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Abstract:
							                           
Weeds can interfere in the growth and development of bean plants if not properly managed, especially the wild poinsettia (Euphorbia heterophylla L.). This study aimed to evaluate the competitive ability of black bean cultivars coexisting with wild poinsettia. The experiment was conducted in a greenhouse, in a completely randomized design, with four replications. Each treatment consisted of one bean plant of the BRS Campeiro, IPR Uirapuru or SCS Predileto cultivars, living with 0, 1, 2, 3, 4 or 5 wild poinsettia plants, corresponding to populations of 0 plants m-2, 22 plants m-2, 44 plants m-2, 66 plants m-2, 88 plants m-2 and 110 plants m-2. Bean and wild poinsettia plants were assessed for stem diameter, leaf area, chlorophyll content, plant height and shoot dry mass. The bean cultivars behaved differently when cultivated with distinct wild poinsettia populations. The SCS Predileto cultivar showed a higher competitive ability against the wild poinsettia than the BRS Campeiro and IPR Uirapuru, what can be verified by the reduction of leaf area and dry mass of the weed. On average, at a density of 110 plants m-2, the wild poinsettia reduces in approximately 32 % the leaf area and 50 % the dry mass of the bean plants.
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Resumo:
						                           
As plantas daninhas podem interferir no crescimento e desenvolvimento do feijoeiro, quando não manejadas de forma correta, com destaque para o leiteiro (Euphorbia heterophylla L.). Objetivou-se avaliar a habilidade competitiva de cultivares de feijão preto em convivência com leiteiro. O experimento foi conduzido em casa-de-vegetação, em delineamento inteiramente casualizado, com quatro repetições. Cada tratamento consistiu de uma planta de feijão das cultivares BRS Campeiro, IPR Uirapuru ou SCS Predileto, convivendo com 0, 1, 2, 3, 4 ou 5 plantas de leiteiro, correspondendo a populações de 0 plantas m-2, 22 plantas m-2, 44 plantas m-2, 66 plantas m-2, 88 plantas m-2 e 110 plantas m-2. Avaliaram-se o diâmetro de caule, área foliar, teor de clorofila, altura de planta e massa seca da parte aérea, nas plantas de feijão e leiteiro. As cultivares de feijão apresentaram comportamento diferenciado ao conviverem com populações distintas de leiteiro. A cultivar SCS Predileto apresentou maior habilidade competitiva ao leiteiro, em relação à BRS Campeiro e IPR Uirapuru, o que pode ser verificado pela redução na área foliar e massa seca da planta daninha. Em média, em uma densidade de 110 plantas m-2, o leiteiro reduz, aproximadamente, em 32 % a área foliar e em 50 % a massa seca do feijoeiro.
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Phaseolus vulgaris L, leiteiro, planta daninha.
                                








INTRODUCTION


The yield of the black bean crop in Brazil, during the 2016/2017 growing season, was 3.4 million tons, with a mean value of 1,069 kg ha-1 (Conab 2018). Despite the tradition and importance of the black bean cultivation, this yield is far below those obtained in experimental fields or fields in which advanced technologies are employed.

Among the reasons for the low yield of beans in Brazilian crops, the inefficient weed control stands out (Teixeira et al. 2009, Barroso et al. 2010). The negative effects of weed interference on beans are manifested in the quantity and quality of grains produced, due to the competition for resources in the environment (Carvalho et al. 2010, Machado et al. 2015).

Wild poinsettia (Euphorbia heterophylla L.) is one of the main weeds growing among crops, including beans, and is noted for its wide occurrence in cultivated areas, high competitive ability, high seed production (Kissmann & Groth 1999) and difficulty of control, when using herbicides (Vargas et al. 2013).

Knowledge on the competitive ability of bean cultivars, with respect to weeds, is a valuable tool for the development of management strategies. Several studies have reported a variation in this ability of cultivars in the presence of weeds, probably due to the particular morphological and physiological characteristics of each crop (Vidal et al. 2010, Kalsing & Vidal 2013, Agostinetto et al. 2013, Parreira et al. 2014). The competitive capacity of weeds also differs according to the species involved in the community. When using herbicides for management, protoporphyrinogen oxidase inhibitors and aceto lactate synthase must be applied carefully, because wild poinsettia has multiple resistance to their mechanisms of action (Trezzi et al. 2006).

According to Cury et al. (2011), Brachiaria plantaginea and Amaranthus spinosus plants showed a competitive ability higher than Euphorbia heterophylla. However, weeds often take a competitive advantage over crops grown under similar conditions (Galon & Agostinetto 2009, Agostinetto et al. 2013), and feature a differentiation according to the species, crop, cultivars and populations involved in the competition.

Studies assessing the competitive ability of crops are indispensable, because they combine a more efficient management practice with less environmental impact and lower production cost, and still contribute to prevent the emergence of weeds resistant to herbicides or those considered problematic, as is the case of wild poinsettia.

This study aimed to evaluate the competitive ability of black bean cultivars coexisting with the wild poinsettia weed.





MATERIAL AND METHODS


The experiment was conducted in a greenhouse at the Universidade Federal da Fronteira Sul, in Erechim, Rio Grande do Sul state, Brazil, in 2014. The experimental design was completely randomized, with four replications, testing three black bean cultivars and six plant densities of wild poinsettia. The experimental units consisted of plastic pots with a capacity of 8 dm (0.24 m diameter x 0.20 m in height) filled with Rhodic Hapludox (USDA 2014). The soil correction was carried out according to the technical recommendations for bean crops, and also taking into account the following results: pH (H2O) = 5.1; organic matter = 3.0 %; clay = > 60 %; P = 5.2 mg dm-3; K = 118 mg dm-3; Ca+2 = 5.5 cmolc dm-3; Mg+2 = 3.0 cmolc dm-3; Al+3 = 0.3 cmolc dm-3; H + Al = 7.7 cmolc dm-3; and CEC = 16.6 cmolc dm-3.

The treatments consisted of one black bean plant of the BRS Campeiro, IPR Uirapuru or SCS Predileto cultivars, in the center of each experimental unit (pot), coexisting with 0, 1, 2, 3, 4 or 5 wild poinsettia plants, corresponding to populations of 0 plants m-2, 22 plants m-2, 44 plants m-2, 66 plants m-2, 88 plants m-2 and 110 plants m-2, respectively (Radosevich et al. 2007). Wild poinsettia population densities were set to cover the probable growing densities that might arise in the fields and to simulate an equally spaced additive series. In the center of the experimental unit, three bean seeds were sown, while, on the outskirts of this unit, 10 seeds of the wild poinsettia biotype were seeded. At 10 days after emergence (DAE), the surplus seedlings were removed, leaving only the specified populations in each treatment.

At 50 DAE, the stem diameter, leaf area, chlorophyll, height and shoot dry mass of the crop plants and weeds were evaluated. The stem diameter was evaluated with a digital caliper, on a millimeter scale, by measuring the plants at the ground level. The leaf area was determined with a portable measuring device (IC-203 Bio Science), by quantifying the leaf area (cm² pot-1) of all plants in each treatment. The chlorophyll content was determined by using a portable chlorophyll meter (SPAD 502-Plus) and replication was obtained by averaging 15 observations of the wild poinsettia and bean plants in each experimental unit. The plant height was measured with a ruler, on a millimeter scale, from the ground base to the last leaf/expanded trifoliate. To quantify the shoot dry mass of the species, the plants were sectioned close to the ground, packed in paper bags and subjected to drying in an oven with forced air circulation at 65 ± 5 ºC, until the material reached a constant weight.

The data on the response variables of black bean and wild poinsettia plants were subjected to analysis of variance by the F test. When the treatment effects were significant, further analyses by linear regression for the quantitative factor (wild poinsettia plant populations) and by the Tukey test for the qualitative factor (bean cultivars) were performed. All tests were applied at a significance level of 5 %.





RESULTS AND DISCUSSION


Interaction occurred between the tested factors (bean cultivars x wild poinsettia populations) for all analyzed variables, except for the weed chlorophyll content. The results showed behavioural differences in the response variables depending on the coexistence of bean cultivars with wild poinsettia populations. For the variables leaf area and shoot dry mass of bean and wild poinsettia, a statistical significance (p < 0.05) was verified, when associating the three cultivars with the weed community. However, for the variables bean plant height and wild poinsettia stem diameter, a significant effect was only observed when the SCS Predileto cultivar participated in the association. For the other variables, there were no statistical significant differences in the tested data.

The wild poinsettia leaf area increased linearly as the number of plants competing with all the bean cultivars increased (Figure 1a). The increase in the wild poinsettia plant population (from 22 m-2 to 110 m-2) promoted a gain of 7.23, 4.86 and 3.69 times in the weed leaf area, respectively, when in coexistence with the BRS Campeiro, IPR Uirapuru and SCS Predileto cultivars (Figure 1a).
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Figure 1



Leaf area (cm2) of wild poinsettia (a) and bean (b), due to competition between the black bean cultivars and weed population















By studying the competitive effect of Jamaican crabgrass with rice and soybean, in a replacement series, Agostinetto et al. (2013) found that the interspecific competition caused more damage to the weed, and, as the proportion of weeds increased, the averages for leaf area and shoot dry mass also increased. In this sense, the cultivars responded differently when in competition with weeds: SCS Predileto showed a greater competitiveness, as, in its presence, reductions in the wild poinsettia leaf growth on the populations of 3, 4 and 5 weeds per pot occurred (Figure 1).

For the other populations and cultivars (BRS Campeiro and IPR Uirapuru) tested, wild poinsettia produced a greater leaf area. It may be noted that, in this situation, an interspecific competition occurred between the beans and the weed, while an intraspecific competition occurred between the wild poinsettia plants, when the species lived together in a community. This corroborates the study of Agostinetto et al. (2013), who evaluated rice and soybean competing with Jamaican crabgrass. Kalsing & Vidal (2013) also found that bean cultivars competing with alexandergrass behaved differently, and they related this fact to the intrinsic characteristics of the cultivars. Other authors reported differences among bean cultivars in competition with weeds. Barroso et al. (2010) and Parreira et al. (2014) attribute this to characteristics such as growth habit, development cycle and number of branches, which affect the competitive ability of the crop and cause differentiation among the cultivars involved in the competition with weeds.

This fact may be due to the characteristics of the cultivars, which present different development cycles, growth habits and nutritional requirements. Possibly, the high competitive capacity of the SCS Predileto cultivar was associated with its rapid growth and shading of the soil, preventing the passage of light and damaging the weed development.

For the leaf area of bean plants, there was less accumulation in all cultivars, when the population of wild poinsettia plants increased. There were reductions of 10.00 %, 7.21 % and 4.78 %, respectively for the BRS Campeiro, IPR Uirapuru and SCS Predileto cultivars, in the presence of only one weed (Figure 1b). The losses, when the absence of wild poinsettia plants was compared to the presence of five plants, were 50.03 %, 36.08 % and 23.94 %, respectively for BRS Campeiro, IPR Uirapuru and SCS Predileto. Carvalho & Christoffoleti (2008) evaluated the bean competition with different species of Amaranthus spp. and observed that the damage caused by weeds was more closely related to the occurrence of high populations than to the intrinsic competitive ability of the species. Comparing cultivars with each other, in each wild poinsettia population, the results showed, in general, that IPR Uirapuru and SCS Predileto were more competitive, i.e., they had higher leaf areas than the BRS Campeiro cultivar, in the presence of all wild poinsettia populations. Again, there was a differentiation between bean cultivars, when competing with wild poinsettia in this study, what has been explained earlier and also reported by other researchers (Barroso et al. 2010, Vidal et al. 2010, Kalsing & Vidal 2013, Parreira et al. 2014).

Increasing the wild poinsettia population density resulted in a shoot dry matter accumulation that was higher for weeds and lower for the three cultivars (Figure 2). In the event of one weed per pot infesting the crop, there was a higher dry matter accumulation for both the wild poinsettia and the SCS Predileto cultivar. However, at the maximum wild poinsettia density (5 plants pot-1), the values were reversed, since the wild poinsettia had a higher dry matter accumulation in the presence of IPR Uirapuru, intermediate dry matter accumulation in the presence of BRS Campeiro and less production in the presence of SCS Predileto. Regarding the crop shoot dry mass, there was no change, when the weed population increased.
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Figure 2



Shoot dry mass (g pot-1) of wild poinsettia (a) and bean (b), due to the competition of black bean cultivars and weed population















The results showed a gain in dry mass, when the wild poinsettia population increased up to five plants; however, less accumulation occurred in the presence of the SCS Predileto, as it allowed an increase of only 1.88 g in the dry weight, relatively to the coexistence with one plant. On the other hand, with the other cultivars (BRS Campeiro and IPR Uirapuru), the wild poinsettia dry mass increased by 4.20 g and 5.92 g, respectively (Figure 2a).

It is noteworthy that the accumulated dry mass of weeds is an important variable, in relation to the degree of interference imposed on the crop (Meschede et al. 2004), because the greater the weed mass, the more competitive the weed, relatively to the crop.

The bean cultivars responded differently, with respect to the dry mass variable, as the weed population increased from one to five plants (Figure 2b). IPR Uirapuru was the cultivar with the lowest accumulation (53.96 %), followed by the SCS Predileto (43.59 %) and BRS Campeiro (41.62 %). On average, reductions of 0.75 g, 0.94 g and 1.00 g of dry weight were observed for each additional wild poinsettia plant, respectively in coexistence with the BRS Campeiro, IPR Uirapuru and SCS Predileto.

A reduced bean dry mass accumulation was also observed by Cury et al. (2011), when beans competed with weeds.

The analysis of the results in Figure 2 showed that, in general, the IPR Uirapuru cultivar allowed, within each wild poinsettia population level, the largest gain in the weeds dry mass, in relation to the other bean cultivars, except for the population of two wild poinsettia plants per pot, where the SCS Predileto cultivar showed less competition than the other cultivars. When the wild poinsettia population increased from four to five plants, BRS Campeiro and SCS Predileto showed the greatest competitive ability against weeds (Figure 2b). This observation is of particular importance for field situations, because, if the bean crop can live with a greater number of wild poinsettia plants, the use of herbicides to manage this weed can be reduced or even eliminated, resulting in lower production costs and less environmental contamination with herbicides. Silva et al. (2006), studying the competition between bean and Brachiaria brizantha, showed a reduction of approximately 50 % in the accumulation of weed biomass, when compared with the weed monoculture.

The height of wild poinsettia plants was not changed by the coexistence at low population densities with the bean cultivars. However, in larger populations, BRS Campeiro showed an increase in this variable, when in competition with five wild poinsettia plants, differing from the other cultivars. This may be due to the lower competitiveness of the BRS Campeiro, if compared with the other cultivars. It is also hypothesized that the BRS Campeiro shades the wild poinsettia much more than the other cultivars, forcing the weed to seek light, what results in a socalled etiolated plant. This type of plant will invest a large amount of assimilates into growing stems and less into producing biomass, what is reflected on the reduced production of the wild poinsettia dry mass in the presence of the cultivar.

In general, the BRS Campeiro cultivar presented the highest plant height values, when in competition with the highest densities of wild poinsettia. In the absence of wild poinsettia plants, or when bean was cocultured with one weed, there was no differentiation (p > 0.05) among the BRS Campeiro, IPR Uirapuru and SCS Predileto cultivars, in terms of plant height. This shows that, regardless of the cultivar, the coexistence with low wild poinsettia densities will not affect the average crop height. The increasing height of bean plants is probably related to the search for light. According to Braz et al. (2010), the height of soybean plants at harvest is higher when the crop is developed under conditions of coexistence with weeds. Silva et al. (2009) points out that the higher the weed populations in competition with the crop, the higher is the plant height. Contrary to the findings of other researchers, Constantin et al. (2009) reported a negative effect on soybean plant height, when plants were in competition with a higher biomass of weeds.

There was a statistically significant (p < 0.05) decrease in stem diameter with the increasing density of wild poinsettia plants only when the weed competed with the SCS Predileto cultivar: a reduction of 38.1 % from one to five plants of wild poinsettia per pot. The evaluation of the wild poinsettia stem diameter in each population competing with bean plants indicated that a growing density of up to four plants per pot had a negative effect on the weed and, for this condition, the BRS Campeiro cultivar was more competitive than the others. The IPR Uirapuru cultivar caused minor damages to the weed at all the wild poinsettia population densities tested, except for two plants per pot. In the presence of this cultivar, wild poinsettia had the highest stem diameter. At densities greater than four plants per pot, there was no effect of the cultivar on the weed, showing that, at high population densities, the weed has a competitive advantage over the crop.

When the effects of wild poinsettia populations on the stem diamaters of beans were analyzed, there were no significant differences (p > 0.05) among the BRS Campeiro, IPR Uirapuru and SCS Predileto cultivars, which presented average stem diameters of 4.70 mm, 5.57 mm and 5.19 mm, respectively.

The chlorophyll contents of both the wild poinsettia plants and bean cultivars showed no relationship to the weed population density for any of the tested cultivars. Average values for chlorophyll of 44.97, 44.37 and 45.83 SPAD were observed for wild poinsettia in the presence of the BRS Campeiro, IPR Uirapuru and SCS Predileto cultivars, respectively, and the cultivars (in the same order) showed chlorophyll index values of 46.56, 38.81 and 41.96 SPAD, in the presence of different wild poinsettia population densities.

There was no significant effect on the chlorophyll content of wild poinsettia within each weed population, in the presence of BRS Campeiro, IPR Uirapuru and SCS Predileto. This leads to the conclusion that, even though there was competition between wild poinsettia plants for this variable, the bean cultivars had no effect on the weed. A decrease in the chlorophyll content of the crop, when in competition with weeds, has been observed by other researchers, such as Jakelaitis et al. (2005), who examined this effect on popcorn, and Amaral et al. (2015), who evaluated the influence on chickpea. This does not corroborate the results found in this study for the bean chlorophyll index in the presence of wild poinsettia.

The chlorophyll values measured by SPAD provide the intensity of the green color of leaves and have been used in the quantification of chlorophylls. This quantity may be related to the plant nutritional conditions, especially the nitrogen content. A high value of SPAD indicates a healthy and nutritionally balanced plant. Thus, this effect may be related to the values observed in crops competing for resources from the environment, when in competition with weeds. According to Baker & Rosenqvist (2004), the decrease in the leaf chlorophyll values is an indication of biotic or abiotic stresses that alter the CO2 absorption capacity, with physiological changes in the photosynthetic activity. Amaral et al. (2015), in a study assessing the competition between chickpea and Amaranthus viridis, Bidens pilosa, Raphanus raphanistrum, Cyperus rotundus, Digitaria nuda and Eleusine indica, indicated changes in the chlorophyll content of the crop. They attributed this to the competition exerted by weeds, especially regarding the availability of nutrients that could have influenced the chlorophyll values, particularly nitrogen. It should be noted that the coexistence between different plants in the same environment causes some stressful relationships, such as competition for resources essential to the plant growth and development (Zimdahl 2004).

Taken together, the results of this study indicate an interference of wild poinsettia on bean cultivars, and the level of competition varies between cultivars and weed population densities in this association. At high population densities, wild poinsettia caused the greatest damage to all evaluated bean cultivars, with reduced values of most the variables.





CONCLUSIONS





	1. 
						There is a competitive interaction between black bean cultivars (BRS Campeiro, IPR Uirapuru and SCS Predileto) and varying populations of Euphorbia heterophylla (up to 110 plants m-2 of this weed);

	2. 
						In general, the SCS Predileto cultivar shows a greater competitive ability against wild poinsettia than BRS Campeiro and IPR Uirapuru, due to the higher reduction in the weed leaf area and shoot dry mass;

	3. 
						On average, at a density of 110 plants m-2, the weed reduces in approximately 32 % the leaf area and 50 % the dry mass of the bean plants in the tested cultivars.
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