
446

Weed Technology. 2003. Volume 17:446–451

Spurred Anoda (Anoda cristata) Competition in Narrow- and Wide-Row Soybean
(Glycine max)1

EDUARDO C. PURICELLI, DELMA E. FACCINI, GUSTAVO A. ORIOLI, and MARIO R. SABBATINI2

Abstract: The effect of spurred anoda competition in narrow- (35 cm) and wide-row (70 cm) soybean
was studied in field experiments for 2 yr. Vigorous early soybean growth in narrow- compared with
wide-row soybean resulted in lower radiation transmitted through the canopy, which can partially
account for greater competitiveness of narrow-row than wide-row soybean. Soybean plant height
was not significantly influenced by the row spacing. Relative yield total (RYT), which is the rela-
tionship between yield in mixtures and in monocultures of the crop or the weed and indicates resource
complementarity, was equal to 1 with 12 spurred anoda/m2 in the year with less precipitation. Re-
gardless of the row spacing, spurred anoda gave resource use complementarity with the crop (RYT
. 1) in all other treatments; therefore, partial avoidance of competition in mixed species was evident.
Soybean aggressivity, which takes into account the effect of competition on both the crop and the
weed and indicates competitive ability, decreased with weed density in both row spacings. Soybean
yield loss at harvest was linearly related to relative dry weight 40 d after planting. Weed-free narrow-
and wide-row soybean produced similar yields. In the presence of the spurred anoda, soybean yield
was greater in narrow-row compared with wide-row soybean only in the most humid year. A man-
agement system that uses quick canopy closure with narrow-row soybean can provide excellent
soybean yield and suppression of low spurred anoda densities.
Nomenclature: Soybean, Glycine max (L.) Merr.; spurred anoda, Anoda cristata (L.) Schlecht. #3

ANVCR.
Additional index words: Aggressivity, competition, crop and weed biomass, row spacing, weed
density.
Abbreviations: DAP, days after planting; PPF, photosynthetic photon flux; RDW, relative dry
weights; RYT, relative yield total.

INTRODUCTION

Soybean is the major oilseed crop in Argentina (Vitta
et al. 2000), and spurred anoda is one of the most serious
weed problems in the central area of the country (Le-
guizamón et al. 1994; Leiva and Ianone 1994; Mattioli
1984). There is a trend toward reducing crop row width
as a means of increasing crop competition to suppress
weeds (Johnson et al. 1997). In Argentina, soybean is
usually planted in wide rows, but the adoption of a nar-
rower and more dense row spacing is increasing. Earlier
results in narrow-row soybean show that this technique
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can provide adequate weed control and soybean yield
(Buhler et al. 1993; Defelice et al. 1989; Johnson et al.
1997; Prostko and Meade 1993; Steckel et al. 1990).

Weed competition studies are based on binary mix-
tures, and different indices are used to evaluate compe-
tition. Some of these indices are relative yield total
(RYT) (De Wit 1960), which consists of the addition of
crop and weed relative yields and indicates resource
complementarity, and aggressivity (McGilchrist and
Trenbath 1971), which takes into account the effect of
competition on both the crop and the weed and indicates
competitive ability.

The success of weed competition with soybean has
been attributed to various aspects of growth character-
istics (Shaw et al. 1997) and spatial arrangement of the
crop (Spitters and Van der Bergh 1982). Light is a pri-
mary resource for which weeds compete in dense crop
stands. Traits critical to competition from light include
rate of growth and height (Lindquist et al. 1998). Dif-
ferences in these traits between spurred anoda and soy-
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bean may explain competition in contrasting row spac-
ings. There is a lack of information about competition
between weeds and soybean in narrow and wide rows.
There are no reports about the effect of weed density on
resource complementarity and competitive ability. Soy-
bean yield reduction must also be considered in evalu-
ating spurred anoda as an economically important weed.

The objective of this research was to evaluate the ef-
fect of spurred anoda biomass, density, and height on
resource complementarity, competitive ability, and soy-
bean yield in narrow- and wide-row soybean.

MATERIALS AND METHODS

Field experiments were conducted in 1997 and 1998
at the University of Rosario Experimental Farm at Za-
valla (338019S, 608539W), Argentina. The soil is a vertic
argiudol with 3% organic matter, pH of 5.8, 5% sand,
70% silt, and 25% clay. Crops that have been grown
during the previous 15 yr are wheat (Triticum aestivum
L.), maize (Zea mays L.), and soybean. Mean monthly
precipitation data during soybean growth were recorded
near the experimental area. There was sufficient moisture
each year for planting soybean in a normal date, and
crop emergence occurred 7 d after planting (DAP). Rain-
fall was 753 mm from November 1997 to February
1998.

Experiments were established as a split-plot design
with three replicates, and plot size was 7 m2. The main
plots consisted of two different soybean row spacings
(narrow and wide) and absence of soybean; the subplots
in the two different row spacings consisted of five weed
densities (0, 2, 4, 7, and 12 spurred anoda/m2), and in
the absence of soybean, the subplot consisted of four
weed densities (2, 4, 7, and 12 spurred anoda/m2) to
obtain weed monocultures. To establish the different
densities of spurred anoda, a naturally occurring seedling
population was thinned, selecting uniform plants at ap-
proximately 15 DAP.

Before planting, the field was harrow disked at a depth
of 12 cm. Soybean was planted in narrow rows (35 cm)
and in wide rows (70 cm). Soybean cv. ‘Asgrow RR
640/600’ was planted on December 4, 1997 and cv. ‘As-
grow RR 6401’ was planted on November 23, 1998 and
harvested in May every year. Soybean was planted in
narrow rows with a Gherardi G1004 grain drill and in
wide rows with a Gherardi G954 planter. Density was
371,800 plants/ha in narrow rows and 280,000 plants/ha

4 E. Gherardi e Hijos, Ruta 33, Km 741.5, 2170, Casilda, Santa Fe, Argen-
tina.

in wide rows. A 30% increase in planting rate in narrow-
row soybean is recommended for producers in Argenti-
na. The soil was not fertilized, and there was no interrow
cultivation. Grass weeds were controlled with haloxyfop
at 0.36 kg ae/ha, and broadleaf weeds other than spurred
anoda were hand weeded.

In 1998, photosynthetic photon flux (PPF) penetrating
through the soybean canopy was measured at midday,
eight times during soybean growing season, every 5 to
35 d using a bar and a LI-COR line quantum sensor (400
to 700 nm) placed across the center plot rows within
narrow- and wide-row soybean monocultures. Percent
light interception was calculated by dividing the mea-
surement made below the soybean canopy (0 and 30 cm
from the soil) by ambient unshaded light.

In 1997 and 1998, crop and weed top biomass was
harvested from randomly selected 1-m2 quadrats, dried
at 80 C, and weighed. To determine crop and weed bio-
mass dynamics, dry weights were assessed in both row
spacings at approximately 40, 84, 126, and 147 DAP in
plots containing 2 and 12 spurred anoda/m2.

Relative yield total (de Wit 1960) was established for
2, 4, 7, and 12 spurred anoda/m2 in both row spacings
at 147 DAP and was calculated as:

RYT 5 (B /B ) 1 (B /B )cw c wc w

where Bcw and Bwc are the biomass per unit area of the
crop and weed, respectively, when grown in mixtures
and Bc and Bw are their biomass in monoculture. The
overall plant density in weed–crop mixtures was equal
to the sum of the density of crop and weeds in mono-
cultures, a fully additive design according to Snaydon
(1991). The RYT values were displayed in bivariate di-
agrams (Snaydon and Satorre 1989) by plotting the rel-
ative biomass of soybean against that of the weed. For
an additive experiment, an RYT value of 1 means full
competition between species, and an RYT value of 2
means no competition. Any value of RYT between 1 and
2 means that competition is partial, i.e., that there is
some resource complementarity between species.

Aggressivity (Snaydon and Satorre 1989) was estab-
lished for 2, 4, 7, and 12 spurred anoda/m2 in both row
spacings 147 DAP and was calculated as:

Aggressivity 5 (B /B ) 2 (B /B )cw c wc w

where Bcw and Bwc are the biomass per unit area of the
crop and weed, respectively, when grown in mixtures
and Bc and Bw are their biomass in monoculture.

Crop and weed height were determined in 1998 in 10
crop plants and in all weed plants present in 1-m2 quad-
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Table 1. Biomass of narrow- (35 cm) and wide-row (70 cm) soybean growing
with 2 and 12 plants/m2 of spurred anoda during the crop growing season.

DAPa

1997

2 spurred
anoda/m2

Narrow Wide

12 spurred
anoda/m2

Narrow Wide

1998

2 spurred
anoda/m2

Narrow Wide

12 spurred
anoda/m2

Narrow Wide

g/m2

40
84

126
147

97*b

643
978

1,033

63
503
956

1,055

103*
336*
750*
860*

76
157
620
681

115*
289
603
681

83
323
612
697

107*
218*
575*
602*

89
156
378
423

a Abbreviation: DAP, days after planting.
b For each DAP and weed density, means followed by * are significantly

greater than the corresponding mean within row spacing based on a t test at
P 5 0.05.

Table 2. Biomass of 2 and 12 plants/m2 of spurred anoda growing in narrow-
(35 cm) and wide-row (70 cm) soybean during the crop growing season.

DAPa

1997

2 spurred
anoda/m2

Nar-
row Wide

12 spurred
anoda/m2

Nar-
row Wide

1998

2 spurred
anoda/m2

Narrow Wide

12 spurred
anoda/m2

Nar-
row Wide

g/m2

40
84

126
147

2
9

23
23

4
24*b

42*
45*

9
15
55
55

8
41*
82*
86*

0.8
21
38
37

0.5
19
37
38

8
39
65
69

9
62*

142*
144*

a Abbreviation: DAP, days after planting.
b For each DAP and weed density, means followed by * are significantly

greater than the corresponding mean within row spacing based on a t test at
P 5 0.05.

rats for 12 spurred anoda/m2 in both row spacings at 40,
84, 126, and 147 DAP.

Relative dry weights (RDW) were calculated as weed
dry weight/dry weight (crop 1 weed) for 0, 4, 7, and
12 spurred anoda/m2 in both row spacings 40 DAP.

Soybean grain yield was determined from 2-m2 quad-
rats for 0, 4, 7, and 12 spurred anoda/m2 in both row
spacings 147 DAP, and samples were processed through
a static thresher and seed cleaner to determine yield, and
weights were adjusted to 12% moisture.

Number of soybean pods per plant was determined at
harvest in 1998 in 10 plants per plot in both row spac-
ings for 0, 2, 4, 7, and 12 spurred anoda/m2.

Before analysis, dry weights were transformed into
logarithm (log (x 1 1)) values to homogenize variance
and improve normality. For soybean and spurred anoda
biomass, an ANOVA (P 5 0.05) was used to test the
effect of year, row spacing, weed density, and all pos-
sible interactions. For each DAP and weed density, bio-
mass between row spacings was compared using a t test
at P 5 0.05. Relative yield total values from all mixture
treatments were subjected to ANOVA (P 5 0.05), and
LSD (P 5 0.05) was calculated to compare mean values
against an RYT of 1. Aggressivity values from all mix-
ture treatments were subjected to ANOVA (P 5 0.05).
For each spurred anoda density, means were compared
between row spacings using a t test at P 5 0.05. Pho-
tosynthetic photon flux, and crop and weed heights were
compared between row spacings by a t test (P 5 0.05).
Data of grain yield in percentage relative to control with-
out weeds were subjected to ANOVA (P 5 0.05) to de-
termine the significance of any interactions among main
effects. The quality of the regression models was esti-
mated from the percent variance accounted for by the
model. Parameters of the equations were compared by a
t test (P 5 0.05).

RESULTS AND DISCUSSION

In both 1997 and 1998, soybean biomass at early de-
velopmental stages (40 DAP) was greater in narrow-
than in wide-row soybean and can account for the greater
competitive ability of narrow-row soybean (Table 1). A
year by treatment interaction was significant at all sam-
pling dates; therefore, data for each year were analyzed
separately. Row spacing 3 weed density interaction was
also significant, and data for each density were analyzed
separately. Greater crop biomass at early stages resulted
in a greater competitive advantage in other studies with
broadleaf weeds (Paolini et al. 1998). During both years
between 84 DAP to the end of the growing season, in
the presence of 12 spurred anoda/m2, crop biomass was
greater in narrow- than in wide-row soybean. However,
row spacing had no effect on crop biomass in the pres-
ence of 2 spurred anoda/m2.

No differences in spurred anoda biomass were ob-
served between row spacings 40 DAP. However, at the
end of the growing season, spurred anoda biomass was
lower in narrow- than in wide-row soybean in the pres-
ence of 12 spurred anoda/m2 (Table 2). With 2 spurred
anoda/m2, biomass was greater in wide- than in narrow-
row soybean only in 1997.

Soybean planted in narrow compared with wide rows
was able to obtain more limiting resources than spurred
anoda. Vigorous early soybean growth led to higher ra-
diation interception for narrow- compared with wide-row
soybean during the whole growing season when mea-
sured 30 cm from the soil surface and until 94 DAP
when measured 0 cm from the soil surface in 1998 (Fig-
ure 1). The lower radiation transmitted through the can-
opy in narrow- compared with wide-row soybean can
partially account for the greater competitiveness of the
narrow-row soybean with spurred anoda. Senescence of



WEED TECHNOLOGY

Volume 17, Issue 3 (July–September) 2003 449

Figure 1. Percent interception of photosynthetic photon flux (PPF) in relation
to days after planting in 1998 in narrow- and wide-row soybean measured 0
and 30 cm from the soil surface. Vertical bars pertaining to PPF are standard
errors of the mean of three replications.

Figure 2. Bivariate diagram based on the relative biomass of spurred anoda
in 1997 and 1998 in competition with soybean. The diagonal line indicates
conditions of RYT 5 1. The bars indicate an LSD (P 5 0.05) from 1. Narrow-
row (35 cm): 2 spurred anoda/m2 (M), 4 spurred anoda/m2 (n), 7 spurred
anoda/m2 (#), 12 spurred anoda/m2 (V). Wide-row (70 cm): 2 spurred anoda/
m2 (m), 4 spurred anoda/m2 (m), 7 spurred anoda/m2 (l), 12 spurred anoda/
m2 (v).

soybean began between 130 and 140 DAP, and at that
time, a rapid increase in radiation was observed in both
planting spacings. The increase in radiation due to crop
senescence in both planting spacings had no effect on
spurred anoda growth because the weed had already
completed its growth by this time.

For RYT data, a year 3 treatment interaction was sig-
nificant, and data for each year were analyzed separately.
Soybean gave resource complementarity with the weed
in most treatments (RYT . 1), regardless of the row
spacing (Figure 2). The exception was the mixture of 12
spurred anoda/m2 with soybean in 1998 when RYT
equals 1. Therefore, partial avoidance of competition in
mixed species was evident. Relative yield total values
greater than one were determined in other studies with
broadleaf species in soybean (Crotser and Witt 2000;
Vitta and Satorre 1999). During both years, spurred an-
oda growing season was completed about 130 DAP,
whereas soybean growth continued until about 150 DAP;
therefore, the shorter life cycle of the weed relative to
the crop may explain the tendency to give resource com-
plementarity as was reported for Sinapis arvensis L. (Pa-
olini et al. 1999). In 1997, precipitation was high, and
RYT was greater than 1, regardless of the weed density.
In 1998, a year with less precipitation, RYT was greater
than 1 with 2, 4, and 7 spurred anoda/m2, but with 12
weeds/m2, productivity was equal in monoculture and
mixed species (RYT 5 1). This indicates that the tol-
erance of soybean to spurred anoda competition was
greater with low weed density and with adequate levels
of soil moisture. Differences between years in spurred
anoda biomass response to competition with soybean

may be caused by environmental factors as has been ob-
served with other weed species (Deibert 1989; Hamill et
al. 1994). Planting with adequate soil moisture ensures
rapid soybean establishment and encourages soybean
rather than spurred anoda.

For aggressivity, a year 3 treatment interaction was
significant; therefore, data for each year were analyzed
separately. Planting pattern 3 weed density interaction
was also significant, and data for each density were an-
alyzed separately. During both years, soybean aggressiv-
ity decreased with the increase in weed density in both
row spacings and was greater in narrow- than in wide-
row spacing (Table 3). Therefore, competitive ability of
soybean toward spurred anoda is influenced by weed
density and crop row spacing.

Plant height of soybean and spurred anoda during the
crop growing season in 1998 is shown in Table 4. Soy-
bean plant height was not significantly influenced by row
spacing. Row spacing had little influence on weed height



PURICELLI ET AL.: COMPETITION IN NARROW- AND WIDE-ROW SOYBEAN

450 Volume 17, Issue 3 (July–September) 2003

Table 3. Effect of spurred anoda density on aggressivity at the end of the
crop growing season in narrow- (35 cm) and wide-row (70 cm) soybean.

Weed density

1997

Narrow Wide

1998

Narrow Wide

plants/m2 aggressivity valuesa,b

2
4
7

12

0.61 a*
0.68 a*
0.55 b*
0.51 b*

0.31 a
0.32 a
0.22 b
0.10 c

0.74 a*
0.60 b*
0.56 c*
0.33 d*

0.40 a
0.33 a
0.20 b
0.02 c

a Within row spacings, means followed by different letters differ signifi-
cantly, based on LSD at P 5 0.05.

b For each spurred anoda density, means followed by * are significantly
greater than the corresponding mean within row spacing based on a t test at
P 5 0.05.

Table 5. Pods per soybean plant at crop harvest of narrow- (35 cm) and wide-
row (70 cm) soybean in monoculture and growing with 2, 4, 7, and 12 plants
of spurred anoda/m2.

Weed density Narrow Wide

plants/m2 pods/plant

0
2
4
7

12

30
25
23
26
17

35*a

29*
29*
34*
20*

a For each spurred anoda density, means followed by * are significantly
greater than the corresponding mean within row spacing based on t test at P
5 0.05.

Table 4. Height of soybean and spurred anoda (12 plants/m2) growing in
mixtures in narrow- (35 cm) and wide-row (70 cm) soybean during the crop
growing season.

DAPa

Soybean

Narrow Wide

Spurred anoda

Narrow Wide

cmb

40
84

126
147

14
71
85
95

11
83
84
97

12
48
52
62

14
49
77*
94*

a Abbreviation: DAP, days after planting.
b For each DAP and species, means followed by * are significantly greater

than the corresponding mean within row spacing based on a t test at P 5
0.05.

Figure 3. Linear regression and predicted values of soybean grain yield in
1997 and 1998 in percentage relative to control without weeds in relation to
relative dry weights (RDW) in narrow- (v) and wide- (M) row soybean and
symbols represent observed values.

before 126 DAP, but the reduced height of spurred anoda
plants in narrow- than in wide-row soybean after 126
DAP is consistent with the reduced competitiveness of
the weed in the narrower row spacing.

Soybean grain yield in monocultures (0 spurred ano-
da/m2) was not different between row spacings and av-
eraged 4,030 kg/ha in 1997 and 2,880 kg/ha in 1998.
Soybean yield in monocultures was also equal in narrow-
and wide-row soybean in previous research (Wells
1993). In narrow- compared with wide-row soybean, a
higher number of pods per plant in wide rows in 1998
was compensated for by a lower number of plants per
area (Table 5). This compensation can partially account
for the absence of yield differences in both row spacings.

In the presence of spurred anoda, soybean yield im-
proved in narrow- compared with wide-row soybean
only in the most humid year, this was also observed for
other annual broadleaf weeds (Bauer et al. 1991; Elmore
1987). Furthermore, the early shading by soybean may
account for the greater grain yields in narrow-row com-
pared with wide-row soybean (Wax et al. 1997).

The relationship between RDW and yield in 1997 and
1998 is shown in Figure 3. The ANOVA revealed a sig-

nificant year by treatment interaction between narrow
and wide rows. As a result, regression analyses between
grain yield and relative dry weights were conducted sep-
arately for each year and were based on linear models.
In the presence of a single weed species, RDW can be
used to predict yield losses in crops (Lutman et al. 1996).
Yield loss in relation to weed density varies because of
differences in the period between crop and weed emer-
gence (Kropff and Lotz 1993), but the RDW yield loss
model accounts for the effect of weed densities, the pe-
riod between crop and weed emergence, and different
flushes of weeds. The relationship between weed dry
weight and and crop yield loss has been described by
various models, including linear, quadratic, sigmoidal,
and a rectangular hyperbola (Swanton 1999). Linear
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equations were used with low weed densities (Bauer et
al. 1991). In this study, a linear function related best the
soybean yield loss at harvest to RDW 40 DAP, probably
because the highest weed density observed in the field
during the study was only 12 spurred anoda/m2. The low
crop yield reduction by the lower spurred anoda densities
can also account for the high lack of fit of rectangular
hyperbola models.

A management system that uses quick canopy closure
by planting narrow-row soybean can provide excellent
soybean yield and spurred anoda suppression with low
weed densities. However, in the presence of high weed
densities, the reduction in weed biomass by crop com-
petition may enhance the effect of alternative control
practices such as the use of postemergence herbicides.
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