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ABSTRACT: The boron (B) fertilization in soybean is important to ensure great yields. Boron
correction must be applied in deficient soils repairing losses, exports and leaching. The objective of this study
was to evaluate the effects of doses, methods and times of application of B in soybean B content and yield. The
field experiments were conducted during the 2015/16 and 2016/17 cropping seasons and set as a randomized
block design with nine treatments (0, 0.5, 1, 1.5, 2 kg ha™ of B, 0.5 kg ha™ of B mixed with NPK (02-28-18) in
furrow during sowing, foliar application with 0.3 kg ha™ of B in V4 soybean stage, foliar application with 0.3
kg ha'! of B in R1 soybean stage, and foliar application of 0.15 kg ha™ in V4 plus 0.15 kg ha™ of B in R1
soybean stage) and four replications. Boric acid was the B source and the variables analyzed were: B leaf
content, B exported in seeds, number of pods per plant, number of seeds per pod, weight of 100 seeds (g) and
productivity (kg ha™). The levels of B in leaf were between 30.1 and 43.8 mg kg™ and between 65.0 and 92.6
mg kg' in the 2015/16 and 2016/17 growing season, respectively. Exports of B in seeds were estimated
between 166 and 248 g ha” and between 208.9 to 260.8 g ha” in the 2015/16 and 2016/17 growing season,
respectively. Great productivity (3,820 kg ha™) was observed in the 2016/17 growing season, with an estimated

dose of 0.95 kg ha of B.
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INTRODUCTION

Soybean is considered one of the most
important crops in the world due to its high protein
content and several uses, enabling the formation of
large industrial sectors destined for its processing to
oil, meal and feed. In recent decades, there has been
a significant increase in the productive capacity of
the Brazilian soybean areas, mainly as a
consequence of scientific advances and the adoption
of new technologies for cropping.

Among these technologies there are the
production and use of high quality seeds and foliar
mineral fertilization (PESKE; BARROS; SCHUCH,
2012; SUZANA et al., 2012;). Special attention has
been devoted to the management of micronutrients
in the soybean culture. Boron (B) is a micronutrient
which its deficiency in agriculture is quite common,
especially in Cerrado (Savanh-like biome) soils, and
there still gaps regarding the best time and quantity
that must be applied during soybean cycle.

The soybean plant presents variable B
requirements according to its cycle phase
(vegetative or reproductive) (SANTOS et al., 2008).
Plants need the micronutrients for innumerous
physiological processes during their development,

during cell division, in the metabolism of nucleic
acid, in the germination of pollen grains and growth
of the pollen tube, in the synthesis of amino acids
and proteins and in the internal transport of sugars,
starches, nitrogen (N) and phosphorus (P)
(MASCARENHAS et al., 2014).

Boron is an essential element for plants
because it acts as an enzymatic regulator and in the
process of structuring and membrane functioning
(input and output of solutes), in the formation of cell
wall, synthesis and transport of carbohydrates,
protein synthesis, N fixation, photosynthesis and
plant growth, as well as provide plant resistance to
diseases (FERNANDES, 2006). In addition, B
fertilization improves flower fertilization, seed
formation, the meristem growth, cell differentiation,
maturation and division and interferes with the
retention of newly formed pods (PRADO, 2008).
However, the limit between deficiency and toxicity
to this element is very narrow, requiring greater care
in the management of B fertilization.

The B deficiency is general in the Brazilian
soils, especially in those soils found in the Cerrado
region, in sandy soils with low organic matter
content and where water stress regularly occurs
(TIRLONI et al., 2011). Boron is regularly exported
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by crops and the use of fertilizers and lime also
contributes to the insolubilisation of micronutrients
(SOARES; CASAGRANDE; ALLEONI, 2008).
According to Hansel; Oliveira (2016), the
conditions that favor the B deficiency are dry
seasons, elevated precipitation, low organic matter
content and soil pH in the range between 5 and 7.

For the majority of plant species B is a non-
mobile element and, as a consequence, the first
signs of symptoms of B deficiency arise in regions
of growth and increased demand like meristems.
The low B mobility due to its complex forms and
low solubility make it difficult to be redistributed
from more mature plant tissues. Thus, B is
necessary in constant supply during the vegetative
and reproductive stages of the plants
(MASCARENHAS et al., 2014). The B application
via soil or foliar is widely used in many crops as a
strategy to improve the survival of flowers, fruit
quality and stress tolerance. However, the
effectiveness of B fertilization to improve these
factors is variable in the literature (ROSS et al.,
2006; KHAYYAT et al, 2007).

The nutritional requirement of crops, in
general, becomes more intense with the beginning
of the reproductive stage. This increased demand is
due to the fact that the nutrients are essential to the
formation and the development of new reserve
organs (MALAVOLTA, 2006; GALLI et al., 2012).
The best results tend to be found when the B
application is performed in V6 to R5 soybean
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stages, where the plants need to absorb great
amounts of B for seed formation and filling
(RAIMUNDI; MOREIRA; TURRI, 2013).
According to Martin et al. (2014), the B
methods of application to plants involve the
application of B fertilizers via soil, prior or together
with crop sowing, or via foliar, alone or together
with agricultural pesticides. However, the efficiency
of foliar application can be compromised by
climatic conditions and by foliar absorption
efficiency, which varies for each plant species
(MARTIN et al., 2014). Therefore, the objective of
this study was to evaluate the soybean plant boron
content and yield in function of doses, times
(moment of application) and methods of application.

CONTENTS

The field experiment was conducted during
the 2015/16 and 20162/17 cropping seasons in the
Goias State University, Ipameri Campus, located at
the coordinates: 17°4320" South and 48°09'44"
West, at an altitude of 800 m above sea level. The
soil is classified as dystrophic Red-Yellow Latosol
(SANTOS et al., 2013). The climate of the region is
a transition between tropical climate with a dry
winter (Aw) and humid subtropical climate with a
dry winter and hot summer (Cwa) according to the
Koppen (ALVARES et al., 2013). Precipitation data
was recorded by a weather station in Ipameri during
both seasons (Figure 1).
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Figure 1. Precipitation (mm) in Ipameri county in 2015/16 and 2016/17 cropping season

The experimental design was set as
randomized blocks with nine treatments (0 (T1), 0.5
(T2), 1 (T3), 1.5 (T4), 2 (T5) kg ha” of B; 0.5 kg ha’
" of B mixed with NPK (02-28-18) in furrow during
sowing (T6); foliar application with 0.3 kg ha™ of B

in V4 soybean stage (T7); foliar application with 0.3
kg ha”' of B in R1 soybean stage (T8), and foliar
application of 0.15 kg ha in V4 plus 0.15 kg ha™ of
B in R1 soybean stage (T9)), and four replications.
The application mode was in total area for T1 up to
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T3, located in the sowing furrow (T6) and spray on
leaves (T7, T8 and T9). The application time was
prior to sowing for T-1 up to T-6; in the vegetative
stage V4 when the plants showed the fourth leaf
fully expanded (T-7); in the reproductive stage R1 at
the beginning of the flowering (T-8), and
application in divided doses in V4 and R1 soybean
stage (T-9).

The experimental plot consisted of six lines
of five (5) meters long, spaced by 0.45 m between
rows, considering useful area (3.6 m’) the two
central lines, avoiding 1 m at each end. Soil
chemical analyzes indicated: pH (CaCl,) = 4.8; P
(Mehlich) = 5.6 mg dm; soil organic matter (SOM)
=2.9dagkg"; K =46 mg dm™; Ca = 1.2 cmolc dm’
3 Mg = 0.4 cmolc dm?, H+Al = 3.8 cmolc dm™; B
= 0.34 mg dm>; Cu = 0.5 mg dm™; Fe = 43.0 mg
dm”, Mn =2.3 mg dm™; Zn = 1.4 mg dm” (SILVA,
2009); the soil texture analysis indicated 32% of
clay, 16% silt and 52% sand. Dolomitic limestone
(2.0 t ha') was applied 60 days before sowing
aiming to increase the soil base saturation to 60%.
The sowing fertilization was performed according to
soil analysis (ALVAREZ et al., 1999). Fertilizers
were applied in the furrow (450 kg ha™ of NPK 02-
28-18) corresponding to 9 kg ha™ of N, 126 kg ha™
of P,Os and 81 kg ha™ of K,O.

The sown occurred in the second half of
November of each cropping season (2015/16 and
2016/17) in no-tillage system, with the soybean
variety MO7739 IPRO, medium cycle (116 days),
aiming a plant population of 260,000 plants ha™.

The cultural management was performed in
a preventive manner to control diseases, pests and
weeds. In desiccation and in post-emergence
glyphosate (620 g L") herbicide was applied at the
doses of 3 and 2 L ha’, respectively. The seed
treatment was performed with Maxim Advance
(fungicide) (acilalaninato 20 g L', thiabendazole
150 g L™, fludioxonil 25 g L") at the dose of 100
mL of commercial product for each 100 kg of seeds,
with Cruiser (insecticide) (350 g L' of Tiametoxan)
at the dose of 200 ml of commercial product for
each 100 kg of seeds, and with inoculants
(Bradyrhizobium japonicum) at the dose of 250 g of
commercial product for each 100 kg of seeds.

Foliar diseases were controlled with
triflostrobina (150 g L™") and protioconazol (175.0 g
L") (fungicides) at the dose of 0.4 L ha™ of the
commercial product at the beginning of the
flowering; eighteen (18) days after, azoxystrobin
(200 g L") and cyproconazole (80 g L™
(fungicides), at the dose of 0.3 L ha' of the
commercial product. The occurrence of bedbugs at
the grain filling stage was controlled with
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imidacloprid (100 g L) and beta-cyfluthrin (12.5 g
L") (insecticides) at the dose 1 L ha' of the
commercial product. All applications were
performed with spray equipment pressurized with
CO; (3.0 bars), using black cone nozzle and flow
rate of 100 liters per hectare.

At full soybean flowering, leaves of the
third trifoliate from the apex were collected without
petioles from four (4) plants per plot at random. The
samples were gently washed with distilled water and
dried in an oven at 60 °C with forced ventilation for
48 h prior to the determination B content. The
extraction was performed by the method of dry
digestion in oven and the determination of B was
performed by spectrophotometry with azomethine-H
(SILVA, 2009).

The harvest was performed manually in the
second half of March. Ten (10) plants from the
useful area were evaluated for the following
parameters: number of pods per plant, number of
seeds per pod, weight of 100 seeds and productivity
(kg ha™) with seed moisture at 13%. The B seed
content was assessed similarly to the B leaf content
to estimate the quantity of B exported (SILVA,
2009).

The data were submitted to analysis of
variance by F test, and when differences were
significant the averages of the treatments where
compared by the Scott-Knott test (p < 0.05) and
regression for the 0 — 2 kg ha™ doses (Treatments
T1to T5).

The leaf and seed B content were not
significantly influenced by B fertilization in both
crop seasons (Table 1). The B in leaf in the 2015/16
cropping season ranged from 30.12 to 43.83 mg kg
indicating that all treatments were within the proper
B in leaf range - from 21 to 55 mg kg (SOUZA;
LOBATO, 2004). In the 2016/17 cropping season
the contents of B were greater than those observed
in the previous harvest, ranging between from 65 to
92.6 mg kg, an observation related to the greatest
rainfall the occurred in the vegetative stage of
development (Figure 1).

Boron is a nutrient that moves in soil
through mass flow, depending on soil water
availability which greatly contributes to improve
nutrient absorption when precipitation is great.

The results observed in this study did not
demonstrated toxicity symptoms regardless of the
treatment performed. According to Furlani et al.
(2001), B deficiency in soybean is observed when
the leaf content is lower than 25 to 30 mg kg™, and
the toxicity appears for contents above 83 mg kg,
depending on the cultivar and environmental
conditions.
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The results obtained in this study
corroborate with the results found by Rosolem
(2007), which reported B foliar values ranging from
25 to 55 mg kg™ as appropriated for great yields.
Rosolem; Zancanaro; Biscaro (2008), studying B in
soybean crops for a period of three years, verified
that the levels of B in leaf corresponded to B
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fertilization of 7.5 kg ha™ of B fertilizer. In other
study including soybean, Fageria (2000) found that
the limit of B toxicity is 155 mg kg, which was
41% above the greatest value found in this study,
indicating that no B toxicity happened in both crop
seasons evaluated.

Table 1. Boron content in leaves from plants in full flowering and boron exported with the harvested grains in
function of doses and methods of application in the 2015/16 and 2016/17 crop season.

2015/16 2016/17
Boron Dose Foliar Boron Grain Boron Foliar Boron Grain Boron
kg ha™! mg kg gha mg kg g ha
0 35.6a 144.8 a 78.0 a 219.1a
0.5 30.1a 2013 a 92.6a 3019a
1 342a 260.0 a 65.0 a 202.1a
1.5 372 a 203.0a 783 a 213.8a
2 36.7 a 187.0a 91.5a 224.0a
0.5+ NPK 322a 166.0 a 75.6 a 209.8 a
03V, 347 a 2100 a 8l.2a 211.2a
0.3 R, 41.0a 248.0 a 88.0 a 260.8 a
0.15V,4+0.15R, 438 a 187.0 a 789 a 2457 a
0—-2kgha'
Linear Reg. ns ns ns ns
Polynomial Reg. ns ns ns ns
CV (%) 16.6 25.4 21.7 35.0

CV: coefficient of variation. Averages followed by the same letter in column do not differ by the Scott Knott test (p > 0.05).

The B export in seeds was not influenced by
the B treatments (Table 1), with values raging
between 144.8 and 248.0 g ha”' and between 208.9
and 302.1 g ha™' of B in the 2015/16 and 2016/17
cropping season, respectively. The quantities
exported demonstrate that virtually all the doses
tested, regardless of the season or method of
application, are sufficient to compensate the loss of
B with the harvest. However, Rosolem et al. (2012)
demonstrated that a linear adjustment better
described the increments of B in cotton plants.

There were no differences for the number of
pods per plant between doses and application times.
The doses from 0 to 2 kg ha™ applied before sowing
were lower than the applications at R1, V4+R1 or B
+ NPK (Table 2). These times and methods of
application showed better results in the 2015/16
cropping season, which did not occur in the 2016/17
season, where no differences were observed among
methods and doses of B application. The greatest
number of pods per plant was observed for the foliar
application of 0.3 kg ha' of B applied at the

reproductive stage R1, reaching 83.2 pods per plant,
followed by treatments V4+R1 and B + NPK, with
69.75 and 65.75 pods per plant, respectively, in the
2015/16 season. In the 2016/17 cropping season
these treatments did not differ, with the foliar
applications of B in R1, V4+R1 and B + NPK
presenting 47.0, 42.2 and 41.0 pods per plant,
respectively. The fact of having produced a great
number of pods per plant in the season 2015/16 did
not reflected in increased productivity.

In both seasons no significant differences
were found for the number of seeds per pod and
weight of 100 seeds (Table 2). This is probably due
to the initial percentage of B in the soil which was
sufficient for the range of productivity verified.
Similar results were observed by Seidel; Basso
(2012), applying a product based on Ca and B in
soybean, the weight of 1000 seeds showed no
difference for applications in stages R2, R3 or R4,
possibly due to the adequate amount of B in the soil
and good water availability during the crop cycle.
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Table 2. Number of pods per plant, seeds per pod, weight of 100 seeds and productivity in function of doses

and methods of boron application.

2015/16 2016/17
Boron Dose Pod per Seedper 100seeds Yield Podper Seedper 100seeds Yield
kg ha Plant Pod Weight Kgha Plant Pod Weight Kgha
0 50,9 c 2,14a 15,7 a 2806 a 49,2 a 1,97 a 17,5 a 3353 a
0.5 58,1c 2,09 a 16,0 a 2643 a 49,5a 1,98 a 16,8 a 3717 a
1 57,6 ¢ 2,07 a 15,7a 2935 a 46,0 a 2,10a 16,9 a 3746 a
1.5 54,7 c 2,03 a 152a 2817 a 425a 2,09 a 17,1 a 3756 a
2 50,4 c 2,07 a 16,0 a 2758 a 45,5a 1,98 a 17,3 a 3202 a
0.5 + NPK 65,8 b 2,06 a 15,2 a 2921 a 41,0 a 2,10a 17,1 a 3797 a
03V, 51,0c 2,14a 152a 2716 a 41,0 a 2,11a 17,1 a 3419 a
03 Ry 832a 1,95a 16,0 a 2964 a 47,0 a 2,00 a 16,7 a 3470 a
0.15V4+0.15R; 69,8 b 2,04 a 16,5a 2995 a 42,2 a 2,12 a 17,2 a 3574 a
0—2kgha
Linear Reg. ns ns ns ns ns ns ns ns
Polynomial Reg. ns ns ns ns ns ns ns *
CV (%) 13,03 7,02 7,10 8,03 14,3 8,63 3,35 8,60

CV: coefficient of variation. Averages followed by the same letter in column do not differ by the Scott Knott test (p > 0.05).

Kappes; Golo; Carvalho (2008), assessing
foliar application in soybean crop, observed that the
time most suitable for B application is the RS stage,
differing from what was found in this study which
verified the R1 stage as the best period for B
application for the number of pods per plant in the
2015/16 crop season and not observed differences
between the treatments (times, methods and doses of
B in the 2016/17 crop season).

The B fertilization treatments were not able
to affect the number of seeds per pod when applied
before sowing, together with the NPK fertilizer, in
vegetative or reproductive stages. Seidel; Basso
(2012) found no differences when Ca and B were
applied to soybean crop for the number of seeds per
pod at the R2, R3 and R4 stages, similarly to the
results found in this study. However, Bevilaqua
Filho; Possenti (2002) observed that the Ca and B
application positively affected the number of seeds
per pod in common bean.

Calonego et al. (2010) concluded that foliar
B fertilization does not interfere with the 100 seeds
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weight and yield of soybean, corroborating the
results found in this study. Rosolem; Boaretto
(1989) reported that the largest supply of nutrients
to the soybean crop is between R1 and RS.
Therefore, since B is not translocated in soybean
plant via phloem, it should be reapplied in the
flowering or post-flowering stage for improved
effects on yield.

The soybean productivity was similar among
treatments in both seasons, however the soybean
productivity was superior in 2016/17, which could
be explained by the great rainfall occurred in that
period, and since no water deficiency occurred
during critical soybean stages it is assumed that B
was always available to soybean crop development.

In the 2016/17 crop season there was a
quadratic adjustment of the B doses applied before
sowing (0 — 2 kg ha™) for the variable productivity
where the 0.95 kg ha™ of B resulted in a grain yield
of 3,820 kg ha™' (Figure 2), which was above the
national average of 3,362 kg ha”' (CONAB, 2017).

y=-5304¢ +10084x +3341.9
R*=0.94

3100 -
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Boron dose (kg ha'!)
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Figure 2. Sobean productivity in function of boron doses appliedin the soil in pre-swin.
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According to Silva et al. (2017), studying B
application and soil water retention capacity, found
that the dose of 1 mg dm” of B resulted in an
additional production of 7 grams plant’ at a soil
water retention capacity of 70%.

The similarity of results among treatments
(times, methods and doses of B application) can be
attributed to the initial B quantity in the soil of the
area, which was 0.34 mg dm™, which is enough to
supply the demands required by soybean plants.
According to Seidel; Basso (2012), the similarity of
results for soybean vyield in different foliar
applications of Ca and B could also be justified by
their contents in the soil (0.38 and 0.25 mg dm>,
respectively) which were able to attend the crop
demands for these elements resulting in great crop
productivity for all treatments.

The number of pods per plant is superior
when boron is applied at the dose of 0.3 kg ha™ in
R1 soybean stage.
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The number of pods per plant is superior
when boron is applied at the dose of 0.3 kg ha™ in
R1 soybean stage.

The application of boron in different doses,
times and methods do not influence most of the
agronomic components evaluated.

Boron deficiency or toxicity in the leaf
analyzes were not identified.

Great soybean productivity (3,820 kg ha™)
was observed in the second season for the 0.95 kg
ha™' boron dose.
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RESUMO: A fertilizagdo de boro na soja € importante para garantir boas produtividades, corrigir solos

deficientes e repor perdas, exportacdo ou lixiviagdo. O objetivo deste estudo foi avaliar os efeitos de doses,
avaliar modos e épocas de aplicagdo de B na produtividade da soja. Os experimentos foram implantados na
Fazenda Experimental da UEG, Campus Ipameri, nas safras 2015/2016 e 2016/2017 com delineamento em
blocos ao acaso, com nove tratamentos e quatro repeticdes. 0,0; 0,5; 1,0; 1,5; 2,0 kg ha de boro, - 0,5 kg ha™
de B junto com NPK 2-28-18 no sulco de semeadura; aplicagio foliar com 0,3 kg ha™' de boro em V4; aplicacio
foliar com 0,3 kg ha™ de boro em R1; aplicacgio foliar de 0,150 kg ha” em V4 mais 0,150 kg ha™ de boro em
R1. Foi utilizado como fonte o acido borico. As variaveis respostas analisadas foram: teor na folha, exportagao
pelos graos, numero de vagens por planta, nimero de graos por vagem, massa de 100 graos e produtividade. Os
teores de B encontrados ficaram entre 30,12 e 43,83 mg kg na folha de soja na safra 2015/2016 e entre 65,0 ¢
92,6 mg kg na safra 2016/2017. As exportagdes de Boro foram estimadas entre 166 e¢ 248 g ha e 208,9 a
260,8 g ha"' na primeira e segunda safra, respectivamente. Houve maior produtividade na segunda safra (3820
kg ha™) com dose estimada de 0,95 kg ha™

PALAVRAS-CHAVE: Adubagio foliar. Acido borico. Glycine max. Micronutriente.

REFERENCES

ALVARES, C. A.; STAPE, J. L.; SENTELHAS, P. C.; MORAES, J. L.; GONCALVES, J. L. M;
SPAROVEK, G. Koéppen’s climate classification map for Brazil. Meteorologische Zeitschrift, Stuttgart, v. 22,
n. 6, p. 711-728, 2013. https://doi.org/10.1127/0941-2948/2013/0507

ALVAREZ, V., V. H.; NOVAIS, R. F.; BARROS, N. F.; CANTARUTTIL R. B.; LOPES, A. S. In: RIBEIRO,
A. C.; GUIMARAES, P. T. G.; ALVAREZ V., V. H. (Ed.). Recomendacio para o uso de corretivos e
fertilizantes em Minas Gerais. CFSEEMG, Vicosa: Comissdo de Fertilidade do Solo do Estado de Minas
Gerais, 1999. p. 24-32.

BEVILAQUA, G. A. P.; FILHO, P. M. S.; POSSENTIL, J. C. Aplicagéo foliar de célcio ¢ boro e componentes
de rendimento e qualidade de sementes de soja. Ciéncia Rural, Santa Maria, v. 32, n. 1, p. 31-34, 2002.
https://doi.org/10.1590/S0103-84782002000100006

Biosci. J., Uberlandia, v. 36, n. 6, p. 1999-2006, Nov./Dec. 2020
http://dx.doi.org/10.14393/BJ-v361n6a2020-48015



2005
Doses, methods and times. .. SILVA,R. C. D. et al.

CALONEGQO, J. C.; OCANI, K.; OCANI, M.; SANTOS, C. H. Adubagdo boratada foliar na cultura da soja.
Colloquium Agrariae, Presidente Prudente, v. 6, n. 2, p. 20-26, 2010.
https://doi.org/10.5747/ca.2010.v06.n2.a054

CONAB - Companhia Nacional de Abastecimento. Acomp. safra bras. graos, v. 4 Safra 2016/17 - Décimo
primeiro levantamento, p. 1-171 agosto 2017. Disponivel
em:<www.conab.gov.br/OlalaCMS/uploads/arquivos/16 02 04 11 21 34 boletim graos fevereiro 2016 _ok.
pdf>. Acesso em: 23 jun. 2017

FAGERIA, N. K. Niveis adequados e toxicos de boro na produgdo de arroz, feijao, milho, soja e trigo em solo
de cerrado. Revista Brasileira de Engenharia Agricola e Ambiental, Campina Grande, v. 4, n. 1, p. 57-62,
2000. https://doi.org/10.1590/S1415-4366200000010001 1

FERNANDES, M. S. Nutricao Mineral de Plantas. Sociedade Brasileira de Ciéncia do solo, 2006, 432p.

FURLANI, A. M. C.; TANAKA, R. T.; TARALLO, M.; VERDIAL, M. F.; MASCARENHAS, H. A. A.
Exigéncia a boro em cultivares de soja. Revista Brasileira de Ciéncia do Solo, Vicosa, v. 25, n. 4, p. 929-937,
2001. https://doi.org/10.1590/S0100-06832001000400016

GALLL J. A.; PALHARINI, M. C. A.; FISCHER, I. U.; MICHELOTTO, M. D.; MARTINS, A. L. M. Boro:
efeito na produgdo e qualidade de frutos de diferentes variedades de manga. Pesquisa & Tecnologia,
Campinas, v. 9, n. 2, p. 1-4, 2012.

HANSEL, F. D.; OLIVEIRA, M, L. Importincia dos micronutrientes na cultura da soja no Brasil. Informacdes
Agronodmicas, Piracicaba, v. 153, n. 1, p.1-8, 2016.

KAPPES, C.; GOLO, A. L.; CARVALHO, M. A. C. Doses ¢ épocas de aplicagao foliar de boro nas
caracteristicas agronomicas ¢ na qualidade de sementes de soja. Scientia Agraria, Curitiba, v. 9, n. 3, p. 291-
297, 2008. https://doi.org/10.5380/rsa.v9i3.11563

KHAYYAT, M.; TAFAZOLL, E.; ESHGHI, S.; RAJAEE, S. Effect of nitrogen, boron, potassium and zinc
sprays on yield and fruit quality of date palm. American-Eurasian Journal of Agriculture and
Environmental Sciences, Faisalabad, v. 2, n. 3, p. 289-296, 2007.

MALAVOLTA, E. Manual de nutricio mineral de plantas. Sao Paulo: Editora Agrondmica Ceres, 2006,
638 p.

MASCARENHAS, H. A. A.; ESTEVES, J. A. F.; WUTKE, E. B.; GALLO, P. B. Micronutrientes em soja no
estado de Sao Paulo. Nucleus, Ituverava, v. 11, n. 1, p. 179-198, 2014. https://doi.org/10.3738/1982.2278.1102

PESKE, S. T.; BARROS, A. C. S. A.; SCHUCH, L. O. B. Produgao de sementes. In:PESKE, S.T.; VILLELA,
F.A.; MENEGHELLO, G.E.. Sementes: fundamentos cientificos e tecnoldgicos. 3. ed. Pelotas: Editora
Universitaria, UFPel, p.13-104, 2012.

PRADO, R. M. Nutric¢ido de plantas. Sdo Paulo: UNESP, 2008, 408 p.

PRADO, R. M. Nutricio de plantas: diagnose foliar em grandes culturas. Jaboticabal: Capes/Fundes, p. 221-
240, 2008.

RAIMUNDI, D. L; MOREIRA, G. C; TURRI, L. T. Modos de aplicacdo de boro na cultura da soja.
Cultivando o Saber, Cascavel, v. 6, n. 2, p.112-131, 2013.

ROSOLEM, C. A.; BOARETTO, A. E. A adubagdo foliar em soja. In: BOARETTO, A. E.; ROSOLEM, C. A.
Adubacio foliar. Campinas: Fundagdo Cargill, p.500, 1989.

Biosci. J., Uberlandia, v. 36, n. 6, p. 1999-2006, Nov./Dec. 2020
http://dx.doi.org/10.14393/BJ-v361n6a2020-48015



2006
Doses, methods and times. .. SILVA,R. C. D. et al.

ROSOLEM, C. A. Produtividade maxima da soja. Rondonépolis: Fundagdo MT, p. 237-244, 2007. (Boletim
de Pesquisa de Soja).

ROSOLEM, C. A.; ZANCANARO, L.; BISCARO, T. Boro disponivel e resposta da soja em Latossolo
Vermelho-Amarelo. Revista Brasileira de Ciéncia do Solo, Vicosa, v. 32, n.6, p. 2375-2383, 2008.
https://doi.org/10.1590/S0100-06832008000600016

ROSOLEM, C. A.; DEUS, A. C. F.; MARTINS, P. O.; LELES, E. P. Actmulo ¢ distribui¢do de boro em
cultivares de algoddo. Revista Brasileira de Ciéncia do Solo, Vicosa, v. 36, n.4, p. 1231-1238, 2012.
https://doi.org/10.1590/S0100-06832012000400017

ROSS, J. R.; SLATON, N. A.; BRYE, K. R.; DELONG, R. E. Boron fertilization influences on soybean yield
and leaf and seed boron concentrations. Journal of Agriculture and Environmental Sciences, Madison, v.
98, n. 1, p. 198-205, 2006. https://doi.org/10.2134/agronj2005-0131

SANTOS, F.C.; NOVAIS, R.F.; NEVES, J.C.L.; FOLONI, J.M.; ALBUQUERQUE, F.M.R.; KER, J. C.
Produtividade e aspectos nutricionais de plantas de soja cultivadas em solos de cerrado com diferentes texturas.
Revista Brasileira de Ciéncia do Solo, Vigosa, v. 32, n. 5, p. 2015-2025, 2008. https://doi.org/10.1590/S0100-
06832008000500023

SANTOS, H. G.; JACOMINE, P. K. T.; ANJOS, L. H. C.; OLIVEIRA, V. A. V. LUMBRERAS, J. F.
COELHO, M.; ALMEIDA, J. A.; CUNHA, T. J. F.; OLIVEIRA, J. B. Sistema Brasileiro de Classificacao de
Solos. 3 ed. rev. ampl., Brasilia, DF: Embrapa, 2013, 353 p.

SEIDEL, E. P.; BASSO, W. L. Adubagcio foliar a base de calcio e boro no cultivo da soja (Glycine max).
Scientia Agraria Paranaenis, Marechal Candido Rondon, v.11, n. 2, p. 75-81, 2012.
https://doi.org/10.18188/1983-1471/sap.v1 In2p75-81

SILVA, F. C. Manual de analises quimicas de solos, plantas e fertilizantes. 2. ed. Brasilia: Embrapa, 2009,
627p.

SILVA, R. C. D.; SILVA JUNIORG. S.; SILVA, C. S.: SANTOS, C. T.; PELA, A. Nutrigdo com boro na soja
em funcdo da disponibilidade de 4gua no solo. Scientia Agraria, Curitiba, v.18, n.4, p.155-165, 2017.
https://doi.org/10.5380/rsa.v18i4.52762

SOARES, M. R.; CASAGRANDE, J. C.; ALLEONI, L. R. F. Adsorc¢do de boro em solos acidos em fun¢do da
variagdo do pH. Revista Brasileira de Ciéncia do Solo, Vicosa, v. 32, n.1, p. 111-120, 2008.
https://doi.org/10.1590/S0100-06832008000100011

SOUZA, D. M. G.; LOBATO, E. Cerrado: Corregao do solo e adubacdo. 2 ed. Brasilia: Embrapa Cerrados,
2004, 416 p.

SUZANA, C. S.; BRUNETTO, A.; MARANGON, D.; TONELLO, A. A.; KULCZYNSKI, S. M. Influéncia da
Adubagao foliar sobre a qualidade fisiologica das sementes de soja armazenadas. Enciclopédia Biosfera,
Goiania, v. 8, n. 15, p. 2386-2392, 2012.

TIRLONI, C.; DANIEL, O.; VITORINO, A. C. T.; NOVELINO, J. O.; CARDUCCI, C. E.; HEID, D. M.
Crescimento de Corymbia citriodora sob Aplicagdo de Boro nas Epocas Secas ¢ Chuvosas no Mato Grosso do
Sul, Brasil. Silva Lusitana, Lisboa, v. 19, n. 2, p. 197-206, 2011.

Biosci. J., Uberlandia, v. 36, n. 6, p. 1999-2006, Nov./Dec. 2020
http://dx.doi.org/10.14393/BJ-v361n6a2020-48015



