower to the parameters evaluated, except for the treatments
with presence of nematicides, where there was a phyto-toxic effect of this product, reducing the number of
nodules below the control treatment for the number of total nodules, number of viable nodules and nodule dry
mass (Table 2).

4. Conclusions

The combination of products in the treatment of seeds with the products tested, do not present phytotoxic effects
in the characters related to the development, except for dry matter of aerial part and root volume. The
combination of products in treatment of seeds influences negatively the nodulation, especially in the treatments
with presence of nematicide. The inoculation performed in isolation or combined with fungicide and insecticide
(I+FI) maintains nodule levels.
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