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Abstract
Maize is one of the world's major cereals, and alexandergrass is the most damaging weed in the crop. The objective of this work
was to evaluate the relative competitive ability of maize hybrids in the presence of alexandergrass through replacement series
experiments. The experiments were set up in a complete randomized block design, with four replications. Firstly, for the maize
hybrids as well as for the alexandergrass, the plant population was determined in which the final production becomes constant.
were composed of plastic pots with a capacity of 8 dm3, and in each experimental unit was placed in the proportion corresponding
to each treatment (100: 00, 75:25, 50:50, 25:75 and 0: 100) in each experimental unit, the species competing or not between them.
For each hybrid, a separate experiment was considered with the objective of evaluating intra and interspecific competition. The
analysis of the competitiveness of the species was carried out through diagrams applied to the replacement experiments and by
the relative competitiveness indexes. At 50 days after the emergence of the maize the leaf area (LA) and the dry mass of the aerial
part (DM) of the plants were checked. The relative competition was occured among the weed and each maize hybrid, being
negatively affected for both of species, independently of the proportion of weed causing reductions in LA and DM of the maize.
Interspecific competition causes less damage to LA and DM of species than intraspecific competition. There is basically competition
for the same environment resources (water, CO2, sun light and nutrients) between maize and alexandergrass, being the crop more
competitive than the weed.
Keywords: Zea mays, Urochloa plantaginea, Competitive ability.
Introduction
Maize (Zea mays L.) is one of the main cereals cultivated in
the world, with Brazil being the third largest producer
(USDA, 2018). The southern region accounts for 22.25% of
the national production, with about 3.81 million hectares
produced in the first and second seasons (CONAB, 2018),
destined for grains to several industries, including food
products for humans and animals (Faria et al., 2014). These
facts demonstrate the importance of the maize crop for the
southern region of Brazil, especially as it makes up the
productive matrix of family units and contributes to the food
security of the properties.
The productivity of maize crops can be influenced by several
factors, among which weed infestation stands out, as they
compete with the crop for the resources available in the
environment, such as water, light and nutrients, difficult the
management and are also hosts of pests and diseases that
may attack the crop (Vidal and Merotto, 2010, Monquero,

2014) Weeds cause losses in grain yield of maize and also in
the quality of harvested grains (Brito et al., 2011), which can
reach 70% if no management method is adopted (Moraes et
al., 2013).
Among the weeds that infest maize, alexandergrass (U.
plantaginea) stands out as one of the species that cause the
most damage to crops, due to the high competitive ability
caused by shading, absorb high amounts of water and
nutrients, and produces a high number of seeds (Kissman
and Groth, 1999; Velho et al., 2012; Wandscheer et al.,
2013) and present C4-type metabolism. The C4 plants have
higher ability to take advantage of the resources available in
the environment and, therefore, are usually more
competitive than the C3 plants (Wang et al, 2018).
In this sense, knowing the competitive ability of maize
hybrids in relation to weeds becomes an important tool for
the development of management strategies. Considering
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that in the crops, the population of the cultivated plants is
generally constant, whereas the population of the weeds
varies according to the seed bank of the soil and with the
environmental conditions that change the level of
infestation and consequent the competitiveness of the
species (Galon et al., 2011; Agostinetto et al., 2013;
Wandscheer et al., 2014). Thus, in competition studies, it is
not enough to evaluate only the plant population in the
competitive process, but also the influence of the variation
in the proportion between the species (Christoffoleti and
Victória Filho, 1996).
The determination of the competitive interactions for crops
and weeds requires appropriate experimental designs and
methods of analysis, with conventional replacement
experiments being the most used to clarify such
relationships (Vida et al., 2006; Agostinetto et al., 2013;
Wandscheer et al., 2014, Forte et al., 2017). In these
experiments, crops generally reach higher competitive
ability than weeds. In the field, the effect of the weed on the
crop is mainly due to the level of infestation and not to its
individual competitive ability (Vilá et al., 2004). However,
when there is competition between individuals of the same
genus and/or species, the competitive advantage of the crop
may be altered, since both exploit the same ecological niche.
Thus, studies that show the variation in the proportion
between the weeds and the crop to develop management
strategies become relevant, starting from the possibility of
defining the characteristics that confer greater competitive
ability to the crops (Fleck et al., 2008; Galon et al., 2011;
Agostinetto et al., 2013; Wandscheer et al., 2014; Forte et
al., 2017).
The hypothesis of the work is that the maize hybrids present
differentiation in the competition with the alexandergrass.
The objective of this study was to evaluate the relative
competitive ability of maize hybrids in the presence of
alexandergrass through replacement series experiments.

only two situations the TRP presented values greater than 1
and convex line, for the variable DM in the proportions of
50:50 and 25:75 involving the Agroeste hybrid and the
alexandergrass (Figure 2 and Table 1), but without
significance in at least two proportions of evaluated plants.
These results of the TRP of concave lines and values lower
than 1, allow to infer that there was competition between
maize and alexandergrass by the same environment
resources. According to Rubin et al. (2014) when TRP <1
there is a mutual antagonism between species that are
competing for the environment resources, not adding to the
increase in final productivity. Results like the present study
were found by Wandscheer et al. (2014) when evaluating
the competitive ability of the DKB 240 YG maize hybrid in
competition with different populations of Sudan grass
(Sorghum sudanense).
For the variables LA and DM, we observed in all
combinations of plants involving the maize hybrids and the
alexandergrass that the deviations of the RP straight lines in
relation to the expected lines are concave lines. For the
same variable (DM) in the proportion of 75:25 involving the
hybrid Nidera versus alexandergrass which also presented
convex line, that is, when the lines are convex, loss of
productivity occurs for both the crop and the competing
species. Thus it is concluded that the competition was for
the same resources of the environment. This demonstrates
that the crop and the weed compete for the same resources
of the environment in which they are inserted with mutual
injury to the growth of the species. In order to study the
effect of Sudan grass in maize (Wandscheer et al., 2014),
ryegrass on barley (Galon et al., 2011) and soybean weeds
(Forte et al., 2017) of concave lines for the crop and
competitor for the evaluated variables, which corroborates
that found in the present study.
Evaluating Figures 1 and 2, it was generally found that in all
proportions there was a decrease in the LA and DM variables
according to the increase in the population of the
alexandergrass. In the LA (Figure 1) in the same population
of the crop with the competitor (50:50) there was a
significant difference, with reductions greater than 25.4;
33.0; 53.5 and 53.8% for the hybrids Agroeste, Morgan,
Nidera and Syngenta, respectively, when compared to the
free alexandergrass control.
For DM (Figure 2) using the same comparison, a decrease of
52.7; 13.6 and 37.6% for three hybrids; Agroeste AS1551
PRO2, Morgan MG300PW and Nidera NS92 PRO in
coexistence with alexandergrass was observed. A curious
fact was the competition of the Syngenta hybrid Velox TL
that presented a 27% increase in DM when competing with
the alexandergrass in the proportion of 50:50. This fact is
explained by the fact that the hybrid has some intrinsic
characteristic that maes it more competitive than the weed
under study, such as a greater increase of leaf area and stem
growth in the presence of the weed. Similar results were
found by Wandscheer et al. (2014), where, when comparing
combinations of maize (DKB 240 YG hybrid) and Sudan grass
(Sorghum sudanense) plants, in proportions 100, 75, 50, 25
and 0% of maize plants and the inverse for the weed showed
no significant reductions in any of the tested species. This
fact can be explained by the plasticity of the species in
responding to the variations in the availability of
environment resources, that is, rapid morphological
adjustments in response to the scarcity of resources, thus

Results and Discussion
The variance analysis of the data showed that there was a
significant interaction between the leaf area (LA) and shoot
dry matter (DM) proportions of maize hybrids and
alexandergrass. Replacement experiments between maize
versus maize hybrids indicated competition among species,
where productivity values obtained in the different
proportions between the two species deviated from the
expected yield line. In general, the association between the
two species was more damaging to the weed than the crop
(Figures 1 and 2; Tables 1, 2 and 3).
Productivity or relative variations
The graphical results indicate that the maize hybrids
(Agroeste, Morgan, Nidera and Syngenta) showed
similarities regarding competition with the alexandergrass
biotype and that differences were observed for the variables
LA and DM, in the great majority of evaluated plant
proportions (Figures 1 and 2, Table 1). Significant differences
were observed in at least two proportions in relation to TRP
for LA and DM of the hybrids Agroeste, Morgan, Nidera and
Syngenta when competing with the alexandergrass, with
concave lines in most situations and average values lower
than 1 (Figures 1 and 2. Table 1). It should be noted that in
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facilitating the capture of water, light, nutrients and space
by the plant, making it more competitive (Dias-Filho, 2006).
This shows that the alexandergrass is very competitive and
when it presents the same population that, the crop it
causes negative interference in the maize growth, except to
the Syngenta hybrid for the DM that showed contrary
behavior as previously reported. According to Jannink et al.,
(2000) plant species when living in a community can respond
to competition with reduced growth due to the effect of
interference between them, which corroborates the
observed in the present study with the negative effect on
the LA and DM of most of the maize hybrids evaluated.
In general, maize hybrids presented higher relative growth
than alexandergrass in all proportions of plants evaluated for
the tested variables, presenting higher RP for the crop and
smaller for the weed, however they presented little
contribution to the TRP (Figures 1 and 2. Table 1). It is
possible to report that the probable cause of maize has a
higher relative growth than the alexandergrass is related to
the stature of plants, becoming more efficient in the search
for solar radiation and imposing shading to the weed
(Almeida and Mundstock, 2001). When one species is more
competitive than another it will indicate that it will have a
greater ability to assimilate the resources available in the
environment and thus increase growth and development
potential, which increases the damage to the competitor,
since smaller amounts of resources will be available
(Agostinetto et al., 2013). In this way the competition for
quantity and quality of light is the result of the proximity of
plants, which compromises the increase of LA and DM, as
there is interference in the formation and growth of leaves
(Wu et al., 2012). It should be emphasized that in
replacement experiments there is little evidence of
qualitative changes due to population growth, that is, the
dominance of one species over another rarely changes with
population change (Cousens and O'Neill 1993).
The results showed, in general, higher TRP values of all
combinations, the larger the proportions of maize plants in
the simulations and the smaller the alexandergrass when
competing with each other - a significant situation for both
variables studied (Table 1). This behavior shows that the
species are competitive and that one does not contribute
more than expected to the total productivity of the other
(Radosevich, 1987). Because they belong to the same
botanical family, maize hybrids and alexandergrass were
expected to exploit the same ecological niche and compete
for the same environmental resources, presenting
differences in competitiveness. These were verified in
related species, such as between rice and red rice (Panton
and Baker, 1991; Fleck et al., 2008), barley x ryegrass (Galon
et al., 2011), rice x gulf cockspur grass (Galon and
Agostinetto, 2009) and sorghum crop x Sorghum Halepense
(Hoffman and Buhler, 2002).
It was observed that the morphological variables, LA and
DM, of the maize hybrids; Agroeste, Morgan, Nidera and
Syngenta, were reduced when they competed with
alexandergrass in all combinations analyzed, regardless of
the proportion of plants in the association (Table 2). The
higher the proportion of the competitor in the association
with the hybrids, the greater the damage to the crop
variables. In the alexandergrass, the same tendency of

reduction of the LA and the DM was observed. Research has
reported that damage to crop and weed growth may occur
when competing in a particular community (Fleck et al.,
2008; Rigoli et al., 2008; Galon and Agostinetto, 2009;
Agostinetto et al., 2009; Galon et al., 2011; Forte et al.,
2017).
It was observed for the LA and DM variables that the highest
averages per plant of the crop or even of the alexandergrass
were obtained when they were presented in smaller
populations in the association in all the combinations (Table
2). In this way it was found that interspecific competition is
less harmful for both species involved than intraspecific
competition. Christoffoleti and Victoria Filho (1996) also
observed that the effect of intraspecific competition was
more damaging than interspecific when working with maize
in the presence of Amaranthus spp.. Zanine and Santos
(2004) describe that the reduction in species growth,
involved in intra-or interspecific combinations, results from
spatial competition between groups of plants occupying the
same space. Other studies involving different species of
competing plants also showed effects similar to those
observed in the present study, such as wheat in the
presence of ryegrass (Rigoli et al., 2008), rice in competition
with gulf cockspur grass (Galon and Agostinetto, 2009), rice
and soybean x southern crabgrass (Agostinetto et al., 2013),
wheat x turnip (Costa and Rizzardi, 2015) and soybean x
weeds (Forte et al., 2017).
Bianchi et al., (2006) describe that the competition affects
quantitative and qualitative production, since it modifies the
efficiency of the use of the resources of the environment,
such as water, light, CO2 and nutrients, being established
between the crop and the plants of other species on the site.
This competition also occurs between individuals of the
same species or between predominant biotypes in the area,
as verified by Ferreira et al. (2008), which verified that
ryegrass biotypes resistant to glyphosate have less
competitive capacity than susceptible ones. It is also worth
noting that in a plant community there is a benefit in the
competition for the resources by those who establish
themselves first, due to the intrinsic characteristics of each
cultivar or hybrid as regards the competitive ability (root
system, height, leaf area index, speed of growth, number of
tiller, among others), by the best use or necessity of the
resources by a certain species within an ecological niche.
Competitive indexes
The maize hybridity X (Agroeste - AS 1551 PRO 2, Morgan MG 300 PW, Nidera - NS 92 PRO and Syngenta - Velox TL) is
more competitive than the alexandergrass Y, when
compared by the coefficients developed by Hoffman and
Buhler (2002), CR> 1, Kx> Ky and A> 0. Thus, a criterion to
prove competitive superiority was adopted, the occurrence
of a significant difference in at least two of these indices
(Bianchi et al., 2006). In all simulations the maize hybrids
presented the highest growth, for the variables LA and DM
when in competition with the alexandergrass, as indicated
by the CR index (greater than 1), K of the crop larger than
that of the weed and A (positive), except for the Agroeste
DM, which showed lower maize competitiveness (but with
no
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Table 1. Relative differences for leaf area and dry matter of maize hybrids (Agroeste - AS 1551 PRO 2, Morgan - MG 300 PW, Nidera
- NS 92 PRO and Syngenta - Velox TL) or alexandergrass (Urochloa plantaginea), 50 days after the emergency.
Associated plants proportions (maize: alexandergrass)
Variables
75:25
50:50
25:75
Leaf area
AS 1551 PRO 2
-0.14 (±0.05)
-0.13 (±0.02)*
-0.20 (±0.01)*
Alexandergrass
-0.24 (±0.001)*
-0.37 (±0.03)*
-0.44 (±0.17)
Total
0.62 (±0.06)*
0.51 (±0.04)*
0.37 (±0.18)
MG 300 PW
-0.27 (±0.03)*
-0.17 (±0.05)
-0.14 (±0.01)*
Alexandergrass
-0.23 (±0.001)*
-0.45 (±0.001)*
-0.53 (±0.001)*
Total
0.50 (±0.03)*
0.39 (±0.05)*
0.33 (±0.01)*
NS 92 PRO
-0.12 (±0.01)*
-0.27 (±0.02)*
-0.18 (±0.001)*
Alexandergrass
-0.23 (±0.001)*
-0.34 (±0.01)*
-0.20 (±0.04)*
Total
0.65 (±0.01)*
0.39 (±0.02)*
0.62 (±0.04)*
Velox TL
-0.31 (±0.03)*
-0.27 (±0.02)*
-0.18 (±0.001)*
Alexandergrass
-0.23 (±0.001)*
-0.43 (±0.001)*
-0.42 (±0.001)*
Total
0.46 (±0.03)*
0.31 (±0.02*)
0.39 (±0.01)*
Shoot dry matter
AS 1551 PRO 2
-0.09 (±0.03)
-0.26 (±0.06)*
-0.14 (±0.001)*
Alexandergrass
-0.09 (±0.04)
0.43 (±0.22)
0.93 (±0.46)
Total
0.82 (±0.04)*
1.16 (±0.19)
1.79 (±0.46)
MG 300 PW
-0.005 (±0.05)
-0.07 (±0.02)
-0.04 (±0.001)*
Alexandergrass
-0.23 (±0.001)*
-0.43 (±0.001)*
-0.57 (±0.01)*
Total
0.76 (±0.05)*
0.50 (±0.02)*
0.39 (±0.01)*
NS 92 PRO
0.11 (±0.04)
-0.19 (±0.03)*
-0.07 (±0.001)*
Alexandergrass
-0.23 (±0.001)*
-0.46 (±0.001)*
-0.60 (±0.01)*
Total
0.87 (±0.04)
0.35 (±0.03)*
0.33 (±0.02)*
Velox TL
0.14 (±0.02)*
0.14 (±0.02)*
-0.06 (±0.001)*
Alexandergrass
-0.21 (±0.001)*
-0.42 (±0.001)*
-0.23 (±0.02)*
Total
0.93 (±0.02)
0.72 (±0.02)*
0.71 (±0.02)*
* Significant difference by the "t" test (p≤0.05). Values in parentheses represent the standard error of the average.
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Table 2. Differences between maize hybrids (Agroeste - AS 1551 PRO 2, Morgan - MG 300 PW, Nidera - NS 92 PRO and Syngenta Velox TL) and alexandergrass (Urochloa plantaginea) for leaf area and dry mass of the shoot part, 50 days after the emergence of
the plants.
Plant proportions
Maize hybrids
AS 1551 PRO 2
MG 300 PW
NS 92 PRO
Velox TL
Maize:alexandergrass
Leaf area (cm2 pot-1)
100:0 (T)
2272.74
2087.98
2522.06
2838.09
75:25
1858.51
1336.51*
2127.61
1653.00*
50:50
1695.50*
1397.86*
1172.09*
1311.54*
25:75
473.78*
917.22*
747.34*
764.36*
CV (%)
12.77
16.10
14.21
8.93
Alexandergrass:Maize
(cm2 pot-1)
100:0 (T)
4347.39
1803.87
3497.46
3730.65
75:25
1814.91
532.35*
2542.41*
1618.01*
50:50
1160.46*
191.68*
1119.14*
556.34*
25:75
144.77*
119.91*
295.93*
297.21*
CV (%)
59.81
11.17
10.31
3.37
Plant proportions
Maize hybrids
AS 1551 PRO 2
MG 300 PW
NS 92 PRO
Velox TL
Maize:alexandergrass
Shoot dry matter (g pot-1)
100:0 (T)
29.46
22.97
31.56
35.32
75:25
25.77
22.84
36.14
41.99*
50:50
13.95*
19.84
19.69*
44.90*
25:75
13.50*
19.25*
22.77*
27.79*
CV (%)
18.18
7.39
8.69
7.16
Alexandergrass:maize
Shoot dry matter (g pot-1)
100:0 (T)
4.85
16.97
41.13
29.89
75:25
10.83
3.98*
8.39*
20.48*
50:50
8.99
2.23*
3.13*
4.99*
25:75
3.08
1.18*
2.65*
4.73*
CV (%)
46.62
8.26
15.96
11.93
* Average differs from control (T) by Dunnett's test (p<0.05).
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Table 3. Competitiveness indexes among maize hybrids (Agroeste - AS 1551 PRO 2, Morgan - MG 300 PW, Nidera - NS 92 PRO and
Syngenta - Velox TL) and alexandergrass (Urochloa plantaginea), expressed by relative competitiveness (RC), cluster coefficients
relative (K) and aggressiveness (A), obtained in experiments carried out in replacement series, at 50 days after emergence.
Variable
CR
Kx
Ky
A
Leaf area
AS 1551 PRO 2 x alexandergrass
2.97 (±0.46)*
0.60 (±0.05)*
0.16 (±0.03)*
0.24 (±0.01)*
MG 300 PW x alexandergrass
6.25 (±0.67)*
0.52 (±0.1)*
0.06 (±0.002)*
0.28 (±0.04)*
NS 92 PRO x alexandergrass
1.45 (±0.10)*
0.30 (±0.03)*
0.19 (±0.01)*
0.07 (±0.02)*
Velox TL x alexandergrass
3.10 (±0.26)*
0.30 (±0.03)*
0.08 (±0.001)*
0.16 (±0.02)*
Shoot dry matter
AS 1551 PRO 2 x alexandergrass
0.31 (±0.15)*
0.33 (±0.10)
3.20 (±0.5)
-0.69 (±0.25)
MG 300 PW x alexandergrass
6.56 (±0.30)*
0.76 (±0.06)*
0.07 (±0.0009)*
0.37 (±0.02)*
NS 92 PRO x alexandergrass
8.49 (±1.35)*
0.46 (±0.06)*
0.04 (±0.005)*
0.27 (±0.03)*
Velox TL x alexandergrass
7.71 (±0.35)*
1.77 (±0.18)*
0.09 (±0.002)*
0.55 (±0.02)*
* Significant difference by t-test (p <0.05). Values in parentheses represent the standard error of the average, K x and Ky are the relative clustering coefficients of the maize hybrids and the
alexandergrass competitor, respectively.

Table 4. Genetic characteristics of the hybrids used in the study.
Company
Pedigree
Genotype
Agroeste
AS 1551 PRO2
Single cross
Morgan
MG 300 PW
Single cross
Nidera
NS 92 PRO
Single cross
Syngenta
Velox TL
Single cross
significance in at least two indices), in relation to
alexandergrass in all indexes (CR, K and A). In general,
differences between maize hybrids and alexandergrass were
observed, which shows that both are not equivalent in terms
of competition, emphasizing that the crop is more
competitive than the weed (Table 3).
Corroborates with the results of the present study those
found by Wandscheer et al. (2014) who also found that
maize was more competitive than the Sudan grass. Using the
three indexes to define competitiveness, it was observed
that sorghum cultivated was more competitive than
Sorghum halepense (Hoffman and Buhler, 2002), that
soybean cultivars were more competitive than weeds (Forte
et al., 2017) and that red rice presented greater
aggressiveness than rice (Fleck et al., 2008). According to
Vilá et al., (2004) when sowing the crops in association with
weeds, with variation in the proportion of plants, the crops
usually have an advantage in relation to relative
productivity, thus demonstrating that intraspecific
competition exceeds interspecific competition. We
interpreted the graphs of relative variables and their
significance in relation to the equivalent values (Figures 1
and 2, Table 1), the morphological variables (Table 2) and
the competitiveness indexes (Table 3). In general, there was
a negative interaction effect among the species, being the
maize hybrids Agroeste - AS 1551 PRO 2, Morgan - MG 300
PW, Nidera - NS 92 PRO and Syngenta - Velox TL, as well as
the alexandergrass are affected. The maize hybrids, in
general, showed a greater competitive ability than the
alexandergrass in all proportions of associated plants. Thus,
the differences in competitiveness of the evaluated species
may be due to the fact that they exploit the same resources,
water, light and nutrients. It was found that the unmanaged
alexandergrass when infesting the crop will cause losses due
to the high competitiveness. Corroborates with the present
work the results found by Christoffoleti and Victoria Filho,
(1996) and Wandscheer et al. (2014) to denote that
competition occurred between maize in the presence of
Amaranthus spp. and sudan grass, respectively. Research

Cycle and biotechnology
Early cycle and VT PRO 2 biotechnology
Early cycle and Power Core biotechnology
Early cycle and biotechnology VT PRO
Early cycle and biotechnology TL
has reported that species belonging to the same botanical
families have similarities in the demand for resources of the
environment; sorghum x Sorghum halepense (Hoffman and
Buhler, 2002), rice x rice-red (Fleck et al., 2008) and rice x
gulf cockspur grass (Galon and Agostinetto, 2009).
Knowledge of the dynamics and competitiveness of plants,
especially maize and alexandergrass, is important for
decisionmaking to control weeds in a given population that will not
cause negative interference with the crop, especially
considering that the alexandergrass produces seeds in
abundance, and that they can remain dormant in the soil for
more than a decade (Voll et al., 2001). Skora Neto (2001)
found a population of 2000 emerged plants per hectare of
alexandergrass, after having performed for 10 years the
prevention of seed production in the area.
Materials and Methods
Nine experiments were carried out in the greenhouse of the
Federal University of the Fronteira Sul (UFFS), Campus
Erechim, RS, between November 2015 and February 2016.
The experimental units were composed of plastic pots with a
capacity of 8 dm3, filled with soil originating from agricultural
area, characterized as Red Latosol (Embrapa, 2013).
Correction of pH and soil fertility was performed according
to the technical recommendations for maize cultivation and
based on physico-chemical analysis (Rolas, 2004). The
chemical and physical characteristics of the soil were: pH in
water de 4.8; Organic matter = 3.5%; P= 4.0 mg dm-3; K=
117.0 mg dm-3; Al3+=0.6 cmolc dm-3; Ca2+= 4.7 cmolc dm-3;
Mg2+= 1.8 cmolc dm-3; CEC(t)= 7.4 cmolc dm-3;
CEC(TpH=7.0)= 16.5 cmolc dm-3; H+Al= 9.7 cmolc dm-3; SB=
6.8 cmolc dm-3; V= 41% and Clay= 60%.
Plant materials
The information of the hybrids used is shown in table 4. Four
experiments were carried out to evaluate the competition
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ability of the maize hybrids of Agroeste (AS 1551 PRO 2),
Morgan (MG 300 PW) and Nidera (NS 92 PRO) and Syngenta
(Velox TL) with alexandergrass plants. Both were conducted
in replacement series, in the different combinations of maize
hybrids and weed biotype, varying the relative proportions
of plants pot-1 of: 100: 0, 75:25, 50:50, 25:75 and 0: 100
which was equivalent to 20: 0, 15: 5, 10:10, 5:15 and 0:20
plants pot-1 of the species, keeping the total population of
plants (20 pot-1 plants) constant. To establish the desired
populations in each treatment and to obtain uniformity of
the seedlings, the seeds were previously seeded in trays and
later transplanted to the pots.

minimized. If the TRP is less than 1 (concave line), there is
mutual impairment to growth (Cousens, 1991).
Relative competitiveness (RC), relative clustering coefficient
(K) and aggressiveness (A) of the species were also
calculated. The RC represents the comparative growth of
maize hybrids (X) relative to the alexandergrass competitor
(Y); K indicates the relative dominance of one species over
the other; and A points which species is more aggressive.
Thus, the RC, K and A indices indicate which species is more
competitive and their joint interpretation indicates more
safely the species' competitiveness (Cousens, 1991). Hybrids
of maize "X" are more competitive than the alexandergrass
competitor "Y" when CR> 1, Kx> Ky and A> 0; on the other
hand, the Papuan competitor "Y" is more competitive than
the "X" maize hybrids when CR <1, Kx <Ky and A <0 (Hoffman;
Buhler, 2002). In order to calculate these indexes, the
proportions 50:50 of the species involved in the experiment
(maize versus alexandergrass), that is, the populations of
10,10 plants pot-1 were used, using the following equations:
CR = PRx / PRy; Kx = PRx / (1-PRx); Ky = PRy / (1-PRy); A = PRxPRy, according to Cousens and O'Neill (1993).
The procedure of statistical analysis of productivity or
relative variation included the calculation of the differences
for the RP (DRP) values obtained in proportions 25, 50 and
75% in relation to the values belonging to the hypothetical
line in the respective proportions, that is, 0.25, 0.50 and 0.75
for RP (Bianchi et al., 2006; Fleck et al., 2008). The t-test was
used to test for DRP, TRP, RC, K and A indexes (Roush et al.,
1989; Hoffman and Buhler, 2002). It was considered as null
hypothesis, to test the differences of DPR and A, that the
averages were equal to zero (Ho = 0); for TRP and CR, that
the averages were equal to one (Ho = 1); and for K, that the
averages of the differences between Kx and Ky were equal to
zero [Ho = (Kx - Ky) = 0]. The criterion for considering the RP
and TRP curves other than the hypothetical lines was that, at
least in two proportions, significant differences occurred by
the "t" test (Bianchi et al., 2006; Fleck et al., 2008). Likewise,
for CR, K and A, the existence of differences in
competitiveness was considered when, at least in two of
them, there was a significant difference by the t test.
The results obtained for both maize and competitor LA and
DM, expressed as average values per treatment, were
subjected to analysis of variance by the F test and when this
was significant the averages of the treatments were
compared by the Dunnett test, considering monocultures as
witnesses in these comparisons. In all the statistical analyzes
carried out, p≤0,05.

Experimental design, installation and conduction of
experiments
The experimental design adopted in all experiments was a
randomized block design, with four replications. In a
preliminary study, for both maize hybrids and alexander
grass, five experiments were carried out in monocultures to
estimate the plant population in which the final dry matter
production becomes constant. For this, the populations of 1,
2, 4, 8, 16, 24, 32, 40, 48, 56 and 64 plants pot-1 (equivalent
to 25, 49, 98, 196, 392, 587, 784, 980, 1,176, 1,372 and
1,568 plants m-2). The shoot part of the maize and/or
alexandergrass plants were collected 50 days after the
emergence of the species to determine the dry matter of the
aerial part (DM), which was quantified by weighing, after
being dried in a forced circulation oven air at a temperature
of 65±5 °C until reaching a constant weight. By the average
values of DM of the species, there was a constant production
of DM with populations of 20 plants pot-1, for all maize
hybrids and/or alexandergrass biotype, corresponding to 463
m-2 plants (data not shown).
Variables evaluated
At 50 days after the emergence of the species, the leaf area
(LA) and the DM of both maize and the competitor were
measured. The determination of LA was performed with a
portable CI-203 BioScence leaf area meter, and the variable
was quantified in all plants in each treatment. After the
quantification of LA, the shoot part of the plants was
conditioned in paper bags and dried in a forced air
circulation oven, at a temperature of 60±5 ºC, until constant
DM was obtained.
Graphical and statistical analyzes

Conclusion
The data were analyzed using the method of graphical
analysis of variation or relative productivity (Radosevich,
1987; Roush et al., 1989; Cousens, 1991; Bianchi et al.,
2006). This procedure, also known as the conventional
method for replacement experiments, consists of the
construction of a diagram based on the relative (RP) and
total (TRP) yields or variations. When the RP result is a
straight line, it means that the species' abilities are
equivalent. If RP results in a concave line, there was damage
in the growth of one or both species. On the contrary, if RP
results in a convex line, there is a benefit in the growth of
one or both species. When the TRP is equal to unit 1
(straight line), competition occurs for the same resources; if
it is greater than 1 (convex line), the competition is

The results allow to conclude that competition between the
maize hybrids (Agroeste - AS 1551 PRO 2, Morgan - MG 300
PW, Nidera - NS 92 PRO and Syngenta - Velox TL) occurs with
the alexandergrass, being negatively affected regardless of
the proportion of plants, causing reductions in the LA and
DM of the species. Interspecific competition causes less
damage to LA and DM of species than intraspecific
competition. There is basically competition for the same
resources between the maize and the alexandergrass. When
comparing the species among themselves, maize was more
competitive than the alexandergrass. In high populations of
alexandergrass, there is a need for management to avoid the
negative effect on maize growth.
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