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Abstract

This study evaluated the relative competitive ability of rice cultivars in the presence of a joint-vetch (Aeschynomene denticulata)
biotype, at different replacement levels of plants in the association. The experiments were conducted in a randomized complete
block design with four replications. First, it was determined the population of plants in which the final dry mass remains
constant, both for the rice and for the joint-vetch (24 plants per pot). Later, two experiments were carried out to evaluate the
competitiveness of the rice cultivars BRS Queréncia and BRS Sinuelo CL with joint-vetch plants, both conducted in replacement
series, in different crop and weed combinations, varying the relative proportions of plants per pot (24:0, 18:6, 12:12, 6:18 and
0:24). Competitiveness of each species was analyzed by diagrams applied to replacement experiments and by the relative
competitiveness indices. Fifty days after the emergence, tillering or number of leaves, height, leaf area and shoot dry mass were
determined. Competition occurred between the rice cultivars and the joint-vetch, both were adversely affected, irrespective of
the plant proportion. This resulted in reductions in all evaluated variables. Different competitive abilities were observed between
rice cultivars in the presence of joint-vetch. The ‘BRS Queréncia’ was more competitive than the ‘BRS Sinuelo CL for all plant
proportions and variables tested.
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1. INTRODUCTION

The Brazilian production of rice (Oryza sativa L.) is
about 12 million tonnes (Silva et al., 2013), representing
a source of income and job in many farms in the country,
besides being one of the staple cereal foods most consumed
by the population. However, rice cultivation productivity
in Brazil is still greatly affected by biotic and abiotic factors.

Among the biotic factors that contribute most to
the damage to rice crops stand out weeds, by competing
with the crop for resources available in the environment
such as water, light and nutrients. Negative effects
caused by weed interference are observed in the growth,
development of crops, production and grain quality for
the industry (Agostinetto et al., 2010, 2013; Fleck et al.,
2008; Galon etal., 2011). It is noteworthy that weeds can
be hosts for pests and diseases and produce allelopathic
effects, even causing losses of 52% to 100% in rice crops
if no control measures are adopted, increasing the cost of
production and negatively influencing the efficiency of
crop irrigation (Fleck et al., 2008; Silva & Durigan, 2009).

Aeschynomene is a genus of weed infesting rice, containing
many species, also commonly called joint-vetch in rice
producing areas in southern Brazil (Fleck et al., 2008).
It is present in almost 30% of the area cultivated with
rice in Rio Grande do Sul State, causing great losses in
productivity and quality of the harvested grain, especially
for the regions of the South Coast, Central Depression
and West Border, which have the highest infestation of the
weed (Andres & Theisen, 2009). Given the poor control
of weeds in these regions and also considering the annual
cycle, dispersal and propagation by seeds and the difficulty
of crop rotation makes joint-vetch the most problematic
weed in rice cultivation (Lazaroto et al., 2008). Another
factor that enhances the negative effects of competition
of weeds and rice is the low competitive ability of this
cereal (Velho et al., 2012).

Andres & Theisen (2009) observed reduction of over
57% in the grain yield of the rice cultivar BRS Querencia,
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under competition with joint-vetch at a density between
25 and 31 plants m™.

In crops, the population of cultivated plants is usually
constant whereas the population of weeds varies according
to the soil seed bank and the environmental conditions that
change the infestation level (Agostinetto et al., 2008, 2013;
Galon et al,, 2011). Thus, in studies on competition, it is
necessary to evaluate not only the plant population in the
competitive process, but also the influence of the variation
in the proportion between the species (Christoffoleti &
Victéria, 1996).

Determination of competitive interactions between crops
and weeds requires appropriate experimental designs and
methods of analysis, and the conventional replacement series
experiments are the most used to clarify these relationships
(Agostinetto et al., 2013; Cralle et al., 2003; Crotser &
Witt, 2000; Estorninos et al., 2002; Roush et al., 1989;
Vidaetal., 2006). In these experiments, the crops generally
achieve greater competitive ability than weeds. In the field,
the effect of weed on culture is mainly related to the level
of infestation and not to its individual competitive ability
(Vila et al., 2004). However, when there is competition
between individuals of the same genus and/or species, the
competitive advantage of the crop can be changed, once
both exploit the same ecological niche.

In this context, considering the wide distribution,
infestation and losses caused by joint-vetch to irrigated
rice fields in Rio Grande do Sul State, associated with
lack of studies on the interference of this plant on the
irrigated rice, this study evaluated the competitive ability
between irrigated rice cultivars and a biotype of joint-vetch
(Aeschynomene denticulata), at different proportions of plants
in the association.

2. MATERIAL AND METHOD

The experiments were conducted at the Federal University
of Pampa (UNIPAMPA), municipality of Itaqui (RS), in a
greenhouse, between September and December 2011. The
experimental units were plastic pots with a capacity of 8 dm?,
filled with soil from a paddy field, classified as haplic plinthosol.
The amendment of soil fertility was performed according to
the technical recommendations for irrigated rice (SOSBAI,
2010). The physical and chemical characteristics of the soil
were: pH 4.8 in water; OM = 4.7 dagkg™; P = 6.8 mg dm;
K =48 mg dm™; AP’* = 0.5 cmol_dm™; Ca* = 4.76 cmol_
dm~; Mg** = 1.03 cmol_dm™; CEC (1) = 6.4 cmol_
dm; CEC (T) = 15.6 cmol_dm~; H+Al = 9.7 cmol_dm™;
SB = 60.59 cmolC dm™; V = 38%; and clay = 20%.

In all experiments, we adopted the randomized complete
block with four replications. Competitors tested included
the rice cultivars recommended for cultivation in the Rio

Grande do Sul State, namely BRS Sinuelo CL (Clearfield)

of mid-cycle (121-135 days), with modern type plants,
good tolerance to lodging and diseases, smooth leaves, thin
long grain with smooth hulls (SOSBAI, 2010) and the BRS
Queréncia early cycle (106-120 days) with “modern American”,
smooth leaves and grain strong stems, high tillering capacity,
large number of fertile spikelets, with moderate resistance
to diseases (SOSBAI, 2010). These cultivars competed with
a biotype of joint-vetch (Aeschynomene denticulata).

Preliminarily, both for the rice and the joint-vetch in
monoculture, we performed an experiment to estimate the
plant population in which the dry mass production remains
constant. To this end, we used populations of 1, 2, 4, 8, 16,
24,32, 40, 48, 56 and 64 plants per pot (equivalent to 25,
49, 98, 196, 392, 587, 784, 980, 1,176, 1,372 and 1,568
plants m™). The constant final production was achieved with
a population of 24 plants per pot, for all cultivars tested
under competition with joint-vetch, which amounted to
587 plants m™ (data not shown).

Two other replacement series experiments were conducted
to evaluate the competitiveness of rice cultivars BRS Queréncia
and BRS Sinuelo CL with joint-vetch plants, with different
combinations of cultivars and the weed biotype, varying the
relative proportions of plants per pot (24:0, 18:6, 24:12,
6:18, 0:24), maintaining a constant total number of plants
(24 plants per pot). To establish the desired populations for
cach treatment and achieve uniformity of seedlings, seeds
were previously allocated on trays, and later transplanted
to pots.

Fifty days after the emergence, we performed the
measurement of rice tillering or the number of composite
leaves of joint-vetch, height, leaf area (LA) and shoot dry
mass (DM) of the rice and of the joint-vetch. The number
of tillers (rice) or composite from the soil surface to the last
fully expanded leaf. Leaf area was determined with the aid
of an electronic integrator (Licor 3100), by collecting all
the plants in each treatment. After quantification of LA,
shoots were placed in paper bags and dried in a forced air
circulation oven at 60 + 5 °C to constant mass.

Data were analyzed by graphs illustrating the variation
or relative yield (Bianchi et al., 2006; Cousens, 1991;
Radosevich, 1987; Roush et al., 1989). This procedure,
also known as the conventional method for replacement
experiments, involves the construction of a diagram based
on the relative and total yield or variations (PR and PRT,
respectively). When the result of PR is a straight line, it means
that the species have equivalent abilities. If the result of PR
is a concave line, it indicates loss in growth of one or both
species. On the contrary, if the PR shows a convex line, it
indicates advantage in growth of one or both species. When
the PRT is equal to 1 (straight line), there is competition for
resources; if it is higher than 1 (convex line), the competition
is avoided. If the PRT is less than 1 (concave line), there is
mutual impairment of growth (Cousens, 1991).
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Indices of relative competitiveness (CR), relative clustering
coeflicient (K) and aggressiveness (A) were calculated,
in which CR is the comparative growth of rice cultivars
(X) in relation to joint-vetch (Y); K indicates the relative
dominance of one species over another, and A indicates the
most aggressive species. Thus, CR, K and A indices indicate
the most competitive species and their joint interpretation
indicates with greater precision the competitiveness of species
(Cousens, 1991). The rice cultivars X are more competitive
than the joint-vetch Y when CR> 1, K > Ky and A> 0; in turn,
the joint-vetch Y is more competitive than rice cultivars X
when CR <1, K <K and A <0 (Hoffman & Buhler, 2002).
To calculate these indices, we used 50:50 proportions of the
species involved in the experiment (joint-vetch and rice), or
populations of 12:12 plants per pot, using the equations:
CR=PR /PR ; K = PR /(I-PR); K = PR /(I-PR ); A= PR,
- PR accordmg to Cousens & O’ Nelll (1993)

The statistical analysis of yield or relative variation
included the calculation of the differences in the RP values
(DPR) obtained in the proportions 25%, 50% and 75%,
relative to values belonging to the hypothetical straight line
at the respective proportions, namely 0.25; 0.50 and 0.75
for PR (Bianchi et al., 2006; Fleck et al., 2008). We used
the #test to test the differences in the indices DPR, PRT,
CR, K and A (Hoffman & Buhler, 2002; Roush et al.,
1989). The null hypothesis to test the differences in DPR
and A is that mean values are equal to zero (H_ = 0); for
PRT and CR, mean values are equal to 1 (H_ = 1); and for
K, the mean differences between K and K are equal to
zero [H = (K - Ky) 0]. The criterion for con51der1ng the
curves PR and PRT different from hypothetical lines was
the occurrence of significant differences by the #test in at
least two proportions (Bianchi et al., 2006; Fleck et al.,
2008). Similarly, for the indices CR, K and A, there are
differences in competitiveness when at least two of them
showa significant difference by the #test.

The results obtained for rice tillering or number of
composite leaves of joint-vetch, plant height, leaf area and
dry mass, expressed as mean values per treatment, were
subjected to analysis of variance by F-test and, whenever
significant, means were compared by Dunnett’s test,
considering monocultures as controls in such comparisons.
For all statistical analysis we adopted p<0.05.

3. RESULTS AND DISCUSSION

The graphical results of the lines of relative yield (PR)
in relation to the expected lines, showed that rice cultivars
BRS Queréncia and BRS Sinuelo CL when combined with
the joint-vetch (competitor) have similar competitive ability
for all the variables studied and at the different proportions
tested (Figure 1). Total relative yield (PRT) was less than
one, with significant differences for all combinations

tested, evidencing a mutual impairment in all variables and
proportions analyzed (Figure 1; Table 1).

Among the variables, the tillering or the relative number
of leaves, the leaf area (LA) and the relative dry mass (DM)
showed greater reductions in the PR curve than the relative
plant height (Figure 1). The same was observed by Fleck et al.
(2008), who reported that the height of rice plants was
slightly reduced when in competition with red rice. This
trend in relation to height is probably associated with the
plant strategy to capture more light, thereby forming stems
with longer internodes in the case of rice and more etiolated
stems in the case of joint-vetch, with lower investment of
energy for growth and development. This is because light is
the main limiting resource in the community (Almeida &
Mundstock, 2001), with a key role in the initial response
of a plant with higher competitive potential (Galon et al.,
2011; Page etal., 2010). In wheat, Agostinetto et al. (2008)
and Rigoli et al. (2008) registered an increase in the height
of the plants when in competition with ryegrass or radish.
Moreover, Wandscheer et al. (2013) evaluated the competitive
ability of corn intercropped with goosegrass (Eleusine indica)
and reported that the weed exhibited better competitive
results than the crop.

In general, the differences relating to rice tillering and
joint-vetch leaf number, plant height (EP), AF and MS
(Table 1) showed a greater loss of PR in the competitor in
comparison with rice cultivars, except for the number of leaves
and the EB, in which the joint-vetch was more competitive
than the cultivar BRS Sinuelo CL at the proportion 75:25.
The competitive ability of rice cultivars, in the presence of
the weed, varied depending on the variable (Table 1). There
were major differences in tillering and AF, with superiority
of the cultivar BRS Queréncia to BRS Sinuelo CL, especially
with a higher proportion of the species in relation to the
competitor, with a reduction in this difference as the
proportion of competitor was increased. According to SOSBAI
(2010), the cultivar BRS Queréncia stands out compared to
other rice cultivars given the high tillering capacity, which
corroborates the results found herein. Similar results were
verified by Agostinetto et al. (2008), Bianchi et al. (20006),
Galon etal. (2011) and Wandscheer et al. (2013), which also
observed, when working with many species, the existence
of competitive variability according to the development
cycle and the intrinsic characteristics of each cultivar when
in competition with weeds.

For the variables AF, EP and MS, rice cultivars had a similar
competitiveness (Table 1). It can be inferred that as they
are different cultivars, they express different behavior in the
presence of joint-vetch, especially the difference in the cycle,
early and medium, respectively for the BRS Queréncia and
the BRS Sinuelo CL. Agostinetto et al. (2013) investigated
rice and soybeans competing with crabgrass (Digitaria ciliaris)
and observed that the intraspecific competition prevailed for
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Figure 1. Tillering (rice) or number of leaves (joint-vetch), height, leaf area and dry mass of plants. (®) Shoot dry mass of the irrigated rice
cultivar (X), (o) Shoot dry mass of the joint-vetch (Y) and (V) Total shoot dry mass (AFRT).
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Table 1. Relative differences for the variables tillering (rice) or number of leaves (joint-vetch), height, leaf area and shoot dry mass of the
rice cultivars BRS Queréncia and BRS Sinuelo CL and of the joint-vetch, at 50 days after emergence. UNIPAMPA, Itaqui (RS), 2011/2012

Variables
75:25

Tillers (rice) or number of leaves (joint-vetch)
BRS Queréncia -0.19 (x0.01)*
Joint-vetch -0.24 (+0.001)*
Total 0.57 (x0.01)*
BRS Sinuelo CL -0.33 (+0.01)*
Joint-vetch -0.21 (x0.001)*
Total 0.46 (+0.01)*
Height
BRS Queréncia -0.03 (+0.02)
Joint-vetch -0.09 (+0.03)
Total 0.88 (+0.04)
BRS Sinuelo CL -0.07 (+0.001)*
Joint-vetch -0.04 (+x0.01)*
Total 0.89 (+0.01)*
Leaf area
BRS Queréncia -0.16 (+0.06)
Joint-vetch -0.23 (+0.001)*
Total 0.61 (+0.06)*
BRS Sinuelo CL -0.21 (+x0.02)*
Joint-vetch -0.24 (+0.001)*
Total 0.56 (+0.02)*
Shoot dry mass
BRS Queréncia -0.18 (+0.01)*
Joint-vetch -0.23 (+0.001)*
Total 0.59 (+0.01)*
BRS Sinuelo CL -0.15 (+0.02)*
Joint-vetch -0.18 (+0.001)*
Total 0.67 (+0.02)*

Proportion of plants associated (rice: competitor)

50:50 25:75
-0.17 (+0.007)* -0.12 (+0.001)*
-0.42 (+0.001)* ~0.44 (+0.001)*

0.40 (+0.001)* 0.44 (+0.001)*
-0.26 (+0.007)* -0.17 (+0.007)*
-0.28 (+0.001)* -0.28 (+0.01)*
0.46 (+0.001)* 0.54 (+0.01)*
-0.03 (+0.01) -0.03 (+0.001)*
-0.07 (+0.02) -0.06 (+0.04)
0.90 (+0.01)* 0.91 (+0.04)
-0.05 (+0.04) -0.05 (+0.01)*
-0.06 (+0.03) -0.05 (+0.03)
0.90 (+0.04) 0.90 (+0.04)
-0.26 (+0.02)* -0.20 (+0.01)*
-0.33 (+0.02)* -0.44 (+0.03)*
0.41 (+0.03)* 0.36 (+0.03)*
-0.29 (+0.01)* -0.19 (+0.007)*
-0.34 (+0.01)* -0.38 (+0.02)*
0.38 (+0.02)* 0.42 (+0.03)*
-0.19 (+0.01)* -0.17 (+0.01)*
-0.35 (+0.01)* -0.33 (+0.03)*
0.46 (+0.01)* 0.50 (+0.04)*
-0.14 (+0.001)* -0.14 (+0.001)*
-0.26 (+0.01)* -0.15 (+0.02)*
0.60 (+0.01)* 0.71 (+0.02)*

* Significant difference by the #test (p<0.05). Values in brackets represent the standard error of the mean.

crops, while for the weed, prevailed interspecific competition
as the most harmful.

Tillering, EP, AF and MS of rice cultivars BRS Queréncia
and BRS Sinuelo CL were reduced when competed with
joint-vetch in all tested proportions (Table 2). There was
increasing loss to the crop, for the variables evaluated,
with increasing proportion of the competitor. The higher
the proportion of plants in the association (competitor
or crop), the greater the losses in variables of rice or even
weed; this demonstrates again the competition of species
for the same resources. The results of this study are similar
to several others in the literature, such as Cerqueira et al.
(2013) when analyzed Spermacoce verticillata competing
with rice cultivars Jatobd and Catetao; Agostinetto et al.
(2008) evaluated rice competing with barnyardgrass; and
Galon etal. (2011) who studied barley in competition with
ryegrass. All the above authors found greater reductions
in morphological variables with increasing proportion of
competitor plants in the association.

The BRS Queréncia, in the presence of different proportions
of joint-vetch, experienced minor losses compared to BRS
Sinuelo CL. At the proportion 75:25 (rice: competitor), as

to the number of tillers, the BRS Queréncia was reduced
by 26%, while the BRS Sinuelo CL, by 44% (Table 2).

Likewise, joint-vetch showed the greatest suppression in the
number of leaves when competing with the BRS Queréncia
(95%) than with BRS Sinuelo CL (83%) at 75:25 (rice:
competitor), demonstrating the higher competitiveness of
BRS Queréncia compared to BRS Sinuelo CL. Nevertheless,
for the other variables, the superiority of BRS Queréncia
over BRS Sinuelo CL is not so evident. Importantly, the
competition was detrimental to both rice cultivars, because
according to Bianchi etal., (2006) competition quantitatively
and qualitatively affects production, because it changes the
use efficiency of environmental resources, such as water, light,
CO, and nutrients. Also, in a plant community, benefit in
competition for resources is given for species that establish
first or by intrinsic characteristics on the competitive ability
of each cultivar (height, growth rate, number of tillers,
among others).

Besides that, when evaluating the relative competitiveness
index (CR), we found higher growth in both rice cultivars
compared with joint-vetch, in all variables (Table 3). Among
the cultivars, BRS Queréncia presented greater competitive
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Table 2. Differences between plants associated or not of the rice cultivars BRS Queréncia and BRS Sinuelo CL and joint-vetch for variables
tillering (rice) or number of leaves (joint-vetch), height, leaf area and shoot dry mass, at 50 days after the emergence. UNIPAMPA, Itaqui

(RS), 2011/2012

Proportions of plants Tillers or number of Height (cm) Leaf area Shoot dry mass
(Rice: Competitor) leaves (number in each (cm? - number of (g - number of plants/
treatment) plants/treatment) treatment)
BRS Queréncia
100:0 (T) 126.00 75.83 8299.59 93.06
75:25 94.00* 73.00 6213.99* 71.15*
50:50 82.00* 70.83 4387.41* 58.25*
25:75 64.00* 68.00* 1864.77* 29.66*
CV (%) 2.99 3.49 6.30 9.07
Competitor Joint-vetch
0:100 (T) 268.00 65.33 5191.48 92.32
25:75 112.33* 60.00 2427.33* 51.40*
50:50 40.67* 56.00 2243.84* 27.56*
75:25 14.00* 47.67* 441.36* 07.59*
CV (%) 3.95 9.18 8.48 9.59
BRS Sinuelo CL
100:0 (T) 157.00 65.33 8254.80 85.37
75:25 87.50* 59.67 5963.99* 68.46*
50:50 74.33* 59.33 3516.71* 60.84*
25:75 49.00* 53.33* 1864.77* 36.92*
CV (%) 2.53 8.09 4.78 3.81
Competitor Joint-vetch
0:100 (T) 288.67 73.50 5521.81 75.65
25:75 179.00* 68.33 2690.66* 45.56*
50:50 126.67* 65.33 1795.61* 27.56*
75:25 49.50* 60.33* 291.47* 26.89*
CV (%) 3.21 6.90 6.85 7.21

* Means differ from the control (T) by the Dunnett’s test (p<0.05).

Table 3. Indices of competitiveness between rice cultivars and competitor, expressed by relative competitiveness (CR), relative clustering
coeflicient (K) and aggressivity (A), obtained in experiments conducted in replacement series

Variables CR
Leaf area
BRS Queréncia x Competitor joint-vetch

BRS Sinuelo x Competitor joint-vetch

1.48 (+0.25)

Shoot dry mass

BRS Queréncia x Competitor joint-vetch

BRS Sinuelo x Competitor joint-vetch

Tillering (rice) or number of leaves (joint-vetch)
BRS Queréncia x Competitor joint-vetch

BRS Sinuelo x Competitor joint-vetch 1.08 (+0.03)
Plant height
BRS Queréncia x Competitor joint-vetch 1.10 (x0.10)

BRS Sinuelo x Competitor joint-vetch

1.31 (+0.06)*

2.21 (+0.12)*
1.49 (+0.09)*

4.29 (+0.11)*

1.03 (+0.11)*

K, (rice) Ky (competitor) A
0.31 (x0.03) 0.20 (+0.03) 0.07 (+0.03)*
0.27 (£0.02)* 0.19 (£0.01)* 0.05 (£0.01)*

0.18 (+0.09)*
0.31 (+0.02)*

0.16 (£0.01)*
0.12 (x0.02)*

0.46 (+0.01)*
0.55 (+0.01)*
0.08 (+0.002)*

0.48 (+0.05)* 0.25 (+0.001)*

0.31 (+0.05)* 0.28 (+0.007)* 0.02 (+0.01)
0.88 (+0.05) 0.76 (+0.07)* 0.04 (+0.04)
0.85 (0.14) 0.81 (+0.09) 0.01 (+0.05)

* Significant difference by r-test (p<0.05). Values in brackets represent the standard error of the mean. K and K are the relative clustering coefficients of rice cultivars and

competitor, respectively.

ability than BRS Sinuelo CL for all variables tested, under
competition with joint-vetch. The same was observed for
the coeflicients of competitiveness (K); in all cases, rice
showed higher values for this coeflicient (Table 3). Regarding
aggressiveness (A), rice was more competitive in all cases.
For this index (A), the BRS Queréncia was more aggressive
than BRS Sinuelo CL in the presence of the competitor
joint-vetch (Table 3).

In the joint interpretation of graphical analysis on the
relative variables and their significance in relation to the
equivalent values (Figure 1 and Table 1), morphological
variables (Table 2) and the competitiveness indices (Table 3),
in general, there was a negative interaction between the
species, affecting both rice cultivars and the competitor
(joint-vetch). Nonetheless, in this case, the competitor
suffered greater losses than rice, especially when associated
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with BRS Queréncia, which was more competitive than
BRS Sinuelo CL in the presence of joint-vetch.

4. CONCLUSION

There was competition between the rice cultivars BRS
Queréncia and BRS Sinuelo CL and the joint-vetch, both
were affected, regardless of the proportion of plants. In
all cases, there was a reduction in tillering or number of
composite leaves, in plant height in leaf area and in dry
mass of the species.

The competitive ability of the BRS Queréncia is higher
than the BRS Sinuelo CL in the presence of joint-vetch.

Rice cultivars BRS Queréncia and BRS Sinuelo CL have
a higher competitive ability than joint-vetch.
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