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ABSTRACT - Volunteer corn is considered a weed when its emergence occurs during
the crop cycle in succession, as is the case of volunteer corn plants of hybrids of
Roundup Ready (RR) in crops implanted with RR soybean cultivars. The objective
of'this study was to verify the effect of the interference of different RR plant densities
on the RR soybean crop, as well as to estimate the level of economic damage (NDE).
For this, a field experiment was carried out at two sites in a factorial scheme with four
replications, the treatments consisted of densities of volunteer corn RR (0; 1; 2; 3; 4;
5; 6; 7 and 8 plants m?) competing in the entire soybean cycle. The changes in
morphology and yield components behaved directly proportional to the increment
of volunteer corn densities, with the variable vegetables per plant being the most
strongly affected. The loss of soybean yield at the highest competitor density reached
58%. NDE was closely dependent on the cost of control of volunteer corn plants,
crop yield expectancy, herbicide efficiency, and the price received for the harvested
product, with yield expectancy the most impacting factor. In all simulations, NDE
was found to be very low, less than 0.48 plants m evidencing the need of herbicides
in the control of RR volunteer corn even at low densities.

Keywords: Glycine max, level of economic damage, volunteer corn density, yield
loss.

RESUMO - O milho voluntario é considerado uma planta daninha quando sua
emergéncia ocorrer durante o ciclo da cultura em sucessdo, como € o caso de
plantas de milho voluntario de hibridos Roundup Ready (RR) em lavouras
implantadas com cultivares de soja RR. O objetivo deste estudo foi verificar o efeito
da interferéncia de diferentes densidades de plantas de milho voluntario RR sobre
a cultura da soja RR, bem como estimar o nivel de dano econdémico (NDE). Para
isso, foi conduzido um experimento em campo em dois locais em esquema fatorial
com quatro repetigdes; os tratamentos constaram de densidades de milho voluntario
RR (0,1, 2,3,4,5,6, 7 e 8 plantas por m?) competindo em todo o ciclo da soja. As
alteracdes na morfologia e nos componentes de rendimento se comportaram de
forma diretamente proporcional ao incremento das densidades de milho voluntario,
sendo a variavel legumes por planta a mais intensamente afetada. A perda de
rendimento da soja na maior densidade de competidor chegou a 58%. O NDE foi
estreitamente dependente do custo de controle das plantas de milho voluntério,
da expectativa de rendimento da cultura, da eficiéncia do herbicida e do preco
recebido pelo produto colhido, sendo a expectativa de rendimento o fator mais
impactante. Em todas as simulac¢Ges, o NDE encontrado foi muito baixo, menor
que 0,48 planta m, evidenciando a necessidade do uso de herbicidas no controle
do milho voluntario RR mesmo em baixas densidades.

Palavras-chave: Glycine max, nivel de dano econémico, densidade de milho
voluntario, perda de rendimento.
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INTRODUCTION

The use of herbicide-resistant crops allows greater flexibility in the control of weeds in the
post-emergence period. Thus, the use of resistant crops has grown in Brazil and Latin America.
According to the International Service for the Acquisition of Agri-Biothec Applications (ISAAA)
annual report, in 2014 alone there was an increase of 5.8 million hectares of herbicide-resistant
soybeans grown in Brazil, Argentina, Paraguay and Uruguay (ISAAA, 2014). With the intensive
use of herbicide-resistant crops, problems have arisen with the evolution of resistant weeds, in
addition to the occurrence of resistant volunteer plants, mainly characterized by resistance to
glyphosate.

In corn and soybean succession, Roundup Ready (RR) volunteer corn has become a problem
for post-emergence control in RR soybeans (Marquardt et al., 2012). Volunteer corn was
documented as a weed in soybeans prior to the introduction of RR technology (Andersen and
Geadelmann 1982; Beckett and Stoller, 1988). Volunteer corn plants have a great competitive
ability, being able to grow and develop above the canopy of soybean plants and compete mainly for
light, resulting in yield losses (Page et al., 2010). The potential for damage to soybean yield by
volunteer corn is high compared to other weed plants. The corn, as a competing plant, reduces
soybean yield by the order of 10 to 22% at one plant m=2; this can reach up to 40% with higher
densities (Marquardt et al., 2012; Alms et al., 2016). However, the plants of Euphorbia heterophylla,
Brachiaria plantaginea, Ipomoea grandifolia and Senna obtusifolia at one plant m~2have low potential
to cause damage to soybean yield (Voll et al., 2002). Similarly, high density of Raphanus sativus
(55 plants m™), it has caused losses of soybean yield of 3 to 15% (Bianchi et al., 2011).

One of the main problems that intensify the interference of RR volunteer corn in soybeans
is related to the slow initial development of the soybean plant and its reduced size compared to
the corn plants. These attributes cause the corn plants to cause intense shading, reducing
photosynthetic rate in soybeans and stimulating their stem elongation (Cardoso et al., 2010). In
addition to competing for environmental resources, such as water, nutrients and CO,, volunteer
corn may in some cases interfere with the mechanical harvesting process and serve as hosts
for several insect pests (Marquardt et al., 2012).

Estimation of crop yield losses due to weed interference and determination of an economic
threshold are important components for decision making in the adoption of an integrated weed
management strategy. Economic models based on the economic threshold (ET) help in the decision
making process in terms of methods of control for certain weed populations. Thus, the ET is
characterized by the use of control methods on a plant population when the damage caused to
the grain yield is higher than the cost of the control measures to be adopted (Pester et al., 2000).
The ET takes into consideration the relationship between weed density, expected crop yield,
crop price, and control efficiency. In order to establish an ET, it is necessary to take into account
variables that are dependent on environmental characteristics, crop management, prices of
food and other external factors (Berti et al., 1997).

Information on interference and the ET from volunteer corn plants in soybean crop are scarce.
When available, the information based on the ET is important in supporting measures for
volunteer corn management, providing a more economical and friendly system of crop production.

The hypothesis of the study is that the loss of soybean yield caused by the interference of
volunteer corn varies with the density of the weeds and can be quantified by the use of
mathematical models that enable levels of damage in the crop to be established. Therefore, the
objective of the study was to verify the effects of interference of RR volunteer corn densities on
RR soybean, as well as to estimate the economic threshold level.

MATERIAL AND METHODS

Fields researches were conducted at two locations in the crop season 2014/2015. The first
site was in the experimental field of the Federal University of Santa Maria, campus of Frederico
Westphalen; the second site was a commercial field near Frederico Westphalen, RS. Soil at
these locations was a typical dystrophic red latosol. The climate in the locations where the
experiments were conducted, according to Képpen’s Climate classification, is humid subtropical
climate (CFA). The soil physical and chemical characteristics are showed in Table 1.
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Table 1 - Chemical and physical characteristics of the soil at both sites

Site pH [ Chay | oM P | K ca | Mgt [ A
(%) (mg L™ (cmol, L™

1 4.6 75 2.7 7.2 7.2 2.1 1.2 2.1

2 5.1 72 2.5 5.6 7.0 5.2 2.1 2.5

The experimental design was a randomized block design, with a 2 x 7 factorial scheme and
four replicates. The treatments consisted of two sites and RR volunteer corn densities of O, 1, 2,
3,4,5,6,7 and 8 plants m=. Each experimental plot contained eight rows of plants, 4.0 m long,
with row spacing of 0.45 m. The soybean crop was grown in succession to corn. Experimental
sites were kept free of weeds other than volunteer corn by application pre-planting of glyphosate
(900 g ha'!) and paraquat (400 g ha'!) in sequential application with a seven-day interval. The
soybean seeds were inoculated with Bradyrhizobium japonicum, in the proportion of 0.5 kg of
inoculant for each 60 kg of seeds. A glyphosate-resistant soybean cultivar (NA 5909 RR) was
planted manually on December 19, 2014 at 288.888 seeds ha‘l. Volunteer corn F2 was planted in
soybean narrow row adjusted according to the respective volunteer corn densities. After planting,
irrigation was performed equivalent to 15 mm of rainfall. Figure 1 presents data for rainfall
(mm) and maximum temperatures during the crop season. The emergence of soybean and
volunteer corn occurred at eight days after planting.

The post-emergence application of herbicides was performed with glyphosate (900 g ha!) at
the V, and V, soybean growth stages. Lufenuron and Tiametoxam + Lambda-Cialotrina were
applied as necessary according to recommendations for insect control. Control of soybean Asiatic
rust involved application of Trifloxistrobina + Protioconazol from the R1 soybean growth stage
and then every 21 days. All pesticide treatments were applied using a back-pack sprayer fitted
with a 80015 conical nozzle and calibrated to deliver 200 L ha.

At maturity, 10 arbitrarily selected plants was used for measurement of soybean height,
stem diameter, and number of branches, nodes and pods plant!. Soybean grain yield was
determined by manual harvesting of two central rows from each plot; the grains were adjusted to
13% moisture content and yield expressed as kg ha'.
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Figure 1 - Temperature and precipitation in Frederico Westphalen, RS, Brazil, 2014/2015.
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The soybean yield data were transformed into a yield loss (YL%) in relation to volunteer
corn-free (Equation 1):

YL(%)= 100 (eq. 1)

R1-R2
—X
1
where: R1 = yield of grain from volunteer corn-free plots; R2 = yield of grain at each density of

volunteer corn.

The data were submitted to analysis of variance using the F-test (p<0.05), and when the
significant was adjusted to the linear or nonlinear regression model between independent and
dependent variables. The soybean yield was adjusted to the nonlinear regression model of the
rectangular hyperbola proposed by Cousens (1985) (Equation 2), which describes the behavior of
the grain yield as a function of the level of volunteer corn:

YL = (xD)/(1+(i/ a)xD) (eq. 2)

where: YL = yield loss relative to volunteer corn-free plots; D = volunteer corn density; I = yield
loss per unit of volunteer corn when the density approached zero; a = maximum yield loss with
the increase of volunteer corn density tending to infinity.

The adjustment of the data to the model was performed by the PROC NLIN procedure of the
Statistical Analysis System (SAS) computer program, and the graphs were constructed using
SigmaPlot 10. To calculate the ET, we used the estimates of parameter i obtained from the
equation cited before and Equation 3, adapted from Lindquist and Kropff (1996):

(we)

) o

In which: ET = economic threshold (plants ha!); WC = weed control cost (herbicide and application,
in US$ ha'!); Y = soybean grain yield (kg ha'!); P = soybean price (US$ bag?); i = soybean loss yield
(%) per volunteer corn unit when the density level approaches zero and H = herbicide efficiency
(%).

ET=

For ET calculation purposes, three values were estimated for soybean yield potential, soybean
price, control cost and herbicide efficiency in volunteer corn. The crop yield range was estimated
as 2000, 3500 and 5000 kg ha!, which are expected soybean yields in the state of Rio Grande do
Sul (CONAB, 2016). The minimum, average and maximum prices offered for a 60 kg bag of soybean
in the last five years in the average of Rio Grande do Sul were US$ 16.4, 21.8 and 27.3 bag?,
respectively (CONAB, 2016). The cost of control took into account the average price of herbicides
recommended for post-emergence management and the cost of application (tractor + sprayer);
this was US$ 30.3, 36.4 and 42.4 ha'l. For herbicide efficiency in the control of volunteer corn,
the range of values consisted of 80, 90 and 100%.

RESULTS AND DISCUSSION

There was a significant interaction between location and volunteer corn density to soybean
stem diameter. For the others variables, there was no local effect, only an effect of volunteer
corn density.

The volunteer corn densities caused changes in the height and stem diameter of the soybean
(Figure 2). Soybean height was correlated to increasing volunteer corn density, and there was
an estimated increase of 1 cm for each corn plant added (Figure 2A). The increase in soybean
height is outcome of the light interference by corn, as a strategy to avoid future competition, and
its result in alteration of physiological processes related to hormonal dynamics and cell division,
reducing the crops ability to absorb water and soil nutrients required to perform photosynthesis
(Jensen et al.,1998).
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Figure 2 - The soybean height (A) and reduction of the soybean stem diameter (B) as a function of the volunteer corn density.
Frederico Westphalen, RS, Brazil, 2014/15.

The greatest height of the soybean plants with increasing volunteer corn density can be
attributed to the weed community, and the changes caused by weeds in light quality help the
crop detect the proximity of neighboring, which impacts on the increase of the plant height as a
way of capturing the maximum available radiation and shading weeds (Rajcan and Swanton,
2001). The red/far-red ratio perceived by phytochromes plays an important role in the induction
of many morphological alterations in plant architecture, such as an increase in the proportion
of stem accumulation (Ballare and Casal, 2000). The shading caused by weeds changes the
patterns of photoassimilate allocation for investment in shoot growth, will result on fitness cost
for below-ground resource competition, like water and soil nutrients (Rajcan and Swanton, 2001).

The reduction in soybean stem diameter was proportional to the increase in weed plant
density (Figure 2B). At site 1, there was a greater effect of volunteer corn densities, where the
reduction was 10.2 and 52.7% with increase in corn density from 1 to 8 plants m2, respectively.
However, the reduction in soybean stem diameter at site 2 was 11 and 49.5%, respectively, with
the same increase in weed plant density. The reduction of stem diameter is directly linked to
increase of height plant. The elongation stem causes a decrease in stem diameter of the crop,
since weeds induce a change in the light quality in the lower canopy, causing a reduction in the
stem thickness development (Crotser et al., 2003).

The interference of volunteer corn also reduced the number of nodes on the main stem
(Figure 3A). The nodes was reduced to 20, 30 and 48% when volunteer corn density varied from
2, 4 and 8 plants m?, respectively, competing throughout the soybean cycle. Similarly, the number
of lateral branches was reduced by 15, 41 and 60% when the competing corn densities were 2, 4
and 8 plants m2, respectively (Figure 3B).

In conditions of high competition, there is less availability of photoassimilates for branch
growth, since they are preferentially destined for main stem growth (Martins et al., 1999). In the
same way, treatments with lower plant densities provided a faster growth of the crop, therefore,
it can be inferred that weed interference inhibits lateral branch growth in soybean plants (Carvalho
and Veline, 2001). The redution in the number of soybean branches was noted with Bidens spp.
and Sida rhombifolia interference in soybean, which negatively impacted mainly on the number
of lateral branches on the soybean plant (Fleck et al., 2004).

The number of pods per plant was the component most severely affected by the increase in
volunteer corn densities (Figure 4A). Corn interference caused a 24 to 74% reduction in the
number of pods when volunteer corn densities increased from 1 to 8 plants m™, respectively.
These results are consistent with those reported by Silva et al., (2008), who found that number
of soybean pods was the variable that was most affected by low, medium and high infestation of
the weed community, reducing the number of pods per plant by 58 to 78%..
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Figure 3 - Reduction of the soybean number of nodes in the main stem (A) and the number of lateral branches (B) as a function of
the volunteer corn density. Frederico Westphalen, RS, Brazil, 2014/15.
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Figure 4 - Reduction of the soybean number of pods per plant (A) and soybean yield loss (B) as a function of the volunteer corn
density. Frederico Westphalen, RS, Brazil, 2014/15.

The most important variable that was affected by weed interference is crop grain yield.
Volunteer corn plants, even at low densities, are capable of altering the development of soybean
by reducing their yield. The reduction in soybean yield in competition with volunteer corn plants
ranged from 11 to 58% in the range of plant densities used (Figure 4B).

From the regression analysis by the hyperbola model, it was possible to estimate the
parameters that enabled comparing the interference of the species on the crops (Rizzardi et al.,
2003). The model incorporates the parameter i, which represents the loss of yield caused by the
addition of the first weed. For the interference of volunteer corn, the i value was 15.4, and the
maximum yield loss (parameter a) was estimated as 58.9%.

In soybeans, it was estimated that the yield loss caused by the addition of each Bidens spp.
and Sida rhombifolia plant was 1.58 and 0.69%, respectively (Rizzardi et al., 2003), indicating an
extremely low value when compared to i values of volunteer corn (Figure 4B). Reports have verified
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that volunteer corn causes yield losses in soybean of 10 and 41% with 0.5 and 16 corn plants m™2,
respectively, and showed an ivalue of approximately 25% and a value of 46%, (Marquardt et al.,
2012). In a previous study, 0.3 volunteer corn plants m~ reduced soybean yields by 9%, increasing
to 51% with 4.4 plants m=2, with an i value of 40 and a value of 70% (Alms et al., 2016). This
indicated the high competitive ability of volunteer corn which may make the crop more susceptible
to its interference.

The yield of soybean in weed-free plots was 3984 kg ha!, and the loss estimated at the i
value corresponded to 614 kg ha'l. Taking into account the price of a 60 kg bag of soybean of
US$ 21.8 bag'!, this equates to a monetary loss of US$ 223 ha'! for each volunteer corn plant m=2.
Assuming the price of the product to be from US$ 27.3 to 16.4 bag, the loss in monetary value
varied from US$ 279 to 167 ha’!, respectively, for each volunteer corn m2 according to the i value.

In general, the ET values for volunteer corn are low, which indicates the aggressiveness of
the volunteer corn in reducing crop yield. The cost of weed control is a relevant factor in
determining the level of ET (Figure 5). Any increase in the herbicide costs or its application
means increases in the ET. Increasing weed control costs from US$ 30.3 to 42.4 ha'!, increases
the ET from 913 to 2737 volunteer corn plant ha'! (0.930 to 0.2737 plants m™?), respectively, based
on an average soybean yield of the 3500 kg ha''. On the other hand, when soybean yields are
reduced and weed control costs are high, the ET values increase to 4800 plants ha!
(0.4800 plants m™).

Effectiveness of herbicide treatment depends on a number of factors related to herbicides,
weeds and climatic conditions. Thus, the choice of the active ingredient, dose, plant size, and
soil and air humidity conditions at the time of application may result in high levels of control
when these variables are favorable, or, where any of these factors are limiting, control may be
less effective and may not totally prevent interference with the crop.

The price of the soybean crop is another factor that affects decision making in the control of
volunteer corn (Figure 5B). Three different prices paid for soybean grain (US$ 16.4, 21.8 and
27.3 bag') were estimated in this study. When the high price are offers for soybean, the ET of the
volunteer corn is reduced. When the price of soybean increased from US$ 16.4 to 27.3 bag’!, the
ET reduced from 2756 to 1372 volunteer corn plants ha' (0.2756 to 0.1372 plants m™) based on
average values of crop yield. In the same sense, when the price offered for the product rises and
the expected crop yield increases, the ET of the volunteer corn is even lower.

Assuming the receipt of US$ 27.3 bag! soybean and the expectation of a high yield of
5000 kg ha'!, the ET presented an extremely low value of 959 ha' volunteer corn, emphasizing
the high capacity for interference in soybean crop and the need for control of volunteer corn,
even at low densities.

The selection of herbicides with lower efficiency indicates an increase in ET (Figure 5C).
The recommended doses for herbicides are usually defined in order to achieve an effective
control under a wide range of environmental and management conditions, but sometimes
inadequate weed management or adverse environmental conditions can reduce herbicide
efficiency. Three levels of herbicide efficiency (80, 90 and 100%) were considered in the study.
Considering an efficiency of 80%, the ET for the volunteer corn was 2044 plants ha'!
(0.2044 plants m2). However, with 100% control, the ET dropped to 1640 plants ha'!
(0.1640 plants m™), based on average values for crop yield of 3500 kg ha!. Although low densities
of competing plants may not significantly affect the final grain yield of the crop, harvesting
delays and problems with the harvesting equipment itself are likely to occur (Czapar et al.,
1997).

Regardless of the simulations, the ET of volunteer corn in soybean was very low
(<0.48 plants m~). This was interpreted as indicative of the need to control this earlier volunteer
plant due to the high risk of yield losses. Some herbicides are indicated for the control of volunteer
corn, where soybean yield was ensured by effectively controlling glyphosate-tolerant volunteer
corn with a single application of clethodim (108 g ha'!) at stage V6 of soybean growth, or sequential
applications at V3 and V6 growth stages (Lopez Ovejero et al., 2016).

It is concluded that glyphosate-resistant volunteer corn adversely affects the soybean grain
yield proportionally to the increase in plant density, with the number of pods per plant being the

Planta Daninha 2018; v36:¢018178310




AGUIAR, A.C.M. etal. Interference and economic threshold level of volunteerr corn in soybean

ET (plants ha) ET (plants ha')

ET (plants ha')

5000

4000

3000

2000

1000

5000

4000

3000

2000

1000

5000

4000

3000

2000

1000

(A)

2000

3500 5000

Crop yield (kgha')

2000

3500 5000
Crop yield (kgha')

2000

3500 5000
Crop yield (kgha'l)

®)

©

Figure 5 - Economic thresholds (ET) of volunteer corn for soybean, according the simulations of expected crop yield, control cost
(A), soybean price (B) and herbicide efficiency (C). Frederico Westphalen, RS, Brazil, 2014/2015.

variable most affected by the interference. With the determination of the ET, it can be concluded
that with increases in soybean grain yield, soybean prices and herbicide efficiency, there is a
reduction in ET. In contrast, increase in the costs of weed control raise the ET. In all simulations,
ET values were very low, less than 0.48 plants m=2, demonstrating the need for herbicide control

of volunteer corn, even at low densities.
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