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Abstract
The objective of this study was to evaluate changes in soybean secondary metabolism and soybean yield
components when subjected to coexistence periods with volunteer corn and established horseweed (Conyza spp.)
regrowth. Two field experiments were conducted in the agricultural years 2015/2016 and 2016/2017 at Passo
Fundo University, Passo Fundo, Rio Grande do Sul, Brazil. Experiment I was conducted in the agricultural year
2015/2016 in order to establish periods of coexistence between soybean and corn. The treatments consisted of two
soybean densities in the main plots (175,000 and 350,000 plants ha-1) and different periods of coexistence between
soybean and corn in the subplots. Experiment II was conducted in the agricultural year of 2016/2017 in order to
investigate the interference of regrowth horseweed during coexistence periods with soybean. The total phenols,
flavonoids, saponins, soybean yield components and seed yields were evaluated. Volunteer corn that initiates
growth after the V4 soybean stage and horseweed regrowth during cultivation do not adversely affect secondary
metabolism, seed yield or soybean yield components.
Keywords: competition, flavonoids, phenolic compounds, productivity, saponins
1. Introduction
The competition between weeds and crops is a type of negative interference where the organisms involved
compete for the environment resources, light, nutrients and water. The degree of severity depends on factors such
as species, density and distribution of weeds, crop cultivars, spacing and density, as well the environmental
conditions and the period in which weeds interfer (Radosevich et al., 2007). The competition period is a
determinant of the degree of interference, since weeds that emerge prior to or together with a crop have greater
competitive potential than weeds that emerge later in the crop cycle. This is primarily due to the priority access to
environmental resources (Piasecki, 2015; Tironi et al., 2014). Although the late weed emergence in relation to the
crop development is less competitive in terms of yield, the weeds may be still problematic in terms of crop and
seed quality (Swanton et al., 2015).
Morphological variables parameters, such as height, dry matter, and yield components, are normally used to
determine the effects of plant competition (Piasecki, 2015; Tironi et al., 2014; Trezzi et al., 2015). In a few studies
plant competition is investigated in relationship to changes in a species secondary metabolism (Silva et al., 2014).
The secondary metabolism is directly related to plant’s defense in response to environmental factors (Taiz &
Zeiger, 2013), which would include weed competition (Agostinetto et al., 2016; Broz et al., 2010; Gal et al., 2015;
Silva et al., 2014).
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Crop seedd yields are dependent
d
on the crop’s innteraction witth the manageement practices and produ
uction
environmeent (Ribeiro ett al., 2017). T
The greatest yields are obtainned when the genotype hass a high produ
uctive
potential aand adaptabilityy to the environment, combinned with the cuultivation and m
management ssystems require
ed by
the crop (M
Mauad et al., 20010). The periood of coexistennce between crrops and weeds is a determinnant in the degrree of
interferencce imposed byy competition oon crop yield ccomponents. IIn soybeans, thhe largest yieldd reductions due to
competitioon were with hoorseweed instaalled at 81 and 38 days beforee soybean plannting (Trezzi ett al., 2015). Am
mong
yield compponents, the nuumber of podss is the most responsive to ccompetition (L
Lamego et al., 2004; Trezzi et
e al.,
2015).
Currently, deficiency inn managementt practices, such as the lackk of weed conntrol before planting, allows the
presence oof weeds at thee beginning off the crop devvelopment and allows regrow
wth of those thhat were cut before
planting. IIn addition, a low
l
plant denssity decrease thhe canopy clossure time and increase weedd emergence. Weed
W
competitioon can result inn significant croop yield reducttions, thereforee, it is importannt to evaluate tthe current soy
ybean
cultivationn conditions, thhe weed impaact on yield annd yield compoonents, and thhe secondary m
metabolites tha
at are
activated iin adverse situaations.
We hypothhesized that weeds
w
originatinng from seedss have a high ppotential to caause competitioon during the early
stages of soybean develoopment becausse, at a later staage, closing of the gap between crop rows m
makes it imposssible
for weed eemergence duee to lack of lighht. We also tessted the hypothhesis that regroowth horseweeed plants have high
potential ffor competitionn with the cropp because they have a well-deeveloped root system. The orrigin of weeds is of
great impoortance in thee degree of competition beetween weeds and a comm
mercial crop, aand will affect the
coexistencce periods, cauusing changes iin the biochem
mical and soybeean yield charaacteristics.
The objecttive of this stuudy was to evaaluate the channges in soybeann secondary m
metabolism andd yield compon
nents
when subjjected to perioods of coexisteence with voluunteer corn annd with regrow
wth of horseweeed plants (Co
onyza
spp.).
2. Materiaals and Methoods
2.1 Plant M
Materials and Growth Condditions
Two field experiments were
w
conducteed in the agricuultural years 22015/2016 andd 2016/2017 att the Extension
n and
Agriculturral Research Center
C
(CEPAG
GRO) at Passoo Fundo Univeersity, Passo Fuundo, Rio Graande do Sul, Brazil.
The latitudde coordinatess were 28°13′ S, longitude oof 52°23′ W aand approximaate altitude was 700 m above sea
level. Thee soil in the exxperimental arrea is classifieed as Humic D
Dystrophic Reed Latosol (Sttreck et al., 2008).
Rainfall annd mean air teemperature duuring the experrimental periood, as well as the climatologgical norms fo
or the
region, aree presented in Figure 1. The meteorologicaal conditions dduring the expeeriments were considered no
ormal
for the tim
me of year.

Figure 1. Rainfall (R), normal
n
rainfall (NR), averagge temperaturee (AT) and norm
mal average teemperature (NA
AT)
during thhe conduct of Experiments I and II. Passo Fundo, 2015-22016, 2016-20017
Source: Em
mbrapa Trigo (2017).
(
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Experiment I was conducted in the agricultural year 2015/2016 in order to establish periods of coexistence
between soybean and corn. Before the start of the experiment, glyphosate (720 g ae ha-1) and paraquat (400 g ai ha-1)
were applied to the research area to control the existing weeds prior to planting. The soybean cultivar Pioneer
95R51, which has a growth cycle of 115 to 120 days, resistance to glyphosate and an indeterminate growth habit
was used as the hybrid of Pioneer 32R22 YHR corn that shows resistance to the herbicide glyphosate (Pioneer,
2017).
By using corn as a weed, it was possible to define the density and the emergence season, as well as to facilitate the
management of the other weeds during the soybean crop growth due to its resistance to glyphosate. Soybean
sowing took place on October 28, 2015 at a spacing of 45 cm between rows. A commercial 4-24-18 (N, P, K)
fertilizer, was applied at 350 kg ha-1.
The experimental design was a randomized complete block design with four replications. The plots were 7 rows 45
cm apart of soybean (3.5 m) and 5 m long. The treatments consisted of two soybean densities in the main plots
(175,000 and 350,000 plants ha-1) and different periods of coexistence between soybean and corn in the subplots.
The coexistence periods were as follows: V0-R8 (V0 was corn sown on the same day as soybean; V2-R8 (V2 was
second node, first fully-developed trifoliolate leaf on soybean at the time of sowing of corn); V4-R8 (V4 fourth
node, third fully-developed trifoliolate leaf on soybean on occasion of corn sowing), and where R8 was
physiological maturation of soybean. The control soybean plants were grown without competition.
The sowing of the corn was at a density of 2 plants m-2 between the lines of the crop, realized with the aid of a
manual seeder. This density was chosen to create a significant level of competition with soybean (Piasecki, 2015).
During the experiment, phytosanitary management was carried out according to recommendations for the crop.
Experiment II was conducted in the agricultural year of 2016/2017 in order to investigate the interference of
regrowth horseweed plants during coexistence periods with soybean. The experiment took place in a fallow area
with the presence of large horseweed. On the first day of the experiment, horseweed plants were cut to height of 10
cm above the soil using a soybean harvester to stimulate their regrowth during the development of the crop.
Subsequently, treatment with glyphosate (720 g ae ha-1) was carried out to control other plant species. The soybean
cultivar used was Pioneer 95R51, described above, which was sown on December 02, 2016 at a between-row
spacing of 45 cm and a density of 350,000 plants ha-1. A commercial 04-24-18 (N, P, K) fertilizer, was applied at
350 kg ha-1. Plant emergence at a level of 50% occurred on December 09, 2016.
The experiment was conducted as a randomized complete block design with sub-divided plots and with four
replications. The plots were 7 rows 45 cm apart of soybean (3.5 m) and 5 m long. The treatments consisted of
management of the regrowth in the main plots (pluck-removed the horseweed plants) and (court-cut the regrowth
horseweed plants). In the pluck, the crop remained free of the presence of weeds after the stage of regrowth
withdrawal; and in the court, this was performed by leaving four leaves for competition for soil resources to
continue after the management stage.
The subplots represented different periods of coexistence between horseweed and soybean plants. The coexistence
periods were: V0-R2, V0-R3; V0-R4; V0-R5 and V0-R6, where V0 was the start of crop development and R2 was
full bloom, R3 beginning of pod formation, R4 full pod, R5 beginning seed and R6 full or complete grain (Fehr &
Caviness, 1977). The control treatment was soybean grown without weeds. During the experiment, phytosanitary
management was carried out according to recommendations for the crop.
2.2 Evaluations
For the evaluation of secondary metabolites (total phenols, flavonoids and saponins), three plants were collected
per replicate of each treatment at the phenological stage R2 (full bloom) and R5 (beginning seed) in Experiment I,
and at the end of each coexistence period in Experiment II. The samples were oven dried at 50 °C until reaching a
constant weight. This temperature was chosen because there was no damage to the secondary metabolites.
Subsequently, the samples were ground in a vegetable mill and stored in plastic bags in the dark until evaluation.
Total phenols and flavonoids were determined using the methodology of Josipovic et al. (2016) with modifications.
Extraction was performed with 0.5 g of the ground plant material and 5 mL of methanol (containing 1% HCl) using
ultrasound for 1 hour. The samples were then centrifuged for 5 minutes at 4 °C and 9000 rpm. The resulting
solution was filtered through a 0.45-μm filter membrane and the volume made up to 5 mL. The extraction solution
was kept in the dark during the procedures.
For analysis of total phenols, 0.2 mL of the extraction solution (reported above) was added to 0.1 mL of
Folin-Ciocalteu reagent and 1.5 mL of distilled water. After 5 minutes, 0.4 mL of Na2CO3 (14%) was added and
the volume was made up to 10 mL. The solution was vortexed for a few seconds and then kept in the dark at room
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temperaturre for 30 minuutes. After thiss period, the ab
absorbance wass measured in a visible specctrophotometerr at a
wavelengtth of 765 nm; a reference blaank was used. Total phenol ccontent was caalculated from a calibration curve
c
constructed using gallic acid standard and expressedd as gallic acidd equivalents (EAG) g-1 dryy matter (DM). The
concentrattion of gallic acid used for thhe calibration ccurve was 0.0002 to 0.01 mg m
mL-1.
To evaluatte the flavonoidd content, 4 mL
L of distilled w
water and 0.3 m
mL of NaNO2 ((5%) were addded to 0.5 mL of
o the
above extrraction solutionn. The resultinng solution wass vortexed for a few seconds and kept at room temperaturre for
5 minutes.. Thereafter, 0.3 ml of AlCl3 (10%) was addded, vortexedd again and thhe solution wass then kept at room
r
temperaturre for another 5 minutes. Subbsequently, 2 m
mL of NaOH ((1M) and 2.4 m
mL of distilledd water were ad
dded.
The absorrbance was im
mmediately reaad in a spectrophotometer aat 510 nm usiing a referencce blank. The total
flavonoid content was caalculated from
m a calibration ccurve using ruutin as the referrence substancce and expressed as
rutin (RUT
T) g-1 DM. To construct the ccalibration currve, rutin was uused at concenntrations of 0.001 to 0.08 mg mL
m -1.
The saponnins were deterrmined using tthe foam indexx technique, w
where 1 g of thee plant materiaal was extracte
ed by
decoction with 50 mL off distilled wateer for 30 minuttes, then filtereed into a 100-m
mL volumetricc flask and mad
de up
to volume distilled waterr. This decoctioon was transferred to test tubbes of equal sizze in a series off volumes (1, 2,
2 3 to
10 mL). T
The volume of liquid in eachh tube was adjuusted to 10 mL
L, with furtherr shaking for 115 seconds. Affter a
15-minute resting periodd, foaming wass observed andd the height of the foam was measured. Thuus, the afrosim
metric
index was calculated byy the equation 1000/A, wheree A is the voluume (mL) of tthe decoction uused to preparre the
dilution inn the tube wherre the foam waas observed (Faarmacopéia, 20010).
For the evaaluation of graain yield compoonents at the m
maturation stagee, ten plants w
were collected pper replicate an
nd the
total numbber of pods, total seed and w
weight of one thhousand seedss were determiined. To determ
mine the seed yield
from the plots, plants weere harvested fr
from three centtral rows, each of four meterss in length. Aftter, the individ
dually
sample waas weighed andd measured, thhe sample weigght was correctted to 13% mooisture.
2.3 Statistiical Analysis
Secondaryy metabolite daata from Expeeriment I and yield componnents from bothh experimentss were subjected to
analysis off variance usinng the F-test (≤
≤ 0.05), and whhen significant,, Tukey’s com
mparison of meaans was perforrmed.
The seconddary metabolitte data from Exxperiment II w
were analyzed bby the t-test (≤ 0.05). For thesse data, the ana
alysis
was used tthrough the t-teest, since the pplants were colllected at diffeerent times.
3. Results and Discussion
The resultts for total pheenols (R2 and R5) and flavoonoids (R5) inndicated no innteraction betw
ween soybean plant
density andd coexistence periods
p
in Experiment I (Figuures 2 and 3). A
Also, the densiity of soybean pplants had no effect
e
on these vvariables (Figuure 2). Howeveer, for the coexxistence periodds, with the R
R2 collection, inncrease in the total
phenol conntent was obserrved when com
mpetition from
m weeds startedd in V2, but didd not differ from
m V4 or the con
ntrol.
For the perriod of coexisttence that started on the samee day as soybean sowing, a loower content oof total phenolss was
observed bbut without difffering from thhe periods initiated in V4 or tthe control (Fiigure 3).

5
Figuree 2. Total phennols and flavonnoids in soybeaan plants with soybean cultivvation densitiees (350 and 175
thoousand plants ha-1) at stages R2 and R5
Note. 1mg RUT g-1 DM;; RUT: rutin; 2mg EGA g-1 D
DM; EGA: equuivalents of gaallic acid; DM: dry matter; ns: not
significantt.
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When the flavonoids weere evaluated in the R2 stagge, an interacttion between ssoybean densiity and coexisttence
periods waas observed, where
w
the highher flavonoid ccontent, occurrred in the com
mpetition starteed in V2 with both
densities, although it diid not differ ffrom the otheer treatments ((Table 1). It w
was observed that the perio
od of
coexistencce that started on
o the day of ssoybean sowinng decreased thhe content of fflavonoids in tthe collection at
a R2
with both densities. In thhe evaluation iin R5, the flavvonoid contentts were similarr between the ddifferent periods of
coexistencce (Figure 3).

Figure 3. Total phenolss and flavonoidds of soybean pplants submitteed to coexistennce periods wiith maize at sta
ages
R
R2 and R5
Note. 1mg EGA g-1 DM;; EGA: equivaalents of gallic acid; 2mg RU
UT g-1 DM; RU
UT: rutin; DM: dry matter. nss: not
significantt; mean values followed by thhe same lowerccase letter in sttage R2 do nott differ by Tukey’s test (p ≤ 0.05).
0
Flavonoids froom soybean pllants submittedd to coexistennce periods wiith corn at twoo soybean planting
Table 1. F
densities ccollected at thee R2 soybean sstage
Coexisteence periods
Control
VO-R8
V2-R8
V4-R8
CV (%)

1175
11.26 a
11.11 a
11.35 a
11.17 a
113.50

Flavonnoids (mg RUT g-1 DM)
D
Density (th pl haa-1)
350
A
1.15 a A
A
1.03 a A
A
1.28 a A
A
1.12 a A

Note. Meaans followed by the same low
wer-case letterr in the columnn and upper-caase letter in thhe row do not differ
d
by Tukey’’s test (p ≤ 0..05); th pl ha-1: thousand pllants ha-1; RU
UT: rutin; DM
M: dry matter; CV: coefficient of
variation.
With regarrd to the sapoonin content, nno interaction was observedd between denssities and coexxistence periods in
Experimennt I (Figure 4). However, withh regard to thee coexistence pperiods, a tendeency for an inccrease in the content
of this meetabolite couldd be observed when in com
mpetition with weeds at the two collectionn stages. The most
significantt increases werre in the coexiistence periodss of V0-R8 annd V4-R8, already in V2-R8 for both collection
stages thiss content was lower in relaation to the oother periods, but remained larger than thhe control without
competitioon.
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Saponins (afrosimetric index)

1000
800

ns

ns

600
ns
ns

400
200
0

R2

R5
Stages of collection

175

350

control

V0-R8

V2-R8

V4-R8

Figure 4. Saponin content of soybean plants submitted to two soybean planting densities (thousand plants ha-1) and
different coexistence periods with corn at two stages of collection, R2 and R5
Note. ns: not significant.
In Experiment I, it was possible to infer that the content of total phenols and flavonoids decreased when soybean
was in competition with corn, but when the coexistence period started at the V2 soybean stage the content of these
metabolites increased. In this experiment, the saponin content increased when soybean plants were in competition
with corn, but when competition started at the V2 stage it decreased, but did not equal the control treatment which
had no competition. These data show that the presence of weeds throughout the soybean growth cycle decreased
the total phenol content, and as a consequence decreased flavonoids, which are phenols.
In Experiment II, with the pluck management of regrowth horseweed, the total phenol content was lower in the
V0-R3 coexistence period, already the V0-R6 period, the presence of the horseweed increased total phenol content
(Table 2). A similar result was reported for the flavonoid content in the V0-R2 and V0-R6 periods, where the
presence of the horseweed increased this secondary metabolite. In the V0-R4 period, the presence of the
horseweed decreased the flavonoid content (Table 2). With regard to saponin content, it increased when
competition with horseweed occurred in V0-R3 and V0-R4, but when the competition extended from V0 to R6, the
presence of weeds resulted in a 50% reduction in saponin content (Table 2).
Table 2. Total phenols, flavonoids and saponins in soybean plants grown without and with regrowth horseweed
(Conyza spp.) in different coexistence periods with pluck management
Coexistence periods

V0-R2
V0-R3
V0-R4
V0-R5
V0-R6

Total phenols
(mg EGA g-1 DM)
Without
With p value
2.75
2.76 0.493
3.21
2.37 0.01
2.62
2.47 0.131
2.04
2.19 0.321
1.92
2.43 0.033

Pluck management
Flavonoids
(mg RUT g-1 DM)
Without With p value
1.15
1.37 0.010
1.04
1.06 0.450
1.28
1.12 0.041
1.13
0.98 0.207
0.74
0.98 0.028

Saponins
(Afrosimetric index)
Without
With
p value
750.00
750.00 0.500
333.33
500.00 < 0.001
333.33
708.33 0.036
750.00
500.00 0.067
1000.00
458.33 < 0.001

Note. Significant differences were based on the t-test using a 5% level of significance.
With court management of regrowth horseweed plants, where competition continued through the root system, the
content of total phenols was modified only in the V0-R3 coexistence period where the presence of weed decreased
this metabolite (Table 3). The content of flavonoids increased during the V0-R2 and V0-R6 periods, and decreased
during V0-R3 period (Table 3). With regard to saponin content, there was no difference between the presence or
absence of horseweed in the coexistence periods (Table 3).
There are several factors that influence the secondary metabolism of plants, such as high plant densities (Rivoal et
al., 2011), different relative proportions of weeds and the crop (Agostinetto et al., 2016), cultivars and growth
conditions (John et al., 2016). In the soybean roots, the flavonoid content was reduced when in competition with
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weeds, which leads to a reduction in the number of root nodules, due to the flavonoids signaling to the symbiotic
bacteria (Gal et al., 2015). For the soybean crop, the competition stress is comparable to that induced by biotic and
abiotic factors (Agostinetto et al., 2016). Thus, it is possible that modifications in the secondary metabolites alter
numerous plant characteristics, and, therefore, it is important to discover the possible causal agents in order to
avoid them during crop production.
Table 3. Total phenols, flavonoids and saponins in soybean plants grown without and with regrowth horseweed
(Conyza spp.) in different coexistence periods with court management
Coexistence periods

V0-R2
V0-R3
V0-R4
V0-R5
V0-R6

Total phenols
(mg EGA g-1 DM)
Without
With p value
2.19
2.55
0.069
2.41
2.08
0.002
2.80
2.54
0.166
2.53
2.10
0.087
2.62
2.62
0.489

Court management
Flavonoids
(mg RUT g-1 DM)
Without
With p value
0.83
1.13
0.003
1.12
0.95
0.034
1.25
1.08
0.113
1.25
1.00
0.115
0.90
1.19
0.003

Saponins
(Afrosimetric index)
Without
With
p value
750.00
875.00 0.268
416.66
499.99 0.324
416.66
416.66 0.500
500.00
625.00 0.178
333.33
416.66 0.067

Note. Significant differences were based on the t-test using a 5% level of significance.
The isoflavones are a group of flavonoids which, in soybean, are affected by the origin of the cultivars, in case
seeds are affected by their weight and by environmental factors (Kim et al., 2012). Daidzin, daidzein, genistein,
genistine and glycytine are isoflavonoids found in different soybean cultivars (John et al., 2016; Kim et al., 2012),
and in different concentrations in plant organs, where the highest concentration is found in grains, followed by the
leaves (Seo et al., 2017). The isoflavones, genistein and daidzein, are the most abundant and have anti-cancer
properties (Pereira & Cardozo, 2012). Therefore, any factor leading to a decrease in these compounds is
undesirable from a human health perspective.
In addition to isoflavones, soybean contains numerous saponins that are a type of terpene. These are a diverse
group of secondary metabolites with a wide range of activities with an important role in human health. In soybean,
soysaponins are the main representatives (Tantry & Khan, 2013). In Chinese soybean cultivars, 13 saponin
components were detected, including the new α and β groups, and groups A, DDMP and B (Takahassi et al., 2017).
The concentration of these compounds is influenced by the origin of the genotypes, environmental factors such as
location and year of cultivation, environmental conditions such as light, temperature, humidity and soil fertility
and, when evaluated in seeds, is influenced by seed weight (Kim et al., 2012). With our results it was not possible
to identify the types of compounds, since general tests were used, but the answer was possible to identify since in
general there were changes in the secondary metabolism resulting from the competition.
The grain yield of soybean in Experiment I was not influenced by the planting density of the crop, but there was a
significant difference between the coexistence periods with maize (Figure 5). When corn, considered as the weed
in the experiment, was sown on the same day as the crop and remained until the end of the cycle (V0-R8), there
was a reduction in yield of 36%. Weeds that emerge before or at the same time as the crop have greater competitive
potential in relation to the crop (Piasecki, 2015; Tironi et al., 2014).
For example, the weeds of the species Galinsoga parviflora, Digitaria horizontalis, Brachiaria decumbens,
Amaranthus retroflexus, Bidens pilosa, Euphorbia heterophylla and others, in competition with soybeans
throughout the crop cycle, reduced the grain yield by 30% (Marangoni et al., 2013). Soybean in competition with
maize that emerged ten days earlier than or on the same day produced an average of 382% and 241% less than
when maize emerged ten days after the crop (Piasecki, 2015). Soybean cultivars, when competing with corn at
densities of 10 and 30 plants m-2 and sowed on the same day as the crop, showed a mean reduction in yield of 80%
(Schneider et al., 2014).
Weeds that emerge before the crop have prior access to environmental resources and thus have morphological
characteristics that increase their competitive potential in relation to the crop. When barley was in competition
with ryegrass, the number of barley stems was 96.87 when weeds emerged 14 days after barley emerged, but when
weeds emerged 14 days earlier, there were 18.47 barley stems (Tironi et al., 2014).
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Corn plants at density of 16 plants m-2, that emerged before or together with soybeans, presented a leaf area of
11.34 cm2; when they emerged after soybean, the same density of plants presented a leaf area of 2.21 cm2 due to
competition imposed by soybean, indicating that plants which emerge after crop have low competitive potential
compared to those emerging before or along with the crop (Marquardt et al., 2012). Longer intervals between
desiccation and sowing of soybeans provide priority conditions for weed growth and, thus, weeds have a
competitive advantage over the crop and have the greatest negative impact on yield (Rizzardi et al., 2003).
Weeds that emerge after crop are less competitive in terms of yield (Saraiva et al., 2013; Swanton et al., 2015;
Tironi et al., 2014), since crop acts as a cultural control over species which diminishes the growth potential and
competition of these, against crops. When sowing of corn occurred at the soybean V2 stage, the reduction in grain
yield was 22%, already in V4 the reduction was 4%, not statistically different from the control without competition
(Figure 5). The results demonstrate that the greatest reduction in soybean yield when competing with weeds occurs
when competition starts at the beginning of crop development and at stage V2.
5000

Grain yield (kg ha-1 )

4000

3000

a

a

ns

b
c

2000

1000

0
175

350

control

V0-R8

V2-R8

V4-R8

Coexistence periods

Densities
Treatments

Figure 5. Soybean seed yield as a result of different sowing densities (thousand plants ha-1) and coexistence periods
with corn in Experiment I
Note. ns: not significant; means followed by the same lower-case letter in columns of the same color do not differ
by Tukey’s test (p ≤ 0.05).
Soybean plants in the V4 stage possess a larger leaf area with subsequent greater shading of the soil, which
suppresses the development of weeds in the vegetative canopy, and thus causes less interference with the crop.
When Brachiaria brizantha, ‘BRS Piata’ and B. ruziziensis plants were sown 24 days after soybean emergence, the
highest competitive effect of soybean cultivar M-8766 RR was observed on the weed, where the reduction in
(Saraiva et al., 2013), so it is justified that by the greater development of the crop at 24 days than at 12 days.
In addition, the plant density of the crop significantly affects the speed of interlining (Balbinot Junior et al., 2016),
which is directly related to the cultural suppression of weeds. In this study, the density of the crop did not
significantly affect the yield. This happened because the soybean crop presents high plasticity, with the potential to
compensate for the smaller number of plants with a greater number of pods and grains (Table 4).
The competition between crops and weed compromises the development of reproductive structures and, among
them, the number of pods is the most responsive to changes caused by the stress of competition (Lamego et al.,
2004; Trezzi et al., 2015). In this study, it was observed that the presence of corn reduced the number of pods and,
consequently, the number of grains from soybean plants with all periods of competition, where the lowest soybean
density showed the greatest reduction (Table 4). Competition throughout the soybean crop cycle reduced the
number of pods by 40% and 24% at the densities of 175 and 350 th pl ha-1, respectively. This corroborates the
reduction of 36% reported by Lamego et al. (2004) when soybean was in competition for the whole cycle.
The results obtained can be associated to studies where different levels of infestation and weed origin were tested
with different times of emergence, which affirms that competition reduces components of yield. The number of
pods per plant was reduced in areas with weed infestation at low, medium and high levels (Silva et al., 2008).
Soybean in competition with maize, originating from volunteer plants and clumps, showed an average number of
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pods of 10, 9.5 and 18.5, and number of grains of 22, 21 and 38 per plant when the corn emerged ten days earlier,
the same day and ten days after the emergence of soybean, respectively (Piasecki, 2015).
These findings confirm the results obtained in the present study where competition with weeds resulted in the
greatest reductions in the number of pods and grains in the competition started in the emergence of the crop, and
that the competition initiated at the V4 stage presented the smallest reductions, since there was suppression by the
crop of the weed species. Of the densities, 175,000 plants ha-1 was statistically higher than 350,000 plants ha-1,
with almost double the number of pods and grains in the control without competition (Table 4). This corroborates
Balbinot Junior et al. (2016) in that, with a lower soybean density, there were four times more pods than with a
higher density. This increase is related to the higher number of branches on the plants at low densities, which is
directly related to the greater potential of nodes on the branches and, consequently, a greater number of pods
(Mauad et al., 2010).
Table 4. Total soybean pods and seeds with different sowing densities of soybean and different coexistence
periods with corn in the Experiment I
Total pods
Densities (th pl ha-1)
175
350
72.77 a A
39.23 ab
43.31 c A
29.72 b
47.98 c A
37.64 ab
59.73 b A
40.61 a
Densities: 17.71
Treatament: 11.27

Coexistence periods
control
V0-R8
V2-R8
V4-R8
CV (%)
CV (%)

Total grains
Densities (th pl ha-1)
175
350
172.90 a A
93.95 ab
102.04 c A
69.15 b
110.98 c A
86.97 ab
143.73 b A
94.31 a
Densities: 19.89
Treatament: 11.38

B
B
B
B

B
B
B
B

Note. th pl ha-1: thousand plants ha-1. Means followed by the same lower-case letter in the column and upper-case
letter in the row do not differ by Tukey’s test (p ≤ 0.05); CV: coefficient of variation.
The thousand seed weight did not show a significant difference between the densities and the evaluated periods
(Figure 6). The results of this experiment indicate that the emergence of corn at more advanced stages of soybean
causes little interference on the crop compared when corn emerges along with the crop. In addition, the density of
175 th pl ha-1 makes soybean crops more susceptible to competition from weeds.
200.00
ns

ns

Thousand grains (g)

150.00

100.00

50.00

0.00
175

350

control

Densities

V0-R8

V2-R8

V4-R8

Coexistence periods

Figure 6. Thousand seed weight of soybean submitted to different sowing densities (thousand plants ha-1) and
different coexistence periods with maize in Experiment I
Note. ns: not significant.
Experiment II did not show a significant interaction between soybean seed yield and the regrowth management of
horseweed and the coexistence periods (Figure 7). Although regrowth showed advanced development when weeds
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were managed before sowing of the crop, the resumption of growth during soybean cultivation was not sufficient
to significantly interfere with crop yield. Currently, the conditions of bad management of weeds, that is, the lack of
control of the species during the winter preceding the soybean crop, maintains the presence of these plants with
great development in the harvest of the winter cereals. This cut made by the harvester, stimulates a later regrowth
during the summer crop. This situation has become very common in the northern region of Rio Grande do Sul,
which prompts the study of the influence of this regrowth at more advanced stages, that is, in the reproductive
phase of the soybean crop.

Grain yield (kg ha-1 )

6000
5000
ns

a

4000

a

a

V0-R2

V0-R3

a

a
a

a

3000
2000
1000
0
Pluck

Court

control

Management

V0-R4

V0-R5

V0-R6

every cycle

Coexistence periods

Figure 7. Grain yield of soybean submitted to different coexistence periods with regrowth horseweed managed
by pluck or court in Experiment II
Note. ns: not significant; means followed by the same lower-case letter in columns of the same color do not
differ by Tukey’s test (p ≤ 0.05).
It is likely that weed regrowth during soybean cultivation may have a greater negative effect since the plants
already have an established root system, which gives them greater competition potential after the resumption of
growth. Under the conditions of this experiment, it was possible to observe that the horseweed regrowth during the
soybean crop did not reduce the seed yield.
The management carried out on horseweed at different stages did not modify the competitive potential of the weed
against the crop, even though the root and some leaves were maintained so that the competition continued until the
end of the cycle. This competition was shown not to be enough to interfere with crop grain yield. Also, it was not
possible to observe a change in the yield from the soybean stage where the management was performed compared
to the control, and when there was competition for the entire growth cycle.
The components of total pods, total grains and weight of a thousand grains did not present significant differences
between the management and the coexistence periods of the soybean with the horseweed (Table 5).
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Table 5. Yield components of total pods (TP), total seed (TG) and one thousand seed weight (OTG) of soybeans
submitted to different coexistence periods with regrowth horseweed managed by pluck or court in Experiment II
Source of variation
Management
Pluck
Court
CV (%)
Coexistence periods
control
V0-R2
V0-R3
V0-R4
V0-R5
V0-R6
every cycle
CV (%)

TP
45.49
44.85
17.18
46.42
48.44
44.25
44.63
41.87
45.08
45.51
8.41

ns

ns

Yield components
TG
116.29 ns
115.11
17.91
119.49
124.29
114.44
114.92
105.36
115.27
116.13
9.52

ns

OTG
150.00
152.00
7.00
154.00
154.50
156.52
157.25
154.26
155.18
156.25
9.00

ns

ns

Note. OTG in grams; ns: not significant; CV: coefficient of variation.
4. Conclusion
Corn that develops after soybean V4 stage and regrowth horseweed during cultivation do not adversely affect
secondary metabolism, grain yield or soybean yield components.
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