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ABSTRACT

The soybean chemical composition is strongly
influenced by genetic factors, as well as their interaction
with the environment and management practices. Among the
environmental factors, water deficit and temperature are those
that most contribute to modify the chemical composition of
beans, especially oil and protein contents. The present study
aimed to assess the effects of co-inoculation with Azospirillum
brasilense on soybean oil and protein contents. Two field
experiments were carried out on different sowing dates. The
design consisted of randomized blocks, in a split-split-plot
arrangement, with four replications, including two irrigation
depths (25 % and 100 % of the ETc), two inoculation methods
[Bradyrhizobium japonicum (strains Semia 5079 and Semia
5080) and Azospirillum brasilense (strains AbV, and AbV, +
Bradyrhizobium japonicum)] and two cultivars (ANTA 82 and
TMG 132). The co-inoculation did not affect the oil and protein
contents of beans for any of the assessed management
conditions. The water deficit in the reproductive stage, combined
with the sowing dates, altered the oil and protein contents in both
the assessed cultivars, showing, respectively, a higher average
protein and oil content in the beans for the cultivars TMG 132
and ANTA 82.

RESUMO

Efeito do déficit hidrico e épocas de semeadura
nos teores de 6leo e proteina em soja coinoculada com
Azospirillum brasilense

A composicdo quimica dos graos de soja ¢ fortemente
influenciada por fatores genéticos, bem como sua interagdo com
o ambiente e praticas de manejo. Entre os fatores ambientais, o
déficit hidrico e a temperatura sdo os que mais contribuem para
alterar a composicao quimica dos graos, especialmente o contedo
de 6leo e proteina. Objetivou-se avaliar os efeitos da coinoculag@o
com Azospirillum brasilense sobre os teores de 6leo e proteina da
soja. Foram realizados dois experimentos em campo, em épocas
de semeadura distintas. O delineamento utilizado foi em blocos
casualizados, em esquema de parcelas subsubdivididas, com quatro
repetigdes, composto por duas laminas de irrigagdo (25 % e 100 %
da ETc), dois métodos de inoculagao [ Bradyrhizobium japonicum
(estirpes Semia 5079 e Semia 5080) e Azospirillum brasilense
(estirpes AbV, e AbV, + Bradyrhizobium japonicum)] e duas
cultivares (ANTA 82 e TMG 132). A coinoculagdo nao afetou o teor
de 6leo e proteina dos graos em nenhum dos manejos avaliados.
O déficit hidrico no estadio reprodutivo, aliado as épocas de
semeadura, alterou os teores de 6leo e proteina nas duas cultivares
avaliadas, apresentando, respectivamente, maior teor médio de
proteina e dleo nos graos para as cultivares TMG 132 e ANTA 82.

KEYWORDS: Glycine max (L.) Merrill., rthizobacteria, abiotic
stress.

INTRODUCTION

Soybean is an important source of oil and protein
for human and animal nutrition (Hartman et al. 2011).
Its seeds contain about 40 % of protein and 20 % of
oil, accounting for 70 % of the world protein from flour
and 29 % of vegetable oil consumption (ASA 2018).

Although the soybean chemical composition
is expressed genetically, environmental factors also

PALAVRAS-CHAVE: Glycine max (L.) Merrill, rizobactéria,
estresse abidtico.

influence the concentration of components (Wang
et al. 2015). Water deficit has been indicated as
a decisive factor in the dynamics of forming and
accumulating reserves in the seeds.
Mertz-Henning et al. (2018) observed
that drought conditions during the reproductive
phase of soybean seeds favor an increase in the
protein content and a decrease in the oil content.
Ghassemi-Golezani & Lotfi (2013) also had similar
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results with soybean plants under water deficit during
the grain-filling stage. Albrecht et al. (2008) found
an increased protein content under water deficit.
However, they also observed an increased oil content
at high temperatures.

The several environmental factors that
affect the soybean chemical composition need
further studies. The sowing dates are essential in
this dynamic. The environmental variables change
significantly between the planting dates, especially
air temperature and water availability, which may
modify the oil and protein yield per unit area
(Bellaloui et al. 2011). Thus, it is imperative to look
for management alternatives to reduce the adverse
effects of the environment on crops.

Many studies have been developed on
plant growth-promoting rhizobacteria, which is
a potentially viable technology (Hungria et al.
2013, Zahedi & Abbasi 2015, Zuffo et al. 2016).
Regarding soybean, many countries have already
employed Azospirillum brasilense associated with
Bradyrhyzobium japonicum, a technique known as
co-inoculation (Hungria et al. 2013).

Among the benefits attributed to co-
inoculation, many studies have already showed a
better drought tolerance. Zahedi & Abbasi (2015)
observed that the morphological characteristics of
soybean plants improved under water stress. Naoe et
al. (2020) also found a positive response in the yield
of soybean submitted to drought. However, there is a
lack of concise data for the effects of plant-bacteria
interaction on the chemical composition of beans.

The present study aimed to assess the effects
of co-inoculation with Azospirillum brasilense on
oil and protein contents, for two soybean cultivars
submitted to water deficit on two sowing dates.

MATERIAL AND METHODS

The study was conducted at the Universidade
Federal do Tocantins, in Palmas, Tocantins state,
Brazil (10°12°46’S, 48°21°37”W and 260 m of
altitude). Successive plantings were carried out
on two sowing dates, with the soybean cultivars
ANTA 82 and TMG 132. The first sowing date (D1)
was June 2, 2016, and the second (D2) was July 1,
2016, both in the off-season.

The regional climate is humid tropical, with
a well-defined dry season (Aw) in the winter, which
contributes to the high temperatures in the area

(Alvares et al. 2013). The average annual potential
evapotranspiration is 1,500 mm, with an average
annual temperature and precipitation of 24.9 °C and
1,642.9 mm, respectively (Rolddo & Ferreira 2019).

Figure 1 shows the climate data observed in
the two experiments.

The average reference evapotranspiration
(ETo) for the period was 151.12 mm, as measured
by the Penman-Monteith-FAO method (Allen et al.
1998), with cumulative precipitation of 127 mm, as
in the readings of the meteorological station installed
in the experimental area.

The soil of the experimental area is classified
as an Oxisol (Santos et al. 2013), with loam sandy
texture, pH 4.9, available concentrations of P and K
of 3.00 and 26.00 mg dm= (ppm), respectively; Ca
and Mg concentrations of 1.5 and 0.7 cmol dm~,
respectively; and base saturation of 54.44 %. The
mean soil bulk density was 1.55 g cm?, with 82 %,
13 % and 5 %, respectively, for sand, silt and clay. The
volumetric moisture at field capacity and permanent
wilting point were 0.33 and 0.12 m®, respectively.

Fertilization was carried out following the
technical recommendations for soybean cultivation
(Embrapa 2000) in soil prepared 15 days before
planting. It consisted in the application of 400 kg ha!
of simple superphosphate, corresponding to 80 kg of
P,O, ha", approximately.

The experimental design was randomized
blocks, in a split-split-plot arrangement, with four
replications. The plots consisted of two irrigation
depths (I1: 100 % of the ETc; 12: 25 % of the ETc,
starting at R3). The effects of the inoculation methods
were evaluated in the split plots. The split-split
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Figure 1. Average maximum (Tmax) and minimum (Tmin)
temperatures, relative humidity (RH), total reference
evapotranspiration (ETo) and precipitation (Prec), in
Palmas, Tocantins state, Brazil, in 2016.
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plots were used to assess the effect of the cultivars
TMG 132 and ANTA 82 of medium and early cycles,
respectively.

Two irrigation depths were adopted: a) full
irrigation (I1), with a water depth of 100 % of
the ETc applied daily throughout the entire cycle;
b) water deficit (I12), in which the treatments were
subjected to water stress, starting at R3 (pod
formation), and the daily depth applied was 25 % of
the ETc until the end of the cycle. Gava et al. (2016)
indicated the beginning of the pod formation stage
(R3), followed by grain filling, as the most sensitive
stage to water deficit. Nunes et al. (2016) found
adverse effects in soybean grown under severe water
deficit (25 % of the ETc), in correlated Brazilian
Savanna areas.

Irrigation was carried out by a dripping system
with a flow rate of 1.7 L h''. Drippers were placed
every 0.2 m, with four lines per treatment, in plots
with 5.0 m long. The spacing was 0.5 m between
rows and plants, with a density of 15 plants m™. For
the plot, the usable area of 3 m?> was considered,
eliminating the border effect. On both sowing dates,
the treatments were divided into inoculation methods
and irrigation depths.

The inoculation methods were: a) inoculation
with 600 mL 50 kg! of Bradyrhizobium japonicum
(strains Semia 5079 and Semia 5080 - 5.0 x 10? viable
cells mL™1); b) co-inoculation with 600 mL 50 kg!
of Bradyrhizobium japonicum seeds + 400 mL ha™!
of Azospirillum brasilense (strains AbV_ and AbV -
2.0 x 108 viable cells mL!"). Both application methods
were employed in the furrow immediately after
sowing, using a backpack sprayer.

The plants were harvested manually after
the R8 stage (full maturation). The soybean was
then threshed from the pods in a stationary trailing
machine, cleaned with the aid of sieves, dried
under natural conditions, packed in paper bags and
refrigerated until chemical analysis.

The oil and protein contents of the beans were
determined by employing near-infrared spectroscopy
(NIR Thermo Scientific equipment, Antaris II), in
accordance with Oliveira et al. (2018).

The data were subjected to an individual
analysis of variance, followed by the joint analysis
when homogeneity of variances was verified. The
means were grouped by the Scott-Knott test at 5 %
of significance. The statistical software Sisvar 5.0
(Ferreira 1998) was also employed.

RESULTS AND DISCUSSION

Only double and triple interactions were
considered in the analysis of variance for the oil
and protein contents (Table 1). Due to the low
applicability of quadruple interactions, the degree of
freedom of this interaction was adjusted to the final
residue, thus increasing its accuracy, as recommended
by Pimentel-Gomes (2009).

Among the effects tested in isolation, only
cultivars (C) had a significant response to the oil and
protein contents, showing that these characteristics
are related to genetic factors, as demonstrated by Li
etal. (2019). The sowing dates (D), irrigation depths
(I) and inoculation methods (IM) did not individually
affect the characteristics assessed in this study.

When the double I x D interaction was
considered, only the protein content was significant,
showing that this characteristic is more sensitive to
environmental variations. According to Benzain &
Lane (1986), the protein content in grains depends on

Table 1. Joint analysis of variance for oil content (OC) and
protein content (PC) of soybean cultivars (C) sown on
two dates (D), under two irrigation depths (I) and two
inoculation methods (IM).

Mean square

SV DF 0C (%) PC (%)
D 1 1.20m 2.10m
Block 3 0.06™ 0.12rs
Error 1 3 0.120 0.33ms
1 1 1.147m 3.76™
IxD 1 1.70m 15.95*
Error 2 6 0.34" 0.87™
M 1 1.420 0.045v
IMxI 1 5.65m 6.65m
IMxD 1 0.82m 1.46™
IMxIxD 1 0.48" 1.02
Error 3 6 1.96™ 3.70
C 1 49.28%* 59.25%%*
CxD 1 45.98** 49.51**
CxlI 1 0.26™ 0.04"s
CxIM 1 0.11m 0.00"
CxDxI 1 14.30%* 40.09%**
CxIMxI 1 2.53ms 4.45m
CxIMxD 1 0.29rs 0.15m
Error 4 31 0.97 2.16™
CV, (%) 1.60 1.45
CV, (%) 2.62 2.37
CV; (%) 6.23 4.86
CV, (%) 4.40 3.71

* Significant at 0.05 of probability according to the F-test; ™ not significant.
SV: source of variation; DF: degree of freedom; CV: coefficient of variation.
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the environment four times more than on the cultivar,
if compared to the oil content.

The double (IM x I; IM x D; C x IM) and triple
(IMxIxD; CxIMxI; CxIM x D) interactions,
in which the inoculation methods were considered,
did not affect the oil or protein content in the beans.
According to Hungria et al. (2013), Zahed & Abassi
(2016) and Naoe et al. (2020), co-inoculation improves
the soybean agronomic characteristics and yield in
adverse conditions such as drought. However, in the
present study, the effects of this technique for increasing
the soybean oil or protein content were not verified.

In the C x I interaction, no significant effects
were observed for oil and protein contents, indicating
that the cultivars behaved similarly under different
irrigation managements.

In the C x D x I interaction, significant effects
were observed for the oil and protein contents,
emphasizing that the chemical composition of beans
occurs mainly due to genetic and environmental factors.

Table 2 shows the average rates of oil content
of soybean originated from the C x D x I interaction.

In assessing the oil content between the
irrigation depths on each sowing time and for
each cultivar, it was observed that, for the cultivar
ANTA 82, the I1 increased the oil content on
D1, when the average temperatures were higher
(Figure 1), corroborating the results by Mourtzinis
etal. (2017). On D2, when the average temperatures
were milder, the oil content increased during the 12
for this cultivar. Even though precipitation occurred
in September and October (Figure 1), the water
balance during the experiment guaranteed the water
stress defined for the 25 % of the ETc depth.

According to Li et al. (2019), although the
oil content is genetically ruled, it is also strongly
influenced by environmental factors. These results

Table 2. Average oil content of two soybean cultivars submitted
to two irrigation depths (I), on two sowing dates.

Oil content (%)

I —ANTA82 —— ——TMG 132 ——
D1 D2 D1 D2

Il 23.32 aAl1* 23.49bAl1 22.02aAl 20.45aB2

12 22.01bB1 25.12aAl1 23.18aAl 20.19 aB2

* Averages followed by the same lowercase letter in the column (irrigation depths)
and uppercase letter in the row (sowing dates) belong to the same statistical group
by the Scott-Knott test at 5 % of significance; while averages followed by the
same number in the row (cultivars) belong to the same statistical group by the
Scott-Knott test at 5 % of significance. I1: irrigation depth 1 (100 % of the ETc);
12: irrigation depth 2 (25 % of the ETc); D1: date 1; D2: date 2.

are in line with those found by Albrecht et al. (2008),
Bruno et al. (2015) and Faria et al. (2018), who also
observed an increased oil content in grains of plants
grown under high temperatures and/or with less
water availability in the grain-filling stage. However,
Rotundo & Westgate (2009) observed an overall
negative impact of the water deficit on the oil content
of soybean seeds in general.

The cultivar TMG 132 suffered no effects on
its oil content between the irrigation depths on the
two sowing dates (Table 2). This probably occurred
because this cultivar has a better physiological and/or
biochemical response to changes in water availability,
so that the water factor, separately, may not have been
determinant between the assessed conditions (D1 and
D2). Naoe et al. (2020) observed a higher yield for
the cultivar TMG 132 than for ANTA 82, even under
conditions of water restriction. This condition of
higher yield may be linked to a better photosynthetic
efficiency and, consequently, a greater availability of
energy for the plant, which may reduce the climatic
influence on the seed chemical composition.

Water stress adversely impacts many
physiological and biochemical aspects of plants,
causing them to develop complex adaptations to
adjust to a new environmental condition (Osakabe
et al. 2014). These adaptations may lead to stomatal
closure, repression of cell growth and reduced
photosynthetic rate (Lin et al. 2018). The degree of
response to environmental variations is related to the
genotype, what may explain these results. Besides,
medium-cycle cultivars, if compared to early-cycle
cultivars, would have more time to recover from
adverse environmental conditions.

Between the sowing dates (Table 2), the
cultivar ANTA 82 kept the same behavior within
I1, that is, with a high water availability, and the
temperature difference recorded between the dates
(Figure 1) did not interfere in the biosynthesis of
oil in the seeds. Assefa et al. (2019) carried out a
broad study on the effects of sowing dates on the
chemical composition of soybean and observed that
low latitude areas may cause an absence of response
to the oil and protein contents in grains, but the way
each genotype interacts with environmental variables
may vary in different planting windows.

Under water restriction (I12), D2 induced a
higher average of oil content for the cultivar ANTA 82
(Table 2). However, the cultivar TMG 132 showed
a higher oil content at D1, regardless of water
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availability. Although the oil content is strongly
linked to genetic responses, this data reinforces the
idea that temperature is also an important factor in
the biosynthesis of this compound. Ren et al. (2009)
observed a positive correlation between temperature
and oil accumulation in the grains.

Assessing the cultivars, no significant differences
were detected in the oil content on D1 for both irrigation
depths, that is, both cultivars showed the same behavior
under different water availabilities (Table 2). On D2,
regardless of water availability, ANTA 82 had a higher
oil content, when compared to TMG 132.

The oil content ranged between 22.01 %
and 25.12 % for ANTA 82 and between 20.19 %
and 23.18 % for TMG 132, indicating an average
increase of 14 % in the oil content in each cultivar.
All higher averages of ANTA 82 were obtained in 12,
corroborating Sepanlo et al. (2014), who also observed
an increase in the oil content of soybean seeds under
water deficit. In the present study, however, this
occurred on different sowing dates, showing the
different behavior of this cultivar under water deficit.

Table 3 shows the average protein content
resulting from the triple C x D x I interaction.

No significant differences were detected for
the cultivar TMG 132 on the two sowing dates in
the irrigation depths. For ANTA 82, the double stress
observed on D1, water deficit (I12) and temperature
(Figure 1) favored the protein biosynthesis in the
beans. On D2, the highest average for protein content
was observed in I1 (Table 3).

Dornbos & Mullen (1992) also observed an
increase and a decrease in the protein and oil contents,
respectively, at higher temperatures and less water
availability. Thomas (2001) found an increase in
the nitrogen concentration in mature seeds with the
increase in temperature.

Table 3. Average protein content of two soybean cultivars
submitted to two irrigation depths (I), on two sowing

dates.
Protein content (%)
I ANTA 82 — TMG 132 ———
D1 D2 D1 D2
11 38.09 bA2* 39.46aA2 40.17aAl 41.94 aAl
12 40.50aA71 3598bB2 38.871aB2 42.00 aAl

* Averages followed by the same lowercase letter in the column and uppercase
letter in the row belong to the same statistical group by the Scott-Knott test at 5 %
of significance; while averages followed by the same number in the row belong
to the same statistical group by the Scott-Knott test at 5 % of significance. I1:
irrigation depth 1 (100 % of the ETc); 12: irrigation depth 2 (25 % of the ETc);
D1: date 1; D2: date 2.

For ANTA 82, when comparing the irrigation
depths on both sowing dates, the protein content
(Table 3) showed an inverse relationship with the oil
content (Table 2). These results reinforce the negative
correlation between these two variables (Chaudhary
et al. 2015, Mertz-Henning et al. 2018). Thus, a
factor that increases one of them will consequently
decrease the other.

According to Pipolo (2002), this happens
because of the competition for carbon skeletons
to form cellular components. Hayati et al. (1996)
claimed that changes in the balance of carbon and
nitrogen supply during photosynthesis interfere with
the chemical composition of the grain and might
be the main mechanism to explain these variations
related to environmental conditions. These conditions
may include lack of water, nutrients and temperature,
and may partly explain the variations observed in the
cultivar ANTA 82.

When comparing the dates, ANTA 82 had a
higher mean of protein content in 12 on D1. There was
no difference between the dates assessed in 11, what
also happened for the oil content (Table 2). In contrast,
TMG 132 had a higher mean of protein content on D2
and under 12. In I1, there was no significant difference
between the assessed dates. Again, an inverse
relationship was observed between the protein (Table 3)
and oil (Table 2) contents, for both the cultivars and
sowing dates, in soybean grown under water stress.

According to Pipolo et al. (2015), the soybean
protein content is strongly influenced by the
environment, especially during the grain-filling
period. However, this factor is genetically ruled, and
the way that each cultivar responds to environmental
changes influences the chemical composition of
the grains. Pipolo et al. (2015) also described the
influence of the environment on the supply of
nitrogen to the plant and to the grain, which may
indirectly influence the oil content of grains.

Among the cultivars, the response was
different depending on the sowing date and irrigation
management. On D1, the cultivar TMG 132 showed
a better response to protein content in I1, while
ANTA 82 showed a higher average in 12 (Table 3).
On D2, regardless of water availability, TMG 132
registered higher averages of protein content, in
contrast to what was found for oil content (Table 2)
under the same conditions.

The protein contents ranged between 35.98 %
and 40.50 % for ANTA 82, what represents a difference
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of 12.56 % between the averages of protein content.
The protein content for TMG 132 ranged from
38.87 % to 42 %, with a difference of 8.05 % in
the protein content (Table 3). It must be considered
that a possible increase in the protein content under
unfavorable environmental conditions may lead to
a decrease in grain yield and quality. According to
Mertz-Henning et al. (2018), the physical-chemical
quality of grains may be damaged by severe drought
conditions and a greater number of green grains with
high acidity (Teixeira 2016).

The water deficit, associated with the
temperatures, promoted different responses between
the oil and protein contents in the assessed cultivars.
Thus, the present study reinforced the influence of
genetic and environmental factors on the soybean
chemical composition.

CONCLUSIONS

1. The co-inoculation of Bradyrhizobium japonicum
with Azospirillum brasilense did not significantly
affect the soybean oil and protein contents;

2. The water deficit in the reproductive stage,
combined with the sowing dates, altered the oil
and protein contents in both the assessed cultivars,
showing, respectively, a higher average protein
and oil content in the beans for the cultivars
TMG 132 and ANTA 82.
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