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ABSTRACT

The presence of volunteer corn plants among soybeans, both resistant to glyphosate, has increased in recent
years in Brazil. The objective of this study was to quantify the impact on the agronomic performance in RR soybeans
by the presence of volunteer RR corn in field conditions. The experiment was conducted in Tiradentes do Sul (RS),
2018/19 harvest. The experimental design used in the experiment was randomized blocks with four replications: control
in the clean (only soybean) and eight densities of volunteer corn in soybean crop with 1, 2, 3, 4, 5, 6, 7 and 8 corn plants
nr2. In the physiological maturation of soybean, plant height, number of lateral branches, stem ,dieiggiteof
insertion of the first pod, number of pods plaand grain yield were evaluatédl variables analyzed were negatively
affected by the increase in the density of volunteer corn infestation, where the variables grain yield and number of
pods plant were the most &cted, 63% and 81%, respectivé@lire presence of volunteer corn has a high capacity to
reduce the yield of soybeans in the proportion of 500 Kgpkent® of corn n?, and even at low densities, it needs
control.

Keywor ds: Competition,Glycine maxWeed;Zea mays

INTRODUCTION The so-called volunteer corn originates from the
A widely used altivation alternative in Brazil germination of grains lost by mechanized harvesting that
’ l?gcomes a weed in the soybean crop competing for,water

especially in intensive systems of commercial areas, = | d coand be elimi d by th
the succession of off-season soybeans after cotd t, nutrients and Cfand cannot be eliminated by the

cultivation. Howeverwith the emeagence oftechnologies application of the glyphosate herbicide, since it ends up

. eing resistant to this type of herbicide.
such as the use of Roundup Ready (RR) grains, tRe 9 . yp
The potential for volunteer corn to cause damage to

succession of crops results in a new problem for plantins% L
¢ h ds (Aqutal 2017). F | ybean crops is high when compared to other weeds.
systems, such as weeds (Aguital, ). Forexample, For example,Ilpomoea grandifolia Euphorbia

the presence of volunteer RR corn plants in CoeXiStenﬁgterophyllaor Brachiaria plantagineaplants in the
with soybean has been increasing since the introductiagnsity of one plant fhave low potential for loss of
of glyphosate-resistant corn varieties on the market (Br%ybean yield (91l et al, 2002). On the other hand, the
etal, 2019). high density ofRaphanus sativu§s5 plants m), in
Several weeds are commonly found in soybean crogggition to the reduction of plant height and branch length,
in Brazil and their levels of economic damage are knowgaused losses in soybean yield by 3 to 15% (Biaethi
However plants that were not considered harmful to cropsi., 2011). Volunteer corn plants have great capacity for
now have this characteristic, as in the case of volunteggmpetition for growth and development above the
corn with RR technology that ends up competing witlanopy of soybean plants (Pagel.,2010), and can also
soybean in succession and has become a problem dause metabolic changes due to the occurrence of
post-emergence ctnl in RR soy (Marquardit al, 2012). oxidative stress in soybean plants (Piasetkl, 2018a),
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resulting in a reduction in plant growth and loss of grain The experiment was carried out in random blocks with
yield. As a weed, volunteer corn reduces soybean yiefdur replications of the following treatments: Control -
by 10 to 22% plantm? on average (Aguiat al.,2017). area in the clear (RR soybean only) and eight densities of
However this can be over 40% with high densitieRR corn in the soybean crop with 1, 2, 3, 4,5, 6, 7 and 8
(Marquardtet al, 2012;Alms et al,, 2016;Aguiaret al.,  corn plants m. Each experimental plot contained 16 lines
2017; Piaseclet al.,, 2018b). Thus, the continuous use 0bf 6 meters in length with a spacing between lines of 45
RR cultivars tends to reduce crop yields, especially fam, totaling 43.2 . The useful area considered for each
off-season soybean in succession to cAotording to plot was the eight central lines (3.6 m) with 3.0 min length
Piasecket al (2018b), the incorrect handling of herbicideg10.8 n¥). Before the installation of the experiment, a dose
and mechanical losses due to the previous harvest afe2.5 L ha' of glyphosate (356 g1 and another
the two main factors that are related to the presence safbsequently after five days of 2.0 L'haf paraquat
volunteer corn among soybean crops. dichloride (200 g %) were applied to total desiccation of
According to Brazt al.(2019), the level of volunteer the plants in the experimental area.
corn interference as a weed in soybean crops depends onThe sowing of the soybeans was carried out in
several factors such as infestation denkigation, length succession to early corn crop on the same day as the
of stay and crop stagAlso, there are few site studies,application of paraquat dichloride. Before sowing, the
specifically the response to interference imposed by coseeds were treated wittadyrhizobium japonicunwith
plants due to the sowing of soybean cultivars with differepteat-type inoculant, using 0.5 kg of inoculant for every 60
growth habits, development cycle, volunteer corikg of soybean seeds. The soybean cultivar resistant to
infestation densities and type of specific local climateglyphosate (NA 5909 RG) of the undetermined-growth type
(Nordbyet al, 2007; Brazt al. 2019). There are studies inand semi-early cycle, was sown with a mechanized seeder
the literature that assess the interference of volunteer camthe December2018, with a density of 292,000 plants
in soybeans, but few verify the interference in conditionisa®. Next, F2 volunteer corn, from the cultivar Coodetec
of local agroecosystems, short-cycle cultivars and 108410 RR, was sown manually and randomly distributed
densities of volunteer corn. The hypothesis of this studlleatory in between rows of each soybean plot, according
is that, due to the competition capagclow densities of to the respective density of treatments volunteer corn.
volunteer corn plants are capable of promoting loss in tiide presence of weeds in the soybean crop, except for
yield in soybean culture in the mesoclimate of theorn, was controlled manuallyrhe application of
Northwest region of Rio Grande do Sul. Thus, the objectifiangicides and insecticides was carried out according to
of this study was to quantify the impact on agronomithe technical recommendation of the soybean crop. The
performance caused by the presence of volunteer RR cesperiment was carried out under natural conditions and

in RR soybean under field conditions. without irrigation (Figure 1).
At maturity, stage R8, ten soybean plants from the
MATERIAL AND METHODS useful area of each plot were randomly selected for

The field experiment, in a crop area, was carried out gvaluation of the plant height, number of lateral branches,
the 2018/19 harvest in the locality of Linha Formosa, istem diameterheight of insertion of the first pod and
Tiradentes do Sul, State of Rio Grande do Sul (RS), latitnumber of pods planit To determine the height of the
de 27°23'51" south and longitude 54°05°02" west, 40@lants, a measuring tape was used for measuring from the
meters above sea levedccording to the Képpen surface of the soil to the apex of the plant. Determination
classification, the climate in the region where thef the height of insertion of the first pod was also used to
experiment was conducted is humid subtropical (Cfa). Theeasure the distance from the soil surface to the first pod.
soil at the beginning of the experiment was evaluated fdhe diameter of the stem at ground level was measured
its physical-chemical composition gble 1).The soil with a digital caliper Regarding the number of lateral
fertility levels were corrected following the recommendabranches, all the branches that had pods were counted,
tions of the CQFS RS/SC (2016). starting from the main stem of each plant. The soybean

Table 1: Chemical and physical characteristics of the soils in the area at the beginning of the experiment.

pH? \% SOM Clay Ca Mg Al H +Al S P K Cu Zn B
H,0 % mmol _dm* mg kg*
5.9 84.8 41 56.0 121 44 0.0 3.1 11.3 46 2200 170 201 0.1

apH: Hydrogen potentialy: Base saturation; SOM: Soil ganic matter; Ca: Calcium; Mg: Magnesiuil; Aluminum; H +Al: Potential
acidity; S: Sulfur; P: Phosphorus; K: Potassium; Cu: Copper; Zn: Zinc; B: Boron.
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grain yield was determined by manual harvesting of th@e development of both of theiccording to Paget

four central lines of each plot. The grain weight waal. (2010), volunteer corn plants have a large growth
adjusted to 13% moisture and the yield expressed in kgpacity above the canopy of soybean plants, resulting
ha?. in a reduction in the growth of soybean plants.

The data were subjected to analysis of variance, and Radosevichet al. (1997), found that the weed, in
when significant, adjustments between models for cothe case also applied to volunteer corn, reflects light at
populations were made using polynomial regressiamcertain wavelength, which is recognized by the plants
analysis. The computer program software Genes was ugddhe other crop, which causes soybean to increase its
(Cruz, 2006). height to capture the maximum of solar radiation. Ballare

& Casal, (2000) report that from that moment, the plant
RESULTSAND DISCUSSION begins to adjust its growth according to the presence

The presence of volunteer corn positivelyf weeds. Similar data from older studies recorded by
influenced the height of the soybean, the higher thesechie (1992) had already registered a relationship
density of corn, the greater the height of the soybedretween the height increase of the planted species in
plants, in the proportion of 0.67 cm for each corn plantlation to the weed. Studies from the last 10 years (Sil-
added in the area (Figure 2). Brazal (2019) also vaet al, 2009;Aguiaret al, 2017; Brazt al, 2019),
observed a positive correlation in the height of soybeasport that, in addition to the competition for light and
plants as the density of corn plamiguiaret al (2017), increase in plant height, with the coexistence between
observed an increase of approximately 1 cm in thée cycle of species there will also be competition for
height of the soybean plants for each corn plant, 49%wil nutrients, as well as for watevhich may cause a
higher to the result obtained in our studyhese drop in the crop yield.
changes in the morphology of the soybean plants, The insertion of the first pod in the soybean
which are higher than the normal pattern, indicate thabrresponds to the height measurement in relation to the
they are in a competitive environment with the weedspil up to the point where the insertion of the first pod
although this competition is apparently not critical fowith grain appears in the main stem of the plant. The higher
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Figure 1: Rainfall and average air temperature over the experimental period. Tiradentes do Sul, RS, Brazil, 2018/19.
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Figure 2: Height of soybean plants and density of volunteer corn plants.
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the density of volunteer corn in soybeans, the higher td¢. A density of three volunteer corn plants per square
pods insertion (Figure 3). The insertion of the first podheter has already caused a decrease by 30% in the stem
was 21.8 cm, whereas in a competition environment, diameter of soybean plants. This decrease reached more
was 0.35 cm higher for each volunteer corn plant in thban 50% with the insertion of eight corn pladtstudy
area. Piregt al. (2012), state that plants with lower firstby Aguiaret al.(2017), showed an average reduction of
pod insertion tend to have higher yield in grain productior31% in the stem diameter of two soybean cultivars with
In this sense, for the cultivar used, the result obtainewrn density of 1 to 8 plantsnThis decrease in stem
indicates a reduction in grain production in soybeadiameter is directly linked to the increase in the height of
culture According to Merott@t al (2002), the interference soybean plants, which increased by about 10 cm with
to the passage of sunlight caused by the weed directlye presence of eight corn plants?rfFigure 2).
affects the insertion of the first pod in the soybean plamiccording to Brazt al (2019), in general, etiolate plants
as it reduces its photosynthetii@ency. In addition, it tend to have a smaller stem diamgtgtich leaves them
is possible to observe a variation in the morphologicahore exposed to lodging. Crotseral (2003), report
behavior such as horizontal growth to increase the letifat the elongation of the plant causes a decrease in the
area of the plant. diameter of the stem, as weeds induce a change in the
The measure of the stem diametaeasured on the quality of light in the lower canopyherefore, reducing
main stem before the first branching of the plant, showebe diameter of the stem.
that the reduction in diameter was proportional to the The number of side branches also decreased with the
increase in the density of volunteer corn plants (Figurgesence of volunteer corn (Figure 5). While the stem
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Figure 3: Insertion height of the first pod and density of volunteer corn plants.
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Figure 4: Stem diameter of soybean plants in relation to weed density of volunteer corn.
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reduction reached just over 50% with eight plants of corcorroborates those obtained Bguiar et al. (2017),
m (Figure 4), the number of branches was reduced Byiowing that the volunteer corn plants caused a
almost 60% with this same plant densithis result reduction of 24 to 74% in the number of pods ptant
corroborates with Braet al. (2019), who observed a when submitted to densities of 1 to 8 plantg,m
reduction of 15, 41 and 60% when competing with corn aéspectively Silvaet al. (2008), found that in the areas
densities of 2, 4 and 8 plants?nrespectivelyIn this  of low, medium and high infestation of several species
context, the development of the soybean crop is delayefiweeds, at the end of the cycle, there was a reduction
with the presence of a greater number of corn plants. Caif-58, 71 and 78%, respectively in the number of soybean
valho &Veline (2001) found a delay in the lateral growttpod plant. Juan et al. (2003), observed that among the
of soybean plants when they competed for solar radiaticomponents of the soybean yield, the number of pods
and nutrients with weeds. Bianddti al. (2011), showed plant® was the most affected by the competition of
that soybean cultivars in competition wiRaphanus Euphorbia dentatawith reductions of 40% in relation
sativusreduced plant height, average branch length and the treatment without weeds. Howevaccording to
soybean yield. Lamegoet al. (2004) this effect is related to the soybean
The number of pods plahtvas the component most cultivar, showing that cultivars with highly competitive
affected by the increase in the density of volunteer coability, in addition to tolerating competition, preserving
plants (Figure 6)Volunteer corn plants caused up tahe yield potential, also suppress the grain production
81% reduction in the number of pods planthen of competing plants. The space limitation, both aerial
subjected to the densities of 8 plants$.fihis result and underground, promoted by the volunteer corn

y = 0.0558%? - 0.9468x + 7.0879
R2=10.95
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Figure 5: Number of lateral branches in soybean plants and density of volunteer corn plants.
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Figure 6: Percentage of soybean pods ptacording to the density of volunteer corn.
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plants, could also affect the formation, growth andight, water and nutrients, the intense reduction in
development of the reproductive structures of the s®oybean yield under the influence of volunteer corn may
plants; howeverit is not possible to state which of thebe related to oxidative stress resulting from the greater
factors is the most relevant. The number of pods inmoduction of reactive oxygen species (ROS), such as
plant is a prior indication of the yield of soybeans in &ydrogen peroxide (}D,). This data is worrying when
given area. In our studyhe number of pods showed aconsidering production costs, since the yield becomes
high degree of correlation with grain yield £r0.92; p < less than 40% of the expected when the density is 8 plants
0.05). Juaret al. (2003), also observed high levels ofm? (Piasecket al, 2018a). Thus, it is important to carry
correlation between grain yield, number of pods plantout the proper management of crops and techniques to
and weight of 1000 soybean seeds, 98 and 85%gntrol volunteer corn plants to improve the grain yield
respectivelyThus, according to Silvat al. (2008), the of the soybean crop. The use of soybean cultivars with a
number of pod plaritis one of the yield componentssemi-early cycle and indeterminate growth may have
most affected by weeds in the soybean crop. influenced the reduction in the number of pods and grain
Our study found that the final consequence of thgeld, even in low densities of volunteer corn, as cultivars
presence of volunteer corn plants is the yield of soybearth a shorter cycle are generally more susceptible to
grains (Figure 7). It can be seen that the soybean yieddmpetition and stress.
decreased by 63% in the presence of 8 plantsom It was also possible to estimate with our stuidy
volunteer corn. Piasecokt al (2018b) observed a maximumaddition to the negative effect of the presence of
loss of 83% with 13 maize plants’nwhich is 32% higher volunteer corn plants on soybean grain yield, the
than that observed in our studyguiar et al (2017), economic loss. The presence of only one corn plant per
observed a reduction of up to 58% in soybean grain yielsiguare meter resulted in a reduction of 500 kg of
also with 8 plants rh Brazet al. (2019) found for each soybeans h&(Figure 7). The average price offered per
volunteer corn plant rha reduction of 9.3 and 13.5% for bag of 60 kg of soybeans in March 2020 in Brazil was $
soybean cultivars BMX Poténcia RR and M8210 IPRCL5.86 (CONAB, 2020). In financial terms, there would be
respectivelyin Brazilian Cerrado conditions. Marquardta loss of $ 132.16 plahbf volunteer corn i Aguiaret
et al. (2012), concluded that the reductions in soybeaal. (2017), in a more detailed stydyith the expectation
yield varied from 10 to 41%, where the densities of earlyaf high grain harvest, 5000 kghand $ 27.3 per bag,
emerged volunteer corn varied from 0.5 to 16 plants mpresented an economic loss with 0.96 plants volunteer
respectivelyAlms et al (2016), showed that 0.3 and 4.4corn m?. Although the price of soybean and the cost of
plants n¥ of volunteer corn reduced 9 and 51% theontrol are factors that affect the control decision, in
soybean grain yield, respectively practice, with one plant per square mgterould indicate
The reduction in grain yield is one of the factors moghe level of need for controlling volunteer corn. Finally
impacted by the presence of volunteer corn in soybeaiitsshould be noted that the results obtained in our study
As already observed in the number of pods, grain yietbme from and reflect the interference of low density of
has also been greatly reduced with the increase in thelunteer corn in a short-cycle soybean cultivar in
density of volunteer corrAlso, according to study by mesoclimate and agroecosystem in the northwest region
Piasecket al (2018a), in addition to the competition forin the State of RS.
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Figure 7: Grain yield and density of volunteer corn plants.

Rev CeresVicosa, v69, n.2, p. 203-209, mar/a@2022



Agronomic performance of soybeans with the presence of volunteer RR corn 209
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Plant height, number of side branches, stem diametercanopy width characteristicsVeed Technology 21:1082-8.
height of insertion of the first pod, number of pods anflage ERTollenaar M, Lee EA, Lukens & Swanton CJ (2010)
soybean yield are negatively affected by the increase inShade avoidance: an integral component of crop-weed

the density of volunteer corn RR infestation. competition.Weed Research, 50:281-288.
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P 9 p y(2018a) Does the interference of GR volunteer corn alters stress

to reduce the grain yield of soybeans in the proportion of metabolism on soybean? Planta Daninha, 36:€018171955.

500 kg ha plant* m? and needs control, even at l0Wpjasecki C, Rizzardi MA, Schwade DRes M & Sartori J (2018b)
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ACKNOWLEDGEM ENTS’ FINANCIAL Pires LR Peluzio JM, Cancellier LL, Ribeiro GR, Colombo GA
SUPPORT AND FULL DISCLOSURE Afférri FS (2012) Desempenho de gendtipos de soja, cultivados

. . . . . na regido centro-sul do estado @ocantins, safra 2009/2010.
There is no conflict of interest in the execution and gjoscience Journal, 28: 214-223.

publishing this study Radosevich SR, Holt J & Ghersa C (199®eed ecology:
implications for management™2ed. NewYork, JohnWiley &
REFERENCES Sons. 589p.
Alms J, Moechnig MVos D & ClayAS (2016)Yield loss and  gjlva AF, Concengo GAspiazu |, Ferreira EA, Galon L, Freitas
management of volunteer corn in soybedfeed Technology MAM & Ferreira FA (2009) Periodo anterior a interferéncia na
30:254-62. cultura da soja-RR em condicGes de baixa, média e alta infestacao.

Aguiar ACM, Basso CJ, Muraro DS, Pansera E & Silva DRO (2018) Planta Daninha, 27:57-66.
Interference and economic threshold level of volunteer corn ifyo|| E, Gazziero DLPBrighentiAAM & Adegas FS (2002) Com-
soybean. Planta Daninha, 36:e018178310. peticdo relativa de espécies de plantas daninhas com dois culti-
Ballare CL & Casal JJ (2000) Light signals perceived by crop and vares de soja. Planta Daninha, 20:17-24.
weed plants. Fields Crops Research, 67:149-60.

Bianchi MA, Fleck NG Agostinetto D & Rizzardi MA(2011)
Interferéncia deRaphanus sativusa produtividade de cultiva-
res de soja. Planta Daninha, 29:783-792.

Braz LBR Braz GBP Procépio SO, Ferreira CJB, Sil¥& & Braz
AJBP (2019) Interference of volunteer corn on soybean grown
under cerrado conditions. Planta Daninha, 37:e019186093.

Carvalho FT& Velini ED (2001) Periodos de interferéncia de
plantas daninhas na cultura da soja. | - Cultivar IAC-11. Planta
Daninha, 19:317-322.

Campanha Nacional débastecimento — CONAB (202®com-
panhamento da safra brasileira de graos. Safra 2019/20 — Séti-
mo levantamento. Brasilia, Estidio Nous. 66p.

Crotser MR Witt WW & Spomer LA (2003) Neutral density
shading and far-red radiation influence black nightshade
(Solanum nigrum and eastern black nightshad8o(anum
ptycanthum growth. Weed Science, 51:208-2013.

Cruz CD (2006) Programa GENES: biometNdgosa, UFV 382p.

Esechie HA (1992) Effect of planting density on grow thand yield
of irrigated maize Zea may}y in the Batinah Coast region of
Oman. Journal oAgricultural Science, 19:165-169.

JuanVF, Saint-Andre H & Fernandez RR (2003) Competencia de
lecheron Euphorbia dentatpen soja. Planta Daninha, 21:175-
180.

Lamego FPFleck NG Bianchi MA & Schaedler CE (2004jole-
rancia a interferéncia de plantas competidoras e habilidade de
supressao por genétipos de soja — Il. Resposta de variaveis de
produtividade. Planta Daninha, 22:491-498.

Merotto Jr, Vidal RA, Fleck NG &Almeida ML (2002) Interfe-
réncia das plantas daninhas sobre o desenvolvimento inicial de
plantas de soja e arroz através da qualidade da luz. Planta Dani-
nha, 20:9-16.

Marquardt PT Krupde C & JohnsomWWG (2012) Competition of
transgenic volunteer corn with soybean and the effect on western
corn rootworm emeence.Weed Science, 60:193-198.

Rev CeresVicosa, v69, n.2, p. 203-209, mar/a2022



