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Competitive analysis of soybean and sudangrass
using replacement series design

Mauro Anténio Rizzali**, Alana Cristina Dorneles Whdscheet Andrea Fereira Hoffmana

10.1590/0034-737X201663050011

ABSTRACT

Competition is the best known form of direct interference of weeds on agricultural crops. Hohereds relatively
little information on the competition of the weed sudangrass on soybean, which has been common in agricultural areas
in the southern of Rio Grande do Sul. The objective of this study was to evaluate the competition between sudangrass
and soybeans using replacement series experiments. The experiment was carried out in a greenhouse in a completely
randomized design with four replications. The treatments consisted of soybean and sudangrass associations. The
experimental units were 8-L plastic pots, in the proportions 0: 8, 2: 6, 4: 4, 6: 2, 8: 0, corresponding to 0, 25, 50, 75 and 100%
of the crop and weed respectiveBhoot, root and total dry matter and plant height were analyzed through diagrams
applied to replacement series and competitive indices. Soybean showed competitive superiority in coexistence with
sudangrass in relation to shoot, root and total dry matierintraspecific competition was more significant for the crop
and inter-specific competition was more important for the weed.

Keywords: Sorghum sudanengRiper) StapfGlycine maxL.) Merr; competition; weed.

RESUMO

Analise competitiva entre plantas de soja e capim-sudéao por meio de experimento substitutivo

A competicdo € a forma mais conhecida de interferéncia direta das plantas daninhas em culturas agricolas. Entretan-
to, ha relativamente pouca informagéo sobre a competitividade da espécie daninha capim-sudéo sobre a cultura da soja,
cuja presenca tem sido frequente em areas agricolas do sul do estado do Rio Grande do Sul. Objetivou-se nessa
pesquisa verificar a competicdo entre plantas de soja e capim-suddo, por meio de experimentos em série de substituicao.
O experimento foi realizado em casa-de-vegetacdo, em delineamento inteiramente casualizado e quatro repeticdes. Os
tratamentos constaram de associacdes de plantas de soja e capim-sudéo, cujas unidades experimentais foram vasos
plasticos de 8 L, nas proporcdes de 0:8, 2:6, 4:4, 6:2, 8:0, respectivamente, que corresponderam a 0, 25, 50, 75 e 100% da
cultura e da planta daninha. Matéria seca da parte aérea, raiz e total e estatura de plantas foram analisadas por meio de
diagramas aplicados a experimentos substitutivos e indices de competitividade. Plantas de soja apresentaram superio-
ridade competitiva quando em convivéncia com plantas de capim-sudédo, para matéria seca da parte aéred raiz e total.
competicao intra-especifica foi mais significativa para a cultura e a competicao inter-especifica foi mais importante para
a planta daninha.

Palavras-chave Sorghum sudaneng$Riper) StapfGlycine maxL.) Merr; competicdo; planta daninha.
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Competitive analysis of soybean and sudangrass using replacement series design 669

INTRODUCTION MATERIAL AND METHODS

Competition begisfrom the moment that the availability =~ The experiment was carried out in a greenhouse, in
of a particular resource is below that required by plant2011/12. The experimental units consisted of plastic pots
This process accounts for yield decline in commercig8 L capacity; 25 cm depth) filled with soil derived from the
species as well as loss of desired populations and wesxperimental area, which is classified as Dystrophic Red
invasion, but also can lead to increases in yield andtosol. The treatments were arranged in a completely
stability of crops (Dias-Filho, 2006). Moreoveéhe randomized design with four replications.
competitive ability of a species is closely related to its |nitially, soybean was sown into the experimental units
capacity of using the environmental resources (Rizeardiand weed was sown one day after that the two species
al., 2001). For Bergeet al (2008), competition is a key emerged at the same time to obtain seedlings with the same
process in communities or populations of plants and fevelopmental stage. For this purpose, a preliminary
order to predict the responses of ecological systemsegperiment was carried out to evaluate the period required
comprehensive and mechanistic understanding of theym germination to emergence of the two species, which
competition between plants is required. was seven days for soybean and six days for sudangrass.

Competitive interactions may be influenced by factors  the treatments were combinations of soybean and
such as size, age and genotype of the plant. Furthermofge plants in the proportions 8:0, 6:2, 4:4, 2:6, 0:8, i.e., 100,
physiological and physical space colonization strategi%, 50, 25 and 0% soybeadlycine maxL.) Merr cultivar
may be important in the competitive process (Bittel®ére ;5 5909 RG) and the opposite for sudangrass. The plat
al., 2012). The replacement series method stands out amisity used for each experimental unit was obtained

the existing models to evaluate the competition between ., qance to the “Law of Final Constsigid” determined

speci.es (Fleclet. al, 2908),' It incluc!es analyses of thein other assays, in which the population was eight plants
species under investigation both in monocultures a f pot, totaling 250 plantsn

mixed stands, wherein the proportions of the two species At 60 days after soybean emergence, plants of the ex-

vary while the final density is maintained constant for alpl)erimental units were collected to evaluate height and
treatments (Cousens, 1991; Radosegidl., 1997).

o shoot, root and total dry matté?lant height (cm) was
In farm lands, the crop population is kept constant
while the weed population varies according to the de réneeasured from the base to the end of the last leaf. For dry

bop 9 9 matter (g), shoots and roots dried in an oven at 60 °C for 72

of site infestation. Thus, determining the variation in thﬁ ) .
) . ours and weighed on an analytical balari@gal dry
ratio between populations of crop plants and weed species

o o ; . matter corresponds to the sum of shoot and root dry matter
is important for competition studies, as it allows one to .
. : ...In each proportion.
measure the influence of the population on the competitive . . i )
Variables were subjected to graphical or conventional

process and the influence of the variation on the proportion ) ; . )
between species (Christoleti & Victoria Fiho, 1996; analysis for replacement experiments, which consists of
Moraeset al, 2009). ’ " the construction of diagrams based on the relative yield

SudangrassSorghum sudanens®iper) Stapf) has (RY) (Roushet al, 1989; Cousens, 1991) through the
been found in farm lands in the southern of Rio Grande §gnstruction diagrams based on the relative productivity
Sul. Itis an annual plant propagated by seeds and haviff®) in the proportions 0, 25, 50, 75 and 100% of crop and
no rhizomes, which makes it different froforghum Weed-
halepenseHowever it has a well-developed crown and The relative yield of the variables was calculated by
fasciculate roots, very similar 8rghum arundinaceym dividing the mixture average by the monoculture average,
but differs from it by having persistent pedicellatdncluding in the calculation the average per plant of each
spikelets, which by rachis breaking up. In norma$pecies in each experimental ulieTRY represents the
conditions and laje space to gravthe plant can develop sum of the relative yields of the competitors in the
up to one hundred stems from the crown (Kissmann, 1997gspective plant proportions.

The hypothesis of this research is that soybean plants The equations for calculating the relative yields and
have superior competitive ability to sudangrass when botptal yields according to Hoffman & Buhler (2002) are as
species are found in equal proportions in the sanfellows: RYa = (p) (Amix /Amon); RYb = (1 - p) (Bmix /
conditions and resources. Whereas sudangrass can intemon); TRY = Rya + Rrb, where Rra = relative yield of the
fere with soybean yield trough a competitive process species “a” (crop); Rb = relative yield of the species “B”
farm lands and, because of the lack of information on tifereed); p = proportion of “a” in % divided by 108mnix =
competitiveness of this species, the aim of this study waalue of the variable to be analyzed (for example: dry matter)
to evaluate the competition between soybean amd “A” in mixture; Amon = value of the variable to be
sudangrass weed using replaeatseries experiments. analyzed of “A” in monoculture; Bmix = value of the
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670 MauroAntonio Rizzardiet al.

variable to be analyzed of “B” in mixture; Bmon = value oKb andA < 0.The equations for calculating these indices
the variable to be analyzed of “B” in monocultuF®Y =  according to Hoffman & Buhler (2002) are as follows: RC =
Total relative yield. (1-p)/p)(Ra/Rrb);Ka=((1-p)/p) (Ra/(1-Ra));Kb

The indices of relative competitiveness (RC), relative ((1-p)/p) (Rb/(1-Rrb));A=(RYa/2p)- (Rb/(2 (1
clustering coefficients (K) and aggressiveness (A) wekp))).
calculated in the proportion of 50% soybean and For statistical analysis of the relative yield, differences
sudangrass. RC is the comparative growth of the specfesRY values (R D) obtained in the proportions 25, 50 and
A (soybean) in relation to species B (sudangrass); 5% of plants were primarily calculated in relation to the
indicates the relative dominance of one species ovealues belonging to the hypothetical lines in the following
another; andA points out which species is moreproportions: 0.25, 0.50 and 0.75. The T test at 5% of
competitive. The joint interpretation of these values allowsrobability level was used to test the differences relative
us to infer the degree of competition between species wiih RYD, TRY, RC, K andA indices in relation to the
greater security (Cousens, 1991). Spedieis more hypothetical lines (Hdiman & Buhler 2002), with the
competitive than the species B when RC > 1, Ka > Kb argflatistical software SAS {&istical Analysis System
A > 0. Species B is more competitive when is RC < 1, Kawersion 8.0).

a

Relative Yield

100:0 75:25 50:50 25:75 0:100

Soybean: Sorghum sudanense

14 ,
b

Relative  Yield

100:0 7525 50:50 25:75 0:100
Soybean: Sorghwm sudanense

(e) RY of soybean cultivarm) RY of competitor and A) TRY. Dashed lines represent the hypothetical relative yields when there is no
interference of one species over another

Figure 1:RelativeYield (RY) and total relative yield (TR) for shoot dry matter (a) and root dry matter (b) of soybeaiSamthum
sudanenseas a function of the plant proportion.

Rev CeresVicosa, v63, n.5, p. 668-675, set/out, 2016



Competitive analysis of soybean and sudangrass using replacement series design 671

The null hypotheses to test thefeiEnces of RD In competition assays between soybean and turnip, it
andA stated that the averages were equal to zero (HO = @)as found that the turnip has higher competitive abitity
that averages were equal to one (HO = 1) i6f And RC; which RY lines of soybean were concave andllRes of
and that the mean differences between Ka and Kb wetenip were convex (Bianchbt al, 2006), contrarily to what
equal to zero [HO = (Ka - Kb) = 0] for the index K. can be seen in this study

Data on shoot dry matteroot dry mattertotal dry Rizzardiet al (2004) found that in the association
matter and plant height, which were expressed as mek@fween soybean and the weed species common morning
values per plant, were subjected to analysis of varian@ry (Ipomoea grandifolia and wild poinsettia
and the means were compared by the Dunnett test (p(@uphorbia heterophyllathere is a mutual benefit
0.05 ), considering the monocultures as controls, with ttR¢tween the species, both producing more than the

statistical softwar@SSISTAT version 7.6 beta - 201 expected in all plant proportions, which can be related to
the fact that the amount of resources available for the

RESULTS AND DISCUSSION _spec_ies was siirfien_t _to avoid competition.. Howe\gm_rhen

in mixed communities, common morning glory is more

The results showed that soybean produced more shaoinpetitive than wild poinsettia.

dry matter than expected in all combinations with weed, There were no losses of root dry matter by competitive
and the relative yield was significantly higher when in theffects for soybean, and the production increased when
higher density of sudangrass (proportion 25/75). Thihe weed was in higher densityhich shows that for
indicates that the competitor probably does not recruit &bybean intraspecific competition is more important.
soil resources and makes them available to soybean whitlowever the weed reduced root dry matter production
in turn, develops normally even in lower densities. For thehen used in combination with the crop in all proportions
competitor the association with soybeans was especiallfFigure 1b). The less competitive ability of sudangrass
harmful when the crop was in equal and higher proportiomslative to root may be due to the lack of rhizomes, differing
(50/50 and 75/25)-he TRY of shoot dry matter indicated from otherSorghumspecies such &orghum halepense
that there was no species competition in the proportion {Kissmann, 1997).
which the weed was in higher densisince in this TRY for root dry matter indicated that there was
proportion, the amount of resources was probablyompetition between the two species, especially in the
sufficient for the survival of the two species (Figure 1aroportions 50/50 and 25/75 (soybean:competitor), but
andTable 1). differed significantly from the expected result only in the

Table 1:RelativeYield Differences (RD) for the variables shoot dry matteoot dry mattertotal dry matter and plant height; and
total relative yield (TR), in the proportions 75/25, 50/50 and 25/75 of soybean associated with sudangrass

Plant proportion (soybean /sudangrass)

75125 50/50 25/75

SDM*

RYD soybean 0.21 (+ 0.15)¢ 0.24 (+ 0.12)° 0.25 (+ 0.08¥
RYD sudangrass -0.08 (+ 0.01¥ -0.19 (+ 0.02¥ -0.02 (£ 0.03)
TRY 1.12 (+ 0.16)¢ 1.05 (£ 0.12) 1.23 (£ 0.06¥
RDM?2

RYD soybean 0.10 (£ 0.13)s 0.05 (£ 0.07)s 0.13 (£ 0.01¥
RYD sudangrass - 0.08 (+ 0.02¥ -0.22 (+ 0.01F -0.37 (x 0.08)*
TRY 1.02 (+ 0.14)s 0.83 (£ 0.07)s 0.76 (£ 0.07¥
TDM?®

RYD soybean 0.19 (£ 0.13)s 0.20 (£ 0.11)s 0.23 (£ 0.06¥
RYD sudangrass -0.09 (x 0.01¥ -0.21 (+ 0.01y -0.16 (+ 0.04¥

TRY

1.10 (+ 0.14)°

0.99 (+ 0.10)p

1.06 (+ 0.05)°

PH*

RYD soybean
RYD sudangrass
TRY

-0.01 (+ 0.02)°
0.01 (+ 0.03)°
1.00 (+ 0.04y

0.002 (+ 0.03)°
-0.002 (+ 0.04)
1.00 (% 0.07)°

0.02 (+ 0.01)°
0.04 (+ 0.06)°
1.06 (+ 0.07Y°

"Non-significant and * significant by the t test £0.05).'SDM: shoot dry matte?lRDM: root dry matterSTDM: total dry matter (root
+ shoot);*PH: plant height.

Rev CeresVigosa, v63, n.5, p. 668-675, set/out, 2016



672 MauroAntbnio Rizzardiet al.

proportion in which the competitor was in higher densitpehavior to these variables, in which soybean was not
(25/75). In this proportion there was competition betweeaffected by the association with the weed in all proportions
species, but only the weed had its yield hampered (Figusiad even showed an increase in the relative production of
1b andTable 1). total dry matter when the weed was in higher density (25/
Zanine & Santos (2004) emphasize that the occupati@s) . On the other hand, the weed was hampered by the
of the soil space by the roots is crucial in competition, arebsociation in all combinations with soybeBine TRY of
that between plants of different species there may also togal dry matter did not differ significantly from the expected
differences in relation to the root system. values, indicating that the competition occurred for the
It should be noted that tA&RY of root dry matter was same environmental resource (Figure 2aTainde 1).
negative while th&RY of shoot dry matter showed positive ~ The competitive success of soybean with weeds is
values (Figure 1), indicating that the competition affectgerimarily attributed to its growth characteristics such as
more significantly root production than shoot of the weedheight and shoot dry matter accumulation (Agostingtto
The total dry matter for both species reflects the yieldl., 2009). Moraegt al (2009) found that soybean was
of shoot and root dry mattefhus, it showed similar more competitive than red rice. Similapybean showed

a

Relative Yield

100:0 7525 50:50 2575 0:100

Soybean: Sorghum sudanense

14 4
b

Relative Yield

100:0 7525 50:50 2575 0:100
Soybean: Sorghum sudanense

() RY of soybean cultivarm) RY of competitor and A) TRY. Dashed lines represent the hypothetical relative yields when there is no
interference of one species over another

Figure 2: RelativeYield (YR) andTotal RelativeYield (TRY) for total dry matter (root + shoot) (a) and height (b) of soybean and
Sorghum sudanensas a function of the plant proportion.

Rev CeresVicosa, v63, n.5, p. 668-675, set/out, 2016



Competitive analysis of soybean and sudangrass using replacement series design 673

greater competitive ability in coexistence with Jamaicareport by Hoffman & Buhler (2002), who found that the
crabgrassDigitaria horizontalisWilld. (DIGHQO)), and crop had greater competitiveness than the weed when
both species compete for the same environmental resouraaglyzing cultivated sorghum asdrghum halepense
(Fontanaet al, 2010). Table 3 also showed that for soybean, the intraspecific

Both species showed similar behavior for plant heightompetition is more significant than the inter-specific
The results did not differ significantly from the expectedompetition, as it produced more when close to a
values in all species proportions, indicating that the heigbidangrass plant than a plant of its own species. On the
of the two species is not affected by the association anther hand, for sudangrass, the inter-specific competition
the plants can grow in stature as if in pure stands. Tieemore important and it prefers a plant of its own species
TRY shows that there is competition for the sam¢han a soybean plafitable 4 shows the mean square error
environmental resources, with the production line obtainddr the characteristics shoot dry matterot dry matter
being similar to the expected line (Radosegtal, 1997) total dry matter and height of soybean plantsSmdhum
(Figure 2b andable 1). sudanense

Table 2 shows the indices of relative competitiveness The ability of a plant to compete with another depends
(RC), relative clustering coefficients (K) andon factors such as species, population, emergence time
aggressiveness (A) of the two species when in equahd morphophysiological characteristics. For soybeans
proportions.Taking into account that soybean is morén competition withAlexander grass {rochloa
competitive than sudangrass when RC > 1, Ks > K@andplantagined, there was antagonism in the growth of both
> 0 (Hofman & Buhler 2002), it was found th@ was species and intra-specific competition was higher than the
above zero for the variables shoot, root and total digter-specific competition (Agostinetét al, 2009).
matter which indicates that soybean is more aggressive At the lowest proportion of soybean, there was gain of
than sudangrass. In addition, the RC index, which compshoot dry matter in relation to monocultures. The same
res the relative growth between the two species, showss true for root and total dry mattbtoraeset al (2009)
that soybean is more competitive and grow faster than tfeund the same behavior in soybean competing with red
weed when they emge togetherwhich agrees with the rice. The authors pointed out that this may happen because

Table 2: Competitiveness indices of soybean and sudangrass expressed by relative competitiveness (RC), cluttézittg Goef
and aggression (A)

Variables RC K s = soybean K ¢ = sudangrass A

1SDM 2.39 (+ 0.45)s 9.37 (+ 5.73) 0.46 (+ 0.04)s 0.42 (+ 0.12f
2RDM 2.00 (+ 0.33)° 1.51 (+ 0.58)° 0.39 (+ 0.02) 0.27 (+ 0.08}
STDM 2.45 (+ 0.41¥ 4.8 (+ 2.59)° 0.40 (+ 0.02)s 0.41 (+ 0.11¥
“PH 1.02 (+ 0.07)° 1.03 (+ 0.12)° 1.03 (+ 0.17)° 0.01 (+ 0.03)*

"Non-significant and * significant by the t test (p d” 0.059DM: shoot dry matteRDM: root dry matter®TDM: total dry matter (root
+ shoot);*PH: plant height.

Table 3: Soybean response to interference with sudangrass, 60 days afgerezaer

Plant proportions (soybean/sudangrass)

'SDM

Soybean 4.23 5.40 6.22 8.47* - 30.33
Sudangrass - 0.75* 0.71* 1.10 1.21 12.63
2RDM

Soybean 1.03 1.17 1.14 1.56* - 20.60
Sudangrass - 0.38* 0.32* 0.28* 0.56 22.73
*TDM

Soybean 5.27 6.57 7.37 10.03* - 27.09
Sudangrass - 1.14* 1.03* 1.40* 1.78 13.04
‘PH

Soybean 45.63 45.11 45.87 49.31 - 7.45
Sudangrass - 63.18 60.03 63.29 60.38 17.11

* Mean differs from control (T) by the Dunnedttest (p d” 0.05). C\£ coeficient of variation.!\SDM: shoot dry matter?lRDM: root dry
matter; *TDM: total dry matter (root + shoot}PH: plant height.

Rev CeresVigosa, v63, n.5, p. 668-675, set/out, 2016



674 MauroAnténio Rizzardeet al.

Table 4: Mean square error of the variables shoot dry matter (SDM), root dry matter (RDM), total dry matter (TDM) and height
(HEI) of soybean an8orghum sudanense

Variables

Fv DF Soybean

SDM RDM TDM STAT
Treatments (combinations) 3 12.83217 0.21291 1.09692 292.95962
Error 12 3.40129 0.06366 0.09397 0.91037

Sorghum sudanense

SDM RDM TDM STAT
Treatments (combinations) 3 0.25266 0.06286 0.08341 460.22303
Error 12 0.01399 0.00786 0.01244 15.01688

FV: factor of variation; DF: degrees of freedom
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