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Abstract: Background: The interference caused by volunteer soybean plants
from grains lost before or during harvest can cause economic losses to bean
producers due to the competition they cause, especially for succeeding
crops. Objective: Therefore, the objective of this work was to determine the
competitive ability and economic damage level (EDL) of bean cultivars in the
presence of different densities of soybean volunteer plants. Methods: The
experiments were installed in completely randomized design, and replicated
for two consecutive years, 2020/21 and 2021/22. Treatments consisted of
the carioca bean cultivars BRS Tangara, IAC 1850, and BRS Estilo and the
black type IPR Uirapuru, IPR Urutau, and BRS Esteio, and 12 volunteer

soybean densities established for each cultivar, ranging from 0 to a maximum
of 66 plants m?. Plant density, soil cover, leaf area, and shoot dry matter
of volunteer soybean plants were determined 40 days after emergence.
For bean, productivity, control cost, selling price, and control efficacy were
determined. Results: Bean cultivars IPR Tangara, BRS Estilo, IPR Uirapuru
and BRS Esteio showed greater competitive ability in the presence of soybean.
The highest EDL values ranged from 1.00 to 2.89 plants m™? for BRS Estilo,
IPR Uirapuru, IPR Urutau and BRS Esteio cultivars when competing with
soybean. Conclusions: Bean cultivars have different competitive abilities, and
EDL is directly influenced by these different genetic traits.
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1. Introduction

The cultivation of beans (Phaseolus vulgaris) is one of the protein foods that form
the basis of the Brazilians diet. This crop is also a source of income for rural producers,
especially in family areas. Brazil produces about 2.98 million tons of beans per year
(Companhia Nacional de Abastecimento, 2023). In Brazil, up to three harvests of
beans can be grown, referred to as sowing: the rainy season (August to October - first
harvest), the dry season (February to April - second harvest), and the fall-winter (May
to June - third harvest).

In the southern region of Brazil, field beans are increasingly being grown as a
second crop after soybeans. Thus, the management and cultivation practices for the
successively grown crops are directly related. Grain losses in the soybean crop have led
to an increase in the frequency of volunteer infestation in the succeeding bean crop. It
is estimated that the average grain loss in mechanical harvesting of soybeans harvest
is about 81 kg ha™ (Schanoski et al., 2011). These losses may be related to the use of
unsafe machinery, poor adjustment, inadequate speed, steep terrain slopes, harvesting
in high humidity, lack of operator knowledge, and adverse weather conditions, among
other factors (Faggion et al., 2017). When these volunteer soybean plants infest crops,
they can compete for space, water, nutrients, and light, and are also hosts for various
pests and diseases (Costa et al., 2020), resulting in high losses for producers.

Inspection of volunteer soybean plants is required in several states for a continuous
period of 90 days. This period is referred to as “sanitary void” and one of its objectives
is to reduce the source of the inoculum of the fungus Phakopsora pachyrhizi, which is
responsible for Asian rust (Empresa Brasileira de Pesquisa Agropecudria, 2023). However,
after beans are sown, this control is neglected, especially in southern Brazil, resulting in
high losses for growers and difficulties in controlling voluntary soybeans, mainly with
the use of herbicides that act selectively on the bean plant (Costa et al., 2020).

High densities of plants competing with crops make it easier for growers to decide
to take control measures (Agostinetto et al., 2010; Tavares et al., 2019). However, when
volunteer plants occur at lower densities, the adoption of control measures becomes
difficult as growers need to quantify the economic benefits in relation to the costs of
control (Kalsin and Vidal, 2013; Tavares et al., 2019; Oveisi et al., 2021). Therefore, it
is necessary to implement management strategies that integrate technical knowledge
and economic analysis combined with knowledge of crop-weed competition (Westwood
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etal., 2018). The Economic Damage Level (EDL) can be used
to support this decision-making.

The EDL specifies that the use of herbicides or other
control methods is only justified if the damage caused by
weeds exceeds the cost of the intervention used (Agostinetto
etal., 2010; Tavares et al., 2019). The EDL can be influenced
by several factors, such as weed species present in the
crop, density and timing of occurrence relative to the crop,
percentage loss and potential productivity of the crop
with and without weeds, value of harvested product, cost,
effectiveness of control, and impact of remaining weeds
on the crop (Agostinetto et al., 2010; Galon et al., 2016;
Tavares et al., 2019).

Among the management practices, the use of bean
cultivars with greater competitiveness stands out as an
interesting alternative strategy for cultural control, which
can have a direct impact on crop yield and EDL. Some
studies have reported differences in the competitive
ability of bean cultivars when infested with weeds, such as
alexandergrass (Urochloa plantaginea; Kalsing, Vidal, 2013)
and/or beggarticks (Bidens pilosa; Galon et al., 2016). Bean
cultivars have different behaviors and this fact is related
to their intrinsic characteristics, such as growth habit,
development cycle, number of branches, height, and plant
architecture, among others, which influence the crops
competitive ability (Barroso et al.,, 2010; Parreira et al.,
2014) and, consequently, the EDL (Galon et al., 2016).

Therefore, this work hypothesizes that bean cultivars
may exhibit differences in competitive ability and
consequently differences in EDL caused by competition
with soybean volunteer plants. With this in mind, the
objective of this work was to determine the competitive
ability and EDL of the carioca bean cultivars IPR Tangara,
EIAC 1850, and BRS Estilo, and the black cultivars IPR
Uirapuruy, IPR Urutau, and BRS Esteio in the presence of
different densities of voluntary soybeans.

2. Material and methods

21 Study area characterization

Two field experiments were conducted in the
experimental area of the Federal University of Fronteira
Sul (UFES), campus Erechim/RS (27.725269° S, 52.294485°
W and 650 m altitude), from November to March 2020/21
(Experiment I) and from November to March 2021/22
(Experiment II). The soil in the experimental area is
classified as Humic Alumino Ferric Latosol (Santos et al.,
2018). The experiments were carried out on an area of
3,000 m? divided into two plots of 1,500 m? each. In year 1
(2020/21) experiment I was sown on the 1,500 m? plot and
inyear II (2021/22) the second experiment was sown on the
remaining 1,500 m? plot so that the two experiments were
not sown in the same place in both growing seasons. This
was done to avoid problems with the occurrence of pests
and also in terms of soil fertility if the two experiments
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were carried out on the same site, which characterizes the
monoculture system.

To perform the chemical analysis, soil samples were
collected from the layer of 0 to 10, on the 3.000 m? on
which experiments I and II were carried out, which had
the following characteristics: pH, = 5.1; organic matter =
3.0%; clay > 60%; P = 5.2 mg dm?, K = 118.0 mg dm?3, Ca*?
= 5.5 cmolc dm?; Mg = 3.0 cmolc dm?; Al*® = 0.3 cmolc
dm?; H + Al = 7.7 cmolc dm3; CEC,,,. = 16.6 cmolc dm’
3. Fertility correction was performed according to technical
recommendations for bean crop for grain production (SBCS,
2016). Basic chemical fertilization was 350 kg ha™ with the
formula 05-30-15 and N-P-K. The other managements
measures followed the technical recommendations for the
cultivation of beans.

The environmental conditions at the time the
experiments were conducted are shown in Figure 1.
The climate of the region is classified as Cfa (humid
temperate with hot summer) according to the Képpen-
Geiger classification, with rainfall well distributed

throughout the year (Peel et al., 2007).

2.2 Experimental design

The experiments were carried out in a completely
randomized design, with four replications and replicated
in two agricultural years. The treatments consisted of six
bean cultivars and 12 voluntary soybean densities. In
this study, the different densities of volunteer soybeans
served as replicates and provided the variance necessary to
perform the statistical analysis using the nonlinear model
of rectangular hyperbole proposed by Cousens (1985). The
same methodology was used in the work of Agostinetto
et al. (2010), Galon et al. (2016), and Tavares et al. (2019).

2.3 Treatments used

The bean cultivars used were the carioca cultivars IPR
Tangard (C1), IAC 1850 (C2), and BRS Estilo (C3), and
the black cultivars IPR Uirapuru (C4), IPR Urutau (C5),
and BRS Esteio (C6). These bean cultivars were selected
because they are the most commonly grown in the region
for the production of carioca and black bean seeds; their
characteristics are shown in Table 1. Bean cultivars were
grown in two crop seasons (2020/21 and 2021/22) in
coexistence with different voluntary soybean densities: C1
versus 0, 10, 14, 15, 16, 16, 18, 20, 23, 25, 33 and 42 plants
m?; C2versus 0,11, 13,14, 15,16,17,17,18, 22, 23 and 30
plants m? C3 versus 0, 14, 16, 16, 17, 18, 21, 22, 30, 35, 37
and 66 plants m?; C4 versus 0, 7, 12, 14, 14, 17, 20, 21, 26,
30, 30 and 40 plants m™; C5 versus 0, 8,10, 12,14, 16,17, 19,
21, 22, 28 and 24 plants m?; C6 versus 0, 10, 11, 16, 16, 17,
18, 21, 22, 22, 24 and 30 plants m™. The density of volunteer
soybeans varied due to the fact that sowing with hand rattles
has an uneven depth from one pit to another because the
soil is sometimes compacted, contains more straw, and
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Figure 1 - Average temperature (°C), precipitation (mm) and relative humidity (%) during the experimental period from November to
March of the 2020/21 and 2021/22 crop seasons. UFFS/Erechim/RS

other factors such as soil moisture and temperature may
have influenced the determination of an exact number of
plants per plot (experimental unit). When working with
regressions, whether linear or non-linear, the points tested
in the experiment serve as the foundation for modeling a
suitable regression. This regression equation numerically
describes the relationship between the “X” and “Y” axes. Once
the regression is properly modeled, researchers can calculate
expected values of “Y” for any given value of “X.” Therefore,
weed density does not have to be identical for different
genotypes. Some studies have used a similar methodology to
the present work to describe competition between weeds and
crops (Adati et al., 2006; Gazziero et al., 2019).

2.4 Experimental assessment

The experiments were conducted on 11/13/2020 and
11/29/2021 in a no-tillage system with straw. The soil mulch
was formed from black oat and vetch, with a production
of 5 t ha' dry matter. Desiccation was carried out with the
herbicide glyphosate (1440 g ha™), 15 days before the sowing
of the beans. The experimental units had an area of 15 m* and
consisted of six bean rows spaced 0.5 m apart and 5 m long.

In both experiments, the effective area was equal to the four
central rows, minus one row on each side and 1 m at each
end (2 m x 3 m). Mechanized sowing was carried out in both
experiments with a precision band seeder/fertilizer, so that the
plant population had a density of 12 plants m? or 240,000 ha™.

Voluntary soybean (Glycine max) PD for the two experiments
was determined by manual ratchet seeding in each plot using
the soybean cultivar Nidera 5909 RG. The density of volunteer
soybean seeding was set to simulate different harvest losses,
from low to high losses of grains in the field, and to calculate the
amount of seed needed in each experimental unit depending
on the proposed treatment, from O to 66 plants m? for both
experiments. In the second experiment, conducted in the
2021/22 season, volunteer soybean plants in each experimental
unit were counted, and if PD was found to be higher than the
treatment proposed in the previous experiment (2020/21
season), the excess plants were thinned to have the same
population in the two experiments conducted in different crop
seasons. The other weeds not studied were controlled in both
experiments with the application of fomesafen + fluazifop-p-
butyl (200 + 200 g ha™) + adhesive spreader (0.2% v/v) to avoid
competition with the crop.

Table 1 - Genetic characteristics, group, cycle, growth habit, and type of common bean cultivars used in the experiments in

2020/21 and 2021/22 crop seasons. UFFS, campus Erechim/RS, 2023

Company Pedigree Group Cycle Growth habit Type
EMBRAPA BRS Esteio Black Normal Indeterminate I
IAPAR IPR Urutau Black Medium Indeterminate I
IAPAR IPR Uirapuru Black Medium Indeterminate I
EMBRAPA BRS Estilo Carioca Medium Indeterminate I
IAPAR IPR Tangara Carioca Medium Determinate Il
IAC IAC 1850 Carioca Medium Indeterminate I

Embrapa: Empresa Brasileira de Pesquisa Agropecuaria; IAPAR: Instituto de Desenvolvimento Rural do Paran; IAC: Instituto Agronémico
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2.5 Studied variables

Quantification of plant density (PD), soil cover (SC), leaf
area (LA), and shoot dry matter (DM) of soybean volunteer
plants was conducted in both experiments 40 days after
emergence (DAE), when the bean plant was at phenological
stage V3 to V4 and the competitor plant was at V4 to V5.

To determine the explanatory variable PD, two random
samples were taken per plot in a square of 0.5 m on each
side. The SC by volunteer soybean was visually scored
individually by two evaluators using a percentage scale
where zero corresponds to no cover and 100% corresponds
to complete SC. Quantification of LA competing plants
was performed using a portable LA electronic integrator
(model CI-203, CID Bio-Science), with all plants measured
at 0.25 m™ per plot. The DM of volunteer soybean plants
(g m?) was determined by collecting plants in an area of
0.25 m? (0.5 x 0.5 m) per plot and drying them in an oven
with forced air circulation at a temperature of 60£5°C until
they reached a constant matter.

2.6 Calculation of grain productivity losses and the level of
economic damage

Grain yield was quantified in both experiments by
harvesting the plants on a usable area of 6 m? (2 x 3 m)
per plot. Harvesting occurred when the average moisture
content of the grains reached about 15%. After weighing,
the moisture content was determined, correcting the
masses to a moisture content of 13% and expressing the
values in kg ha™.

The percentage losses of grain yield of beans, in relation
to the free experimental units of the competing plants,
were calculated according to Equation 1, considering the
average of the data obtained in the two experiments:

Loss (%) = [Rﬁ%] x 100 Equation 1,

Where: Ra and Rb: crop productivity without and
with presence of the competing voluntary soybean plant,
respectively.

Prior to data analysis, the values SC (%), LA (cm?), or
DM (g m™?) were multiplied by 100, eliminating the use of
the correction factor in the model (Agostinetto et al., 2010).

The relationships between the percentage productivity
losses of bean as a function of the explanatory variables were
calculated separately for each cultivar, using the nonlinear
regression model proposed by Cousens (1985) from the
rectangular hyperbole given in Equation 2, adopting the
average value obtained from the two experiments:

B (1ixX)

T 1+ (@(/a) xX)
Where: Pl = Productivity loss (%); X = PD, LA, SC or

DM of volunteer soybeans; i and a = = productivity loss (%)

per unit of volunteer soybean plants when the value of the

Pl Equation 2
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variables approaches zero and when it tends to infinity,
respectively. The model was fiited to the data using the
Proc Nlin procedure of the SAS program (SAS, 1989). For
the calculation procedure, the Gauss-Newton method was
used, which estimates, through successive iterations, the
values of the parameters for which the sum of the squares
of the deviations of the observations relative to the fitted
values is minimal (Agostinetto et al., 2010). The value of the
E statistic (p < 0.05) was used as the criterion for analyzing
the data in the model. The acceptance criterion for fitting
the data to the model was based on the significance of F, the
highest value of the coefficient of determination (R?), and
the lowest value of the mean square of the residual (MSR).

The estimates of parameter i from Equation 2 (Cousens,
1985) and Equation 3 adapted from Lindquist and Kropff
(1996) were used to calculate the amount of EDL, using the
mean values of the two experiments.

(Co)

EDL = (R P x (/100) x (@/100))

Equation 3

Where: EDL = economic damage level (plants m?); Cc =
cost of control (commercial mixture of ethoxysulfuron
herbicide (24 g ha™) + methylated soybean oil (0.2% v/v)
and tractor application, in dollars ha?); R = bean grain
yield (kg ha?); P = bean price (dollars kg* grains); i =
productivity loss (%) of bean per unit of competing plants
as population approaches zero; and H = herbicide efficacy
(%).

Three values were estimated for the variables Cc, R, P,
and H (Equation 3) that occurred in the last 10 years. Thus,
for control cost (Cc), the average price (US$ 22.00) was
considered, with maximum and minimum costs changed
by 25% from the average cost. The bean grain yield (R) was
based on the lowest (891 kg ha™), medium (962 kg ha™), and
highest (1,057 kg ha™) obtained in Brazil in the last 10 years
(Companhia Nacional de Abastecimento, 2023). The product
price (P) was estimated with the lowest price paid for the
carioca type (US$ 29.46) and the black type (US$ 22.55),
the middle price paid for the carioca type (US$ 52.05) and
the black type (US$ 25.96), and the higher price paid for the
carioca type (US$ 76.89) and the black type (US$ 49.88) of the
bean per 60 kg bag in the last 10 years. The dollar exchange
rate at the time of data collection was R$ 5.06 for every US$
1.00 (Banco Central do Brasil, 2023). Herbicide efficacy (H)
values were set in the range of 80%, 90%, and 100%, with 80%
representing the minimum control considered effective for
the weed (Velini, 1995). For EDL simulations, intermediate
values were used for variables that were not calculated.

3. Results and discussion

3.1 Fitting the data to the rectangular hyperbole model

The explanatory variables for volunteer soybeans PD,
LA, SC, and DM, which were evaluated for productivity
loss in bean cultivars showed significant statistical F

https://doi.org/10.51694/AdvWeedSci/2024,;42:00011
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values (Table 2). The rectangular hyperbolic model fit
the data appropriately, with an average R?value above
0.57 and a low MSR. Galon et al. (2016), evaluating the
competition of beggarticks with six black bean cultivars,
found mean R? values greater than 0.61 for the same
variables, which was similar to the results observed in the
present study.

3.2 Competitive ability of common bean cultivars

Differences in productivity losses due to soybean
volunteer infestation density were evident among the black
bean cultivars (Table 2). Considering the average values of
parameter i for the variables PD, SC, LA, and DM, the bean
IPR Tangar4, BRS Estilo, IPR Uirapuru, and BRS Esteio were
characterized as the most competitive cultivars, with the
lowest productivity losses compared to the other cultivars.

Losses caused by voluntary soybeans

Studies show that competitive ability of bean cultivars
varies in the presence of weeds (Kalsing, Vidal, 2013;
Parreira et al., 2014; Galon et al., 2016; Oveisi et al., 2021).
The difference in competitiveness between bean cultivars
may be related to higher canopy (LA), leaf architecture, plant
height, and/or higher relative growth rate and efficient use
of environmental resources by the crop (Amini et al., 2014;
Parreira et al., 2014; Oveisi et al., 2021). The use of more
competitive cultivars is an important tool for integrated
weed management. Characterizing of the competitive
ability of crop cultivars in the presence of weeds can lead to
economic and environmental benefits as fewer herbicides
can be applied (Bajwa et al., 2017; Oveisi et al., 2021).
Values estimated using the hyperbolic equation show
that the average density of 20 volunteer soybean plants m?
resulted in yield losses ranging from 24 to 46% (Table 2).
Studies evaluating the impact of different densities of maize

Table 2 - Bean productivity loss as a function of cultivars, plant density (M), soil cover (%), leaf area (cm?2 m2), and shoot dry

matter (g m2) of competing volunteer soybean plants, considering the average values of the two crop seasons in which the
experiments were conducted (2020/21 and 2021/22)

Parameters’

Explanatory variables ; 5 R? MSR F
Density of volunteer soybean plants (plants m2)
IPR Tangara 2.07 100 0.80 98.34 91.34*
IAC 1850 41 100 075 2544 729.50*
BRS Estilo 165 100 0.57 4978 249.40*
IPR Uirapuru 212 100 0.77 11977 105.35*
IPR Urutau 292 100 0.70 148.80 760"
BRS Esteio 2.28 100 073 2240 430.16*
Soil cover of volunteer soybean plants (%)
IPR Tangara 0.04 100 081 66.30 15712+
IAC 1850 0.06 100 0.71 67.51 356.31*
BRS Estilo 0.04 100 0.81 1843 50414~
IPR Uirapuru 0.04 100 079 84.23 168.53*
IPR Urutau 0.05 100 0.87 34.35 669.60*
BRS Esteio 0.05 100 0.75 2371 584.33*
Leaf area of volunteer soybean plants (cm? m3)
IPR Tangara 0.0002 100 0.59 10513 8611
IAC 1850 0.0003 100 062 18.30 816.06*
BRS Estilo 0.0002 100 072 52.04 372.27*
IPR Uirapuru 0.0002 100 072 84.22 13.55*
IPR Urutau 0.0002 100 0.84 104.53 108.60*
BRS Esteio 0.0003 100 073 24.23 441371
Shoot dry matter of volunteer soybean plants (g m?)
IPR Tangara 0.02 100 0.84 1M.52 110.19*
IAC 1850 0.03 100 065 2572 57163*
BRS Estilo 0.02 100 0.84 36.29 24013*
IPR Uirapuru 0.03 100 0.59 39.23 23744
IPR Urutau 0.03 100 071 138.96 7913*
BRS Esteio 0.03 100 0.83 4105 32109

Tjand o productivity losses (%) per unit of volunteer soybean when the value of the variable approaches zero or tends to infinity, determined by the rectangular
hyperbole model Y= (iX)/(1+(i/a) X (Cousens 1985); respectively. *Significant at p < 0.05. R Coefficient of determination. MSR: Mean square of the residue. The
parametersiand g, R? MSR, and F are values obtained by averaging the values of the two crop seasons (2020/21and 2021/22) in which beans were grown

https://doi.org/10.51694/AdvWeedSci/2024;42:00011
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volunteer plants on bean plants show productivity losses
ranging from 6.5 to 90% (Sbatella et al., 2016; Piasecki,
Rizzardi, 2018). Considering the average loss of soybean
grains (81 kg ha™) and estimating the average weight of
1,000 grains at 200 g (Camara, 2015), this corresponds to
a loss of 406,000 grains per hectare. At a 50% germination
rate, there are 203,000 soybean plants per hectare, or 20.30
plants m? highlighting the high potential for productivity
loss in bean production if voluntary soybean control is
improperly implemented.

When comparing bean cultivars for the variable PD
(Table 2), yield losses ranging from 1.65% (BRS Estilo) to
4.11% (IAC 1850) were found based on unity loss (i). As
previously reported, the differentiation in competitiveness
of bean cultivars in the presence of volunteer soybean
is largely due to the genetic and phenotypic traits they
exhibit. Selection of more competitive genotypes is a
potential strategy for integrated weed management that
helps reduce herbicide use and provides greater economic
and environmental benefits to the producer (Jha et al,,
2017; Oveisi et al., 2021).

A productivity loss of 27% was observed for the cultivar
IAC 1850, when comparing the average results of parameter
i, obtained by the rectangular hyperbole equation, with the
other cultivars for the variable SC (Table 2). The cultivars
IPR Tangara, BRS Estilo, IPR Uirapuru, IPR Urutau, and
BRS Esteio had the lowest productivity losses, respectively:
0.04; 0.04; 0.04; 0.05 and 0.05%, with respect to IAC
1850. Therefore, it can be concluded that the degree of
competition of volunteer soybeans with respect to the bean
crop is influenced by SC, i.e., the more SC the weed has,
the more competitive it is with respect to the crop. In this
study, it can be seen that volunteer soybean as a weed has a
high ability to attack bean plants, because with the increase
of PD and the percentage of SC of the competitor, there is
a high loss of productivity of the crop. The results of this
study are consistent with those of Galon et al. (2016), who
also observed that beggartick caused high losses in bean
yield as it developed and grew.

The results for cultivar productivity losses in terms of
percentage of LA and DM are similar to those observed in
terms of PD and SC, as the cultivar IAC 1850 was the least
competitive and had the highest productivity losses (Table
2). The increase in LA, SC, and DM of volunteer soybeans
is directly related to PD, which explains the similarity
of productivity losses between the variables evaluated,
considering the i parameters of each of the variables
studied. Among the factors associated with the strong
impact of volunteer plants on crops of economic interest
is the competition they exert for environmental resources
such as water, light, and nutrients. According to Piasecki
and Rizzardi (2018), the infestation of bean with volunteer
maize can lead to productivity losses of more than 70%.
These authors linked the high productivity losses to the
high competitive capacity exhibited by the volunteer plants
when infesting the bean crop.
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The i parameter can be used to compare the competitive
ability between species (Agostinetto et al., 2010). In this
sense, different values were observed for the bean cultivars
IPR Tangara, IAC 1850, BRS Estilo, IPR Uirapuru, IPR
Urutau, and BRS Esteio in the explanatory variables tested
and in the presence of voluntary soybean densities (Table
2). Comparing the cultivars considering the parameter i, in
the average of the four explanatory variables (PD, SC, LA, or
DM), it appears that the order of placement was generally
in terms of competitiveness: BRS Estilo > IPR Tangar4 > IPR
Uirapuru > BRS Esteio > IPR Urutau > IAC 1850. Differences
in behavior between genetic material may be related to a
number of factors, such as cycle, plant architecture, LA
index, root system volume, use of resources available in the
environment, or phenotypic plasticity of the crop in the
presence of volunteer soybean (Galon et al., 2016; Bajwa
et al., 2017; Piasecki, Rizzardi, 2018; Oveisi et al., 2021).

The cultivars showed different yield potentials, with
yields of: 2.65; 3.12; 2.79; 2.55; 2.68, and 2.80 t ha™ for
the treatment in which the bean was grown without the
presence of volunteer soybean for IPR Tangar4, IAC 1850,
BRS Estilo, IPR Uirapuru, IPR Urutau, and BRS Esteio,
respectively (Table 2). The cultivar IAC 1850 showed the
lowest competitivenessin the presence of voluntary soybean
cultivation, compared to all other cultivars, in the average
of parameter i evaluated in the variables PD, LA, SC, and
DM. However, IAC 1850 was the material that showed 16%
higher productivity in the absence of competition. Thus,
this study shows that less productive material is better
able to compete with volunteer soybeans. This fact can be
attributed to the allocation of photoassimilates that are
produced during the development of other plant organs/
structures and do not have a direct effect on increasing
plant productivity. Studies have shown that the allocation
of photoassimilates is not only a fundamental aspect in the
competition between plant species, but also an important
factor affecting their competitiveness when they live in
communities (Fernandes et al., 2015; Oveisi et al., 2021).

Regarding the competitive differences between cultivars
in the presence of volunteer soybean, considering the
carioca or black bean types, practically no differences are
observed (Table 2). The average value of parameter i for the
variables PD, SC, LA, and DM was 0.67 for the carioca bean
cultivars (IPR Tangara, EIAC 1850, and BRS Estilo) and
0.63 for the black type cultivars (IPR Uirapuru, IPR Urutau,
and BRS Esteio). This indicates that they are very similar in
the presence of the competitor. However, when analyzing
the effect of competition on the carioca type cultivars, it is
found that they have a 4% higher productivity compared to
theblack type, considering the average effect of all voluntary
soybean densities. This fact is important for the producer,
because if he has a crop affected by volunteer soybeans and
wants to sow second crop beans, he can give preference to
Carioca type cultivars.

In the rectangular hyperbole model, the parameter
a indicates the yield loss when the density of volunteer
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soybeans is maximum, i.e., it is possible to compare the
maximum yield loss of cultivars of a given crop (Tavares
et al., 2019). In the present study, all estimates of the
parameter a with the volunteer soybean variables PD,
SC, LA, and DM were overestimated by the rectangular
hyperbole model. For this reason, the values were restricted
to 100% (Table 2). The results may be due to the fact that
the voluntary soybean densities were not high enough to
estimate the maximum productivity loss in beans. Similar
results were also obtained by Kalsing and Vidal (2013)
when studying the effects of alexandergrass on common
bean cultivars and by Tavares et al. (2019) when testing
wheat cultivars in competition with ryegrass.

According to Cousens (1991), a reliable estimate of the
parameter a requires that the experiments have a higher
PD than is usually found in crops. Therefore, as observed in
other works, the restriction to the maximum productivity
loss was adopted, since there is no biological explanation
for losses greater than 100% (Tavares et al., 2019).

Among the variables analyzed, the best fits of the model
corresponded to SC > LA > DM > PD (Table 2). The highest
mean values of R? and F and the lowest mean values of MSR
were considered. Thus, the data show that SC can be used in
place of other variables to estimate productivity losses. It
was found that the variable PD can be replaced by another
one depending on the bean cultivars to make decisions
about voluntary soybean control. Research has reported
that PD can be replaced by other variables such as DM,
LA, or SC when evaluating competition of bean cultivars
in coexistence with alexandergrass (Kalsing, Vidal, 2013)
and beggarticks (Galon et al., 2016) or wheat with ryegrass
infestation (Tavares et al., 2019).

3.3 Determination of the EDL of voluntary soybean densities

The simulation of EDL values was performed using the
variable PD of the volunteer soybean. This variable was
chosen because it is the most commonly used due to its ease
of acquisition and also the most common in experiments
with this objective (Agostinetto et al., 2010; Galon et al.,
2016; Tavares et al., 2019).

Success in implementing management systems for
volunteer soybean infestations can be determined by
determining the density that exceeds the EDL. The lowest
EDL caused by the density of volunteer soybean infestations
for the six bean cultivars as a function of productivity, bag
price, control cost, and herbicide efficacy was observed for
IAC 1850 with an average value of 0.62 plants m? (Figures
2,3,4, and 5).

Considering the same criteria, the EDL was obtained
with 1.55; 1.54; 2.25; 1.63, and 1.92 plants m™ of volunteer
soybean for the cultivars IPR Tangard, BRS Estilo, IPR
Uirapuru, IPR Urutau, and BRS Esteio, respectively. It was
found that the cultivars IPR Uirapuru, IPR Urutau, and BRS
Esteio had the highest EDL values in all the simulations
performed, ranging from 0.87 to 2.89 plants m™. The lowest
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EDL values were obtained with the cultivars IPR Tangar,
IAC 1850, and BRS Estilo with 0.40 to 2.61 plants m™. It is
noteworthy that the black bean cultivars (IPR Uirapuru, [PR
Urutau, and BRS Esteio) had higher EDL values compared
to the carioca cultivars (IPR Tangara, IAC 1850, and BRS
Estilo), mainly due to the different genetic characteristics of
the bean cultivars. Kalsing and Vidal (2013) also reported
that when comparing the carioca bean cultivars (UTF-06)
with the black cultivar (IPR Gratuna), there were differences
in the critical damage levels caused by alexandergrass
infestation in the crop.

Yield, control costs, price paid per bean bag, and
herbicide efficacy influenced EDL of volunteer soybean in
the crop. When cultivars reduced productivity by 166 kg
ha?, the density of volunteer soybeans required to achieve
EDL increased by 19% in the IPR Tangar4, IAC 1850, BRS
Estilo, IPR Uirapuruy, IPR Urutau, and BRS Esteio materials
(Figure 2). Thus, it can be observed that the increase in the
expected productivity of the crop is directly influenced by
the competition with weeds. This fact was also observed
by Galon et al. (2016) in the evaluation of bean cultivars
affected by beggarticks.

By reducing the price of a bag of grain by US$ 47.43
from US$ 76.89 to US$ 29.46 for the carioca cultivars and
by US$ 27.33 from 49.88 to US$ $ 22.55 for the black
cultivars, it was necessary to increase voluntary soybean
densities to achieve EDLs of 61% and 21% for the carioca
and black bean cultivars, respectively (Figure 3). The US$
11.00 increase in control costs increased the voluntary
soybean density required to achieve the EDL by more than
67% (Figure 4). The results obtained confirm the findings
of Galon et al. (2016), who reported that reducing the
amount paid per bag of bean grains increased the density
of beggarticks required to achieve the EDL of the weed
on the crop.

Reducing the control efficiency from 100 to 80%
increased the density of volunteer soybean required to
reach EDL by about 25% for all cultivars (Figure 5). Galon
et al. (2016) found that beggarticks density increased by
more than 8% to reach EDL when this weed species infested
multiple bean cultivars, which is partially similar to the
results of the present study.

The variations between the highest and lowest values of
the variables related to the bean crop resulted in a reduction
in EDL of about 16% when productivity was taken into
account, 160% in the price of the carioca type bean and
120% in the price of the black type bean, 67% in the cost of
control, and 12% in the efficacy of the herbicide (Figures 2,
3, 4 and 5). These results are similar to those obtained by
Agostinetto et al. (2010), Galon et al. (2016) and Tavares
et al. (2019) when working with weed-infested rice, beans,
and wheat, respectively.

The black cultivars showed the best results when
calculating EDL considering productivity. This means that
the evaluated cultivars of this bean type can coexist with
a higher number of volunteer soybean compared to the
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Figure 2 - Economic damage level (EDL) determined by averaging the values of the two crop seasons (2020/21 and 2021/22) as a
function of volunteer soybean density, different cultivars, and grain yield of bean cultivars. UFFS, Erechim campus, Erechim/RS, 2023
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Figure 3 - Economic damage level (EDL) averaged over the two crop seasons (2020/21 and 2021/22) as a function of volunteer
soybean density, different cultivars, and price paid for the bean crop. * and **: Price paid for bean cultivars of the carioca tupe (IPR
Tangara, IAC 1850, and BRS Estilo) and the black type (IPR Uirapuru, IPR Urutau, and BRS Esteio), respectively. UFFS, Erechim

campus, Erechim/RS, 2023

carioca cultivars (Figure 2). It was found that the greater
the production potential of the crop, the lower the PD
required to exceed the EDL values.

When comparing the productivity of the cultivars,
a difference in EDL of up to 19% was found when
considering the smallest (891 kg ha®) and the largest
(1,057 kg ha') (Figure 2). Thus, the greater the

Adv Weed Sci. 2024,42:e020240072

production potential of bean cultivars, the lower the
density of volunteer soybean plants, which corresponds
to the EDL. In this situation, it is important to take weed
control measures, even if they occur at low densities.
Galon et al. (2016) reported that the EDL of beggarticks
infesting bean cultivars increases when the price of the
crop decreases and the cost of control increases. On the
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Figure 4 - Economic damage level (EDL) averaged over the two crop seasons (2020/21 and 2021/22) as a function of volunteer
soybean density, different cultivars, and control costs. UFFS, Erechim campus, Erechim/RS, 2023
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Figure 5 - Economic damage level (EDL) averaged over the two crop seasons (2020/21 and 2021/22) as a function of
volunteer soybean density, different cultivars, and efficacy of the herbicide ethoxysulfuron-sodium. UFFS, Erechim campus,

Erechim/RS, 2023

other hand, the increase in the price of bean reduces
the impact of weed control costs, resulting in a greater
economic return from the crop. In this scenario, lower
losses are accepted and EDL occurs with a lower density
of volunteer soybean plants.

The results regarding the price paid per bag of carioca and
black beans show variations of about 2.61 and 2.21 times the

https://doi.org/10.51694/AdvWeedSci/2024;42:00011

EDL values, respectively (Figure 3). This suggests that the
lower the price paid per bag of beans, the greater the density of
volunteer soybeans required to exceed the EDL to compensate
for herbicide use. Accordingly, the most competitive cultivars
were BRS Estilo, IPR Uirapuru, and BRS Esteio with an EDL
greater than 1.00 plants m™ of volunteer soybeans considering
the price paid per bag of beans. The greater competitiveness of

Adv Weed Sci. 2024;42:e¢020240072
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these cultivars, as explained earlier, is partly due to the genetic
differences they present compared to the other cultivars.

Regarding the cost of control of volunteer soybeans, a
reduction of 40% reduction was observed when comparing
the minimum cost with the maximum cost (Figure 4). Thus,
the higher the cost of the control method, the higher the EDL
and the more volunteer soybean plants m™ needed to justify
the control measures. Several research findings show a direct
relationship between an increase in control costs and EDL
(Kalsing, Vidal, 2013; Galon et al., 2016; Tavares et al., 2019).

In terms of control efficiency, it was observed that the
variation of 80 (EDL of 1.76 plants m™?) and 100% (EDL of
1.41 plants m™) caused a change in EDL of about 12 and 11%,
respectively, compared to the average control of 90% (EDL of
1.57 plants m?) (Figure 5). It can be concluded that the level of
control has a direct influence on EDL. In general, the higher the
efficacy of the herbicide, thelower the EDL, i.e., alower number
of volunteer soybean plants m? is required for the application
of control measures. When evaluating the efficacy of fluazifop-
p-butyl+fomesafen for beggarticks control in bean, Galon et al.
(2016) observed similar results to the present study, although
different herbicides and weeds were evaluated.

EDL decrease with increase in productivity, price of abag
of beans, reduction in control costs, and herbicide efficacy
against volunteer soybeans, justifying the use of control
measures at lower competitor densities. The use of EDL as
a weed control tool should be linked to good agricultural
practices of weed control in bean crops. Its use is justified
only in crops that provide for crop rotation, appropriate
plant arrangement, use of more competitive cultivars,
appropriate sowing times, correction of soil fertility, etc.

4. Conclusions

The rectangular hyperbolic regression model adequately
estimates bean yield losses in the presence of the soybean
volunteer densities. The bean cultivars IPR Tangara, BRS

References

Giacomini JP, Galon L, Cavaletti DC, Henz Neto OD, Silva AF, Senhori VM, Haboski DA, Perin GF

Estilo, IPR Uirapuru, and BRS Esteio proved to be more
competitive than the other materials studied, IAC 1850
and IPR Urutau, when infested with volunteer soybeans.
The highest EDL values ranged from 1.00 to 2.89 plants m?
for the cultivars BRS Estilo, IPR Uirapuruy, IPR Urutau, and
BRS Esteio when competing with the density of volunteer
soybeans. The cultivars IPR Tangara and IAC 1850 had the
lowest EDL values, ranging from 0.40 to 2.08 plants m?
in the presence of soybean volunteer. EDL values decrease
with increasing grain yield, bean bag price, reduction in
voluntary soybean control costs, and herbicide efficacy.

Author’s contributions

All authors read and agreed to the published version of
the manuscript. JPG, LG, and DCC: conceptualization of the
manuscript and development of the methodology. ODHN,
VMS and DAH: data collection and curation. LG, JPG and
GFP: data analysis. JPG, AFS and DAH: data interpretation.
LG, and GFP: funding acquisition and resources. LG, JPG
and GFP: project administration. DCC and JPG: supervision.
JPG, DCC and ODHN: writing the original draft of the
manuscript. LG, AFS and GFP: writing, review and editing.

Acknowledgements

L. Galon and D. C. Cavaletti thank the Brazilian National
Council for Scientific and Technological Development
(CNPq/PQ-1D, n. 306927/2019-5 and CNPq/PIBIT, n.
120946/2021-1, respectively) for fellowships.

Funding

This research was supported by the Foundation for
Research of the State of Rio Grande do Sul (FAPERGS, n.
20/2551-0000333-7) and Federal University of Fronteira
Sul (UFFS, n. PES-2020-0163).

Adati CR, QOliveira VA, Karam D. [Mathematical and biological analysis
of the models for estimating culture yield losses due to weed inter-
ference]. Planta Daninha. 2006;24(1);1-12. Portuguese. Available from:
https://doi.org/10.1590/S0100-83582006000100001

Agostinetto D, Galon L, Silva JMBV, Tironi SP, Andres A. [Interference
and economic weed threshold (EWT) of barnyardgrass on rice as a func-
tion of crop plant arrangement]. Planta Daninha. 2010;28(spe):993-
1003. Portuguese. Available from: https://doi.org/10.1590/S0100-
83582010000500007

Amini R, Alizadeh H, Yousefi A. Interference between red kidneybean
(Phaseolus vulgaris L) cultivars and redroot pigweed (Amaranthus ret-
roflexus L.). Eur J Agronomy. 2014;60:13-21. Available from: https:/doi.
0rg/10:1016/j.6ja.2014.07.002

Adv Weed Sci. 2024,42:e020240072

Bajwa AA, Walsh M, Chauhan BS. Weed management using crop com-
petition in Australia. Crop Protect. 2017;95:8-13. Available from: https:/
doi.org/10.1016/j.cropro.2016.08.021

Banco Central do Brasil - BCB. [Price]. Brasilia: Banco Central do
Brasil; 2023[Access Apr 25, 2023]. Portuguese. Available in: https:/
www.bcb.gov.br/

Barroso AAM, Yamauti MS, Alves PLCA. [Interference between
weed species and two bean cultivars in two times of sowing]. Bra-
gantia. 2010;69(3):609-16. Portuguese. Available from: https:/doi.
0rg/10.1580/S0006-87052010000300012

Camara GMS. [Soail preparation and planting]. In: Sediyama T, Silva F,
Borém A. editors. [Soybean: from planting to harvesting]. Vigosa: Uni-
versidade Federal de Vigosa; 2015. p. 66-109. Portuguese.

https://doi.org/10.51694/AdvWeedSci/2024,;42:00011


https://doi.org/10.1590/S0100-83582006000100001
https://doi.org/10.1590/S0100-83582010000500007
https://doi.org/10.1590/S0100-83582010000500007
https://doi.org/10.1016/j.eja.2014.07.002
https://doi.org/10.1016/j.eja.2014.07.002
https://doi.org/10.1016/j.cropro.2016.08.021
https://doi.org/10.1016/j.cropro.2016.08.021
https://www.bcb.gov.br/
https://www.bcb.gov.br/
https://doi.org/10.1590/S0006-87052010000300012
https://doi.org/10.1590/S0006-87052010000300012

Advances in Weed Science

Comiss&o de Quimica e Fertilidade do Solo. [Liming and fertilization
manual for the states of Rio Grande do Sul and Santa Catarina). 11st
ed. Porto Alegre: Sociedade Brasileira de Ciéncia do Solo; 2016. Por-
tuguese.

Companhia Nacional de Abastecimento - Conab. [Monitoring the bra-
zilian grain harvest). Brasilia: Companhia Nacional de Abastecimento;
2023. Portuguese [access August 20, 2023]. Available from: https:/
www.conab.gov.br/info-agro/safras/serie-historica-das-safras

Costa BS, Galon L, Pierri L, Trezzi MM. [Management of voluntary soy-
bean infesting with bean the herbicide ethoxysulfuron]. Rev Bras Herb.
2020;19(1):1-6. Portuguese. Available from: https:/doi.org/10.7824/
rbhv19i1.704

Cousens R. An empirical model relating crop yield to weed and
crop density and a statistical comparison with other models. J Ag-
ric Sci. 1985;105(3):513-21. Available from: https:/doi.org/10.1017/
S0021859600059396

Cousens R. Aspects of the design and interpretation of competition
(interference) experiments. Weed Technal. 19971;5(3):664-73. Available
from: https://doi.org/10.1017/S0890037X00027524

Empresa Brasileira de Pesquisa Agropecuéria — Embrapa. [Sanitary
void and soybean sowing schedule]. Brasilia: Empresa Brasileira de
Pesquisa Agropecuéria; 2023[access May 31, 2023]. Portuguese.
Available in: https://www.embrapa.br/en/soja/ferrugem/vaziosanitari-
ocalendarizacaosemeadura

Faggion F, Melara DF, Correia TPS, Pereira EA. [Lost in harvester soy-
bean by two depreciated combines]. Braz J App Technol Agric Sci.
2017,10(2):89-95. Portuguese. Available from: https://doi.org/10.5935/
PAETV10.N2.09

Fernandes RC, Guerra JGM, Araljo AP. [Performance of com-
mon bean cultivars in organic production system]. Pesq Agropec
Bras. 2015;50(9):797-806. Portuguese. Available from: https:/doi.
org/10:1590/S0100-204X2015000900008

Galon L, Forte CT, Gabiatti RL, Radunz LL, Aspiazt |, Kujawinski R et al.
Interference and economic threshold level for control of beggartick
on bean cultivars. Planta Daninha. 2016;34(3):411-22. Available from:
https://doi.org/10.1590/S0100-83582016340300002

Gazziero DLP, Adegas FS, Silva AF, Concenco G. Estimating yield losses
in soybean dueto sourgrass interference. Planta Daninha.2019;37:1-10.
Available from: https://doi.org/10.1590/S0100-83582019370100047

Instituto Nacional de Meteorologia - INMET. [Climatological data].
Brasilia: Ministério da Agricultura e Pesca; 2023.[access Apr 10, 2023].
Portuguese. Available from: https://bdmep. inmet.gov.br/

Jha P, Kumar V, Godara RK, Chauhan BS. Weed management using crop
competition in the United States: a review. Crop Protect. 2017,95:31-7.
Available from: https://doi.org/10.1016/j.cropro.2016.06.021

Kalsing A, Vidal RA. [Critical density of alexander grass in common
bean]. Planta Daninha. 2013;31(4):843-50. Portuguese. Available from:
https://doi.org/10:1590/S0100-83582013000400010

https://doi.org/10.51694/AdvWeedSci/2024;42:00011

Losses caused by voluntary soybeans

Lindquist JL, Kropff MJ. Applications of an ecophysiological mod-
el for irrigated rice (Oryza sativa)-Echinochloa competition. Weed
Sci.  1996;44(1).52-6. Available https://doi.org/10.1017/
S0043174500093541

from:

Oveisi M, Kaleibar BP, Mashhadi HR, Mller-Scharer H, Bagheri A, Amani
M. Bean cultivar mixture allows reduced herbicide dose while maintain-
ing high yield: a step towards more eco-friendly weed management.
Eur J Agron. 2021;122:126173. Available from: https://doi.org/10.1016/.
eja.2020.126173

Parreira MC, Alves PLCA, Lemos LB, Portugal J. [Comparison of meth-
ods to determine the period prior to weed interference in bean plants
with different types of growth habits]. Planta Daninha. 2014;32(4):727-
38. Portuguese. Available from: https://doi.org/10.1590/S0100-
83582014000400007

Peel MC, Finlayson BL, Mcmahon TA. Updated world map of the
Koppen-Geiger climate classification. Hydrol Earth Syst. Sci.
2007;11(5):1633-44. Available from: https:/doi.org/10.5194/hess-11-
1633-2007

Piasecki C, Rizzardi MA. Yield losses and economic threshold of GR®
F2 volunteer corn in bean. Planta Daninha. 2018;36:1-9. Available from:
https://doi.org/10.1590/S0100-83582018360100098

Santos HG, Jacomine PKT, Anjos LHC, Oliveira VA, Lumbreras JF, Coel-
ho MR et al. [Brazilian system of soil classification]. 5th ed. Brasilia:
Empresa Brasileira de Pesquisa Agropecuéria; 2018 [access Septem-
ber 15, 2023]. Portuguese. Available from: https:/www.embrapa.br/
en/busca-de-publicacoes/-/publicacao/1107206/sistema-brasile-
iro-de-classificacao-de-solos

Sbatella M, Kniss AR, Omondi EC, Wilson RG. Volunteer corn (Zea mays)
interference in dry edible bean (Phaseolus vulgaris). Weed Technol.
2016;30(4):937-42. Available from: https://doi.org/10.1614/WT-D-16-
000371

Schanoski R, Righi EZ, Werner V. [Losses in mechanized harvest
of soybean (Glicine max) in Maripéd - PR]. Rev Bras Eng Agric Ambi-
ent. 2011;15(11):1208-11. Portuguese. Available from: https:/doi.
org/10.1580/51415-43662011001100015

Statistical Analysis System Institute - SAS. User's guide version 6. 4th.
ed. Cary: Statistical Analysis System Institute; 19889.

Tavares LC, Lemes ES, Ruchel Q, Westendorff NR, Agostinetto D. Cri-
teria for decision making and economic threshold level for wild radish
in wheat crop. Planta Daninha. 2019;37:1-11. Available from: https://doi.
org/10:1590/50100-83582019370100004

Velini ED, Osipe R, Gazziero DLP, editors. [Procedures for installation,
evaluation and analysis of experiments with herbicides]. Londrina: So-
ciedade Brasileira da Ciéncia de Plantas Daninhas; 1995. Portuguese.

Westwood JH, Charudattan R, Duke SO, Finnimor SA, Marrone P,
Slaughter DC et al. Weed management in 2050: perspectives on the
future of weed science. Weed Sci. 2018;66(3):275-85. Available from:
https://doi.org/10.1017/wsc.2017.78

Adv Weed Sci. 2024;42:e¢020240072

1


https://www.conab.gov.br/info-agro/safras/serie-historica-das-safras
https://www.conab.gov.br/info-agro/safras/serie-historica-das-safras
https://doi.org/10.7824/rbh.v19i1.704
https://doi.org/10.7824/rbh.v19i1.704
https://doi.org/10.1017/S0021859600059396
https://doi.org/10.1017/S0021859600059396
https://doi.org/10.1017/S0890037X00027524
https://www.embrapa.br/en/soja/ferrugem/vaziosanitariocalendarizacaosemeadura
https://www.embrapa.br/en/soja/ferrugem/vaziosanitariocalendarizacaosemeadura
https://doi.org/10.5935/PAeT.V10.N2.09
https://doi.org/10.5935/PAeT.V10.N2.09
https://doi.org/10.1590/S0100-204X2015000900008
https://doi.org/10.1590/S0100-204X2015000900008
https://doi.org/10.1590/S0100-83582016340300002
https://doi.org/10.1590/S0100-83582019370100047
http://inmet.gov.br/
https://doi.org/10.1016/j.cropro.2016.06.021
https://doi.org/10.1590/S0100-83582013000400010
https://doi.org/10.1017/S0043174500093541
https://doi.org/10.1017/S0043174500093541
https://doi.org/10.1016/j.eja.2020.126173
https://doi.org/10.1016/j.eja.2020.126173
https://doi.org/10.1590/S0100-83582014000400007
https://doi.org/10.1590/S0100-83582014000400007
https://doi.org/10.5194/hess-11-1633-2007
https://doi.org/10.5194/hess-11-1633-2007
https://doi.org/10.1590/S0100-83582018360100098
https://www.embrapa.br/en/busca-de-publicacoes/-/publicacao/1107206/sistema-brasileiro-de-classificacao-de-solos
https://www.embrapa.br/en/busca-de-publicacoes/-/publicacao/1107206/sistema-brasileiro-de-classificacao-de-solos
https://www.embrapa.br/en/busca-de-publicacoes/-/publicacao/1107206/sistema-brasileiro-de-classificacao-de-solos
https://doi.org/10.1614/WT-D-16-00037.1
https://doi.org/10.1614/WT-D-16-00037.1
https://doi.org/10.1590/S1415-43662011001100015
https://doi.org/10.1590/S1415-43662011001100015
http://th.ed
http://th.ed
https://doi.org/10.1590/S0100-83582019370100004
https://doi.org/10.1590/S0100-83582019370100004
https://doi.org/10.1017/wsc.2017.78

