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Abstract 
Among the factors which affect crop productivity, there are weeds which compete for environment resources. 
The objective of this work was to determine the periods of interference of alexandergrass on the 
morphophysiology and productivity components of black beans. The experiment was conducted in a complete 
randomized block design with four replications. The bean cultivar of the black type used was IPR Uirapuru, 
being the treatments separated in two models of interference: in the coexistence group, the crop of the bean lived 
with the alexandergrass by growing periods of 0, 7, 14, 21, 28, 35, 42 and throughout the cycledays after 
emergence and throughout the cycle; in the control group the crop was kept free of the infestation for the same 
periods described previously. At 42 DAE were evaluated the variables related to plant morphology and 
physiology (height of bean plants, number of trifoliate leaves, dry mass plant, number of grains pods, number od 
pods plants, stomatal conductance, internal CO2 concentration, photosynthetic activity, efficiency of 
carboxylation, efficient use of water, transpiration rate). Considering the results, it is possible to conclude that 
the critical period of interference prevention (CPIP) comprises 24 to 50 DAE, the period before the interference 
(PBI) was 24 DAE and the total period of interference prevention (TPIP) was 50 days and that the morphological 
and physiological variables of the plants were negatively affected in the coexistence with the alexandergrass 
when compared to the treatments kept free of weeds throughout the crop cycle.  
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1. Introduction 
Beans (Phaseolus vulgaris L.) are considered one of the main foods present in the table of the Brazilian 
population, presenting great cultural importance and source of nutrients such as iron, proteins and carbohydrates 
(CONAB, 2018). Brazil is the 3rd largest producer of beans in the world, behind Myanmar and India. In the 
16/17 crop the bean crop occupied about 3.2 million hectares, reaching average productivity of 1,069 kg/ha 
(CONAB, 2018). 

Among the factors responsible for the low yields of bean grains in Brazil, the interference caused by weeds 
stands out. Weeds compete with the crop by environment resources like; water, nutrients and light, release 
allelopathic substances and still serve as hosts of many insects and diseases that can affect the yield also the 
quality of harvested grains (Barroso et al., 2010; Balbinot et al., 2016).  

Competition is the most important factor in terms of interference, it varies according to the botanical 
composition of the environment and occurs in both natural communities and agroecosystems, and can be 
influenced by spacing, edaphoclimatic conditions, type of management adopted, abundance and distribution of 
weeds, among others (Xiao-Yan et al., 2015).  

It is noteworthy that plants with C4 metabolism are more competitive than C3 plants (Taiz et al., 2017). This 
occurs because C4 plants exhibit higher activity at higher temperatures and saturation does not occur due to 
excess light, whereas C3 plants saturate to a lower level of luminosity and when at high temperatures they stop 
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the photosynthetic activity and start the photorespiration. Another characteristic that confers the C4 plants 
present greater competitiveness is related to these have better efficiency in the use of water, with this the plant 
transpires less, allowing greater accumulation of biomass per mole of absorbed water (Ferreira et al., 2011).  

The alexandergrass (Urochloa plantaginea) is commonly found in the southern, southeastern and midwestern 
regions of Brazil (Vidal et al., 2010), being an annual grass belonging to the family Poaceae, with metabolism 
C4, characterized by the aggressiveness when it competes with crops (Gallo et al., 2008). Showing a high 
efficiency in the exploitation of the resources of the environment (Galon et al., 2008). In high populations, 
alexandergrass competition may decrease soybean yield by up to 50% (Fleck et al., 2002; Silva et al., 2009b) and 
up to 100% maize (Galon et al., 2008). 

Due to its high tillering capacity, alexandergrass predominates over the crop, forming a vigorous canopy, making 
it difficult to pass light to the leaves of the middle and lower third of the crop (Fleck et al., 2002). With this, the 
plants tend to steer towards the light (Taiz et al., 2017), influencing the height of the plants (Lacerda et al., 
2010).  

The stress caused by weeds on the crops can generate irreversible damages, compromising the development of 
the reproductive structures and consequently affect the components of grain yield (Silva et al., 2008). Lamego et 
al. (2004) observed a decrease in the number of pods when the soybean crop was submitted to competition.  

The alexandergrass adversely affected the stature of maize plants, the height of insertion of the first ear, length of 
ears, number of rows per ear, number of grains per row, total grain per ear and grain yield of corn, when culture 
was infested by weed (Galon et al., 2008). In the cowpea crop, in competition with different weed species, 
Freitas et al. (2009) observed a productive reduction of 90%, besides the reduction in the final stand of the crop 
and reduction in the number of pods per plant. 

Weed interference in crops comprises three specific periods: the period before the interference (PBI) that occurs 
after the emergence of the crop and cohabits with a weed population with no loss of productivity, the total period 
of interference prevention (TPIP), occurs from sowing, in which the crop must be weed free, without grain 
growth, development and productivity being affected and the critical period of interference prevention (CPIP) 
that corresponds to the difference between the PBI and the TPIP that occurs when the competition is really high 
and it becomes necessary the management of the weeds (Galon et al., 2008; Agostinetto et al., 2008). 

The objective of this work was to determine the periods of interference of alexandergrass on the 
morphophysiology and productivity components of black beans. 

2. Method 
The experiment was carried out in the field agricultural season of 2017/18, in the experimental area of the 
Federal University of Fronteira Sul (UFFS), Câmpus Erechim/RS, under no-tillage system, in soil classified as 
typical Red Latosol (Embrapa, 2013).  

The experimental design was a complete randomized block design, with four replications. The experimental 
units were composed of 3 m wide plots (6 rows spaced 0.50 m) by 5 m long (15 m2). In this experiment, the 
black bean cultivar IPR Uirapuru was used, using a mechanical seeder, in the average density of 24 plants m-2. 
Correction of soil fertility and other management and cultivation were carried out according to the technical 
recommendations for bean culture (Rolas, 2004). For the desiccation of the vegetation present in the 
experimental area, the herbicide glyphosate was used at the dose of 1.080 L ha-1 of active ingredient.  

Population surveys of the experimental area were carried out to determine the average populations of 
alexandergrass, a species that comes from the soil seed bank, obtaining an average population of 180 plants/m². 
The other weeds that settled in the area were eliminated from the plots by weeding. 

The treatments were separated into two models of interference: in the first, the bean culture lived with the 
alexandergrass for increasing periods of 0, 7, 14, 21, 28, 35 and 42 days after emergence (DAE) and throughout 
the cycle; being called the coexistence group, and in the second, the culture was kept free of the infestation for 
the same periods described previously, called control.  

Was determined at 42 DAE variables related to the physiology of plants, such as photosynthesis activity (A-µmol 
m-2 s-1), internal CO2 concentration (Ci-µmol mol-1), transpiration rate (E-mol H2O m-2 s-1) and stomatal 
conductance (Gs-mol m-1 s-1) measured in the middle third of the plants. The efficacy of the carboxylation 
(EC-mol CO2 m

-2 s-1) and water use efficiency (UEA-mol CO2 mol H2O
-1) were calculated from the A/Ci and 

A/E ratio respectively. For the determination of the physiological variables, an infrared gas analyzer (IRGA) 
(ADC, model LCA PRO, Analytical Development Co. Ltd, Hoddesdon, UK) was used, each block being 
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evaluated in one day, between eight and ten o'clock in the morning, so that if the environmental conditions were 
homogeneous during the analyzes.  

The morphological variables of the black beans were evaluated at 42 DAE: height of plants, with a ruler 
graduated in centimeters, from the base of the plant to the apical meristem; number of trifoliate leaves per plant 
per counts; and dry mass per plant, and the plants were collected close to the soil and packed in paper bags, 
placed for drying in an oven with forced circulation of air, at a temperature of 60±5 ºC, until the meterial reaches 
a constant mass to be measured the dry mass of the aerial part.  

In the pre-harvesting of the beans, the number of pods per plant was determined by counting the pods in five 
plants randomly collected within the experimental unit, using the same plants, were determining the number of 
grains per pod. In the harvesting of the crop was determined the productivity of the beans, when it reached 18% 
moisture was collected manually, in an area of 3 × 1 m. Eight samples of 100 grains were counted each for the 
measurement of the mass of one thousand grains (g). The grain moisture was determined and the values were 
corrected to 13% for both grain yield and 1000 grain weight. After correction of moisture to 13% the weight was 
extrapolated to kg ha-1.  

The results were submitted to analysis of variance by the F test, and being these significant, we determined the 
period before the interference (PBI), critical period of interference prevention (CPIP), and the total period of 
interference prevention (TPIP) of the alexandergrass over the black bean culture. 

For the determination of the periods of interference, the grain yield variable (kg ha-1) of the crop was used. For 
the other variables, the Tukey test was applied to evaluate the effects of the cohabitation and control periods of 
the alexandergrass on the bean and the T test to compare the coexistence and the control within each evaluated 
period. All tests were performed at p ≤ 0.05. 

Productivity data, standardized to 13% dry basis moisture and expressed in kg ha-1, were submitted to regression 
analysis using the nonlinear regression model. This model obeys the following logistic equation: 

                            (1) 

where, Y = grain yield, x = number of days after emergence of the bean crop; a = maximum value of the curve; 
and b = slope of the curve; and xo = value of x at the midpoint of the sigmoid curve. Based on the regression 
equations, the periods of alexandergrass interference on the bean crop were determined, subtracting 5% of the 
estimated maximum productivity in the regression equations in relation to the treatment maintained in the 
absence of infestation, considered as the cost of adoption chemical control (Cousens, 1985).  

3. Results and Discussion 
The height of black bean plants in the coexistence period from 0 to 21 DAE did not differ statistically, the same 
occurred for the 28 and 42 DAE intervals (Table 1). In the control group of the alexandergrass, no differences 
between treatments were observed, except for 0 and 35 DAE. There was no significant difference when 
comparing the two coexistence and control groups among themselves in each period evaluated. The reduced 
height growth of the bean plants may be a consequence of the weed population increase, which increases both 
inter- and intra-specific competition. It is emphasized that the longer a weed species coexists with the crop, the 
greater the damage to the growth and development of the plants involved in the community (Galon et al., 2008; 
Silva et al., 2009a).  

When analyzing the number of trifoliate leaves per plant of the bean, it was observed that there was negative 
interference of the alexandergrass with reduction of the variable, mainly when the culture coexisted at the 
beginning of the development or at 42 DAE (Table 1). As for the control, the later the weeding of the area, more 
negative the effects on the number of trifoliate leaves. When comparing the coexistence and control periods 
between them, it was observed that the coexistence negatively affected the beans when the weeds were effected 
at 21 DAE and for the control at 14 DAE. The weed interferes negatively in the development of the bean crop 
(Manabe et al., 2015), and U. plantaginea presents high competitive ability, causing considerable losses on the 
crops that infest (Galon et al., 2008).  

The plant-1 dry mass did not present a significant difference between the treatments for the coexistence period, in 
the control, there was a lower accumulation of the variable at 35 DAE when differing from periods 0, 7 and 14 
DAE (Table 1). At 0 and 14 DAE the coexistence of the beans with the alexandergrass negatively affected the 
dry mass of the crop plants, when comparing these periods with the control. These results may be related to the 
increase in the competitive capacity of the alexandergrass plants, because as the weed community increases in 
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the accumulation of dry mass there is reduction of the dry mass of the crop, as also verified by Scholten et al., 
(2011).  

 

Table 1. Effect of cohabitation or control periods of Urochloa plantaginea (alexandergrass) on height (cm), 
number of trifoliate leaves and dry mass of black bean plants IPR Uirapuru cultivar. UFFS, Erechim/RS, 2017/18 

Period in DAE 
Height of bean plants (cm) Number of trifoliate leaves Dry mass plant-1 (g) 

Coexistence Control Coexistence Control Coexistence Control 

0 44.65 abA1 45.77 aA 11.00 dA1 14.90 abA 5.18 aB1 6.99 aA 

7 44.30 abA 42.75 abA 12.00 dA 12.50 bcA 5.93 aA 6.68 aA 

14 47.35 aA 42.10 abA 14.12 bA 12.10 bcB 4.16 aB 6.41 aA 

21 44.55 abA 42.15 abA 13.70 bcB 15.80 aA 6.54 aA 5.73 abA 

28 42.20 bcA 41.35 abA 16.90 aA 14.60 aA 6.30 aA 5.09 abA 

35 39.10 cA 38.65 bA 12.32 cdA 10.65 cA 3.10 aA 3.71 bA 

42 42.45 bcA 43.00 abA 8.12 eA 9.80 cA 3.58 aA 4.59 abA 

General average 43.51 42.25 12.96 12.92 4.97 5.60 

CV (%) 4.67 6.40 5.15 9.38 37.44 19.28 

Note. 1Averages followed by the same lowercase letter in the column and upper case in the line do not 
differentiate by the Tukey test and T (p ≤ 0.05), respectively. 

 

The number of bean grains pod-1 was higher when the control of the alexandergrass was carried out up to 35 
DAE, contrary to the observed in the coexistence group in which the management performed at 0, 7 and 14 DAE 
presented lower number of grains pod-1 when compared to the later controls (Table 2). When comparing the 
periods with each other, it was observed that the control at 0 and 7 showed lower number of grains per pod when 
compared to the control group (Table 2). On the other hand, the control performed at the 42 DAE showed the 
lowest production of the number of grains pods-1 in relation to the coexistence evaluated at the same time.  

The results referring to the mass of a thousand grains show that in the control period there were no significant 
differences between the evaluated treatments (Table 2). The coexistence of the beans with the alexandergrass at 7 
DAE presented the lowest mass of a thousand grains when comparing with the other treatments and also in 
relation to the control period, since this time differed statistically with lower production. Similar data were 
observed by Barroso et al. (2010), when they verified that the mass of a thousand grains of the bean was reduced 
when in competition with Amaranthus and hairy beggarticks. 

The results show no differences for the number of plant-1 pods for the control of alexandergrass in all the 
weeding periods (Table 2). In the group of treatments related to coexistence, there was a reduction in the number 
of plant-1 pods when the crop coexisted with the alexandergrass in the initial phase. Possibly this is related to a 
new reflux of weeds in the area after the weeding, from 0 to 14 DAE. When comparing the group living with the 
control, the influence of the competition was more clearly denoted, especially when the alexandergrass lived at 0 
and 7 DAE with a lower number of plant-1 pods, a fact that can be related to the lower emission of inflorescences 
and also to the abortion of these (Freitas et al., 2009). 

In general, the weeding at 0 and 7 DAE showed lower number of grains per pods, number of pods, and weight of 
one thousand grains for the periods of cohabitation of the alexandergrass and beans (Table 2). The coexistence of 
the beans with the alexandergrass in these same two periods (0 and 7 DAE) showed lower production of number 
of grains per pods, number of pods per plant and mass of a thousand grains when compared with the control. In 
this way, it can be seen that the management of the alexandergrass in beans needs to be carried out at the 
beginning of the development of the crop, because if not controlled, it will exert a negative influence on the bean 
yield compendents (number of beans per pods, number of pods plant and mass of one thousand grains), which 
consequently will reflect in the decrease of grain yield. These data corroborate with those found by Stagnari et al. 
(2011) observed a reduction in some grain components of the bean, according to the increase of the population of 
weeds weeds of the culture. 
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Table 2. Effect of cohabitation or control periods of Urochloa plantaginea (alexandergrass) on the number of 
grains pods-1, mass of one thousand grains (g) and number of pods per black bean plant, IPR Uirapuru cultivar. 
UFFS, Erechim/RS, 2017/18 

Period in DAE 
Number of grains pods-1 Thousand grains mass (g) Number od pods plants-1 

Coexistence Control Coexistence Control Coexistence Control 

0 4.50 abB1 5.60 abA 180.01 abA 200.50 aA 3.75 bB 14.00 aA 

7 3.76 bB 5.52 abA 169.72 bB 211.53 aA 3.40 bB 15.95 aA 

14 4.71 abA 5.97 aA 197.25 abA 208.89 aA 7.60 abA 13.20 aA 

21 5.24 aA 5.57 abA 197.36 abA 197.30 aA 12.30 aA 13.00 aA 

28 5.37 aA 5.42 abA 192.98 abA 215.94 aA 11.05 aA 13.40 aA 

35 5.25 aA 5.32 abA 209.07 aA 205.60 aA 9.85 aA 11.65 aA 

42 5.63 aA 4.60 bB 201.41 abA 187.09 aA 10.70 aA 10.30 aA 

General average 4.92 5.43 192.54 203.84 8.37 13.07 

C.V (%) 11.41 9.93 7.17 6.52 27.10 23.47 

Note. 1 Averages followed by the same lowercase letter in the column and upper case in the line do not 
differentiate by the Tukey test and T (p ≤ 0.05), respectively. 

 

When analyzing the stomatal conductance of the bean living with the alexandergrass, treatments 0 and 14 DAE 
showed significant differences when compared to each other, however, they were equal to the other treatments 
(Table 3). For the control, in this same variable did not occur differentiation between the different periods tested. 
At 35 DAE, the difference between the coexistence and control periods was observed, being less conductance in 
the coexistence with the alexandergrass than in the control. The reduction in stomatal conductance is closely 
linked to the characteristics of the cultivar and the environmental conditions to which they are subjected (Costa 
et al., 2007). The reduction in stomatal conductance occurred with black bean plants in competition with hairy 
beggarticks (Manebe et al., 2014), as well as in cowpea plants under stress conditions (Nascimento et al., 2011). 

 

Table 3. Effect of cohabitation or control periods of Urochloa plantaginea (alexandergrass) on stomatal 
conductance (Gs-mol m-1 s-1), internal CO2 concentration (Ci-µmol mol-1) and photosynthetic activity (A-µmol 
mol-1) of black beans, IPR Uirapuru cultivar. UFFS, Erechim/RS, 2017/18  

Period in DAE 
Stomatal Conductance (Gs) Internal CO2 concentration (Ci) Photosynthetic activity (A)

Coexistence Control Coexistence Control Coexistence Control 

0 1.31 aA1 0.65 aA 255.00 aA 295.66 aA 19.90 aA1 15.80 aA 

7 1.07 abA 0.62 aA 281.62 aA 295.66 aA 20.00 aA 15.24 aA 

14 0.71 bA 0.63 aA 285.87 aA 257.83 aA 19.27 aA 20.27 aA 

21 0.82 abA 1.02 aA 291.75 aA 277.83 aA 19.63 aA 17.76 aA 

28 0.94 abA 1.02 aA 278.50 aA 296.66 aA 20.62 aA 20.33 aA 

35 0.81 abB 0.93 aA 277.31 aA 305.83 aA 21.57 aA 20.46 aA 

42 1.06 abA 0.92 aA 277.33 aA 296.33 aA 23.37 aA 17.94 aA 

General average 0.96 0.83 278.19 298.40 20.62 18.26 

CV (%) 23.79 22.21 14.38 9.80 27.45 25.95 

Note. 1 Averages followed by the same lowercase letter in the column and upper case in the line do not 
differentiate by the Tukey test and T (p ≤ 0.05), respectively. 

 

The results show for the variables related to the physiology of bean plants, internal CO2 concentration, 
photosynthetic activity (Table 3) and the transpiration rate (Table 4) that there was no statistically significant 
difference between the treatments, both for coexistence and for the control or even in the comparison of each 
period in the comparison between coexistence and control. Similar results were found by Ferraz et al. (2001) 
evaluated the gas exchange of different common bean in the semi-arid and by Matos et al. (2013) when studying 
the effect of competition of M. aterrima, U. plantaginea and U. decumbens on the coffee crop. Different from 
that found by Manebe et al. (2014) in which hairy beggarticks interference negatively influenced the 
physiological characteristics: CO2 consumption, transpiration rate and mainly photosynthetic activity.  
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In Table 4, for the carboxylation efficiency, it was observed that the weeding at 14 and 35 DAE in the 
coexistence group differed from each other, but were the same as the other treatments. For the control group, 
there were no significant differences between the evaluated periods. At 35 and 42 DAE, it was observed that 
alexandergrass control, when compared to coexistence, negatively affected the carboxylation efficiency of the 
bean. Manabe et al. (2014) found results similar to the present study when the common bean competed with 
weeds, it can still be said that the reduction in the carboxylation efficiency is directly linked to the reduction of 
the internal concentration of CO2 and reduction of its assimilation rates (Ferraz et al., 2012). 

In water efficiency, which consists of the amount of CO2 set for biomass production, as a function of the amount 
of water transpired (Ferreira et al., 2011), it is possible to denote that the coexistence of the beans with the 
alexandergrass of the 0 to 42 DAE did not significantly alter it (Table 4). In the control group, it was observed 
that the weeding of the alexandergrass only at 0 DAE was not enough for the beans to express better efficiency 
in water use when comparing with the other treatments. When comparing the coexistence and the control 
between them, it was noted that the efficiency of water use was lower for the control performed at 0 and 42 
DAE.  

 

Table 4. Effect of cohabitation or control periods of Urochloa plantaginea (alexandergrass) on the efficiency of 
carboxylation (EC-mol CO2 m-2 s-1), efficient use of water (EUA-mol CO2 mol H2O

-1) and transpiration rate 
(E-mol H2O m -1 s -1) of the black beans, IPR Uirapuru cultivar. UFFS, Erechim/RS, 2017/18 

Period in DAE 
Efficiency of carboxylation (EC) Efficient use of water (EUA) Transpiration rate (E) 

Coexistence Control Coexistence Control Coexistence Control 

0 0.07 abA1 0.06 aA 2.04 aA 1.16 bB 9.83 aA 9.94 aA 

7 0.07 abA 0.05 aA 2.16 aA 1.90 abA 9.73 aA 8.62 aA 

14 0.06 bA 0.07 aA 1.95 aA 2.02 aA 9.90 aA 10.02 aA 

21 0.07 abA 0.06 aA 2.19 aA 1.75 abA 9.45 aA 10.53 aA 

28 0.07 abA 0.06 aA 2.11 aA 2.05 aA 9.55 aA 9.89 aA 

35 0.12 aA 0.06 aB 3.27 aA 2.23 aA 8.95 aA 9.67 aA 

42 0.10 abA 0.06 aB 2.69 aA 1.93 abB 10.12 aA 9.30 aA 

General average 0.08 0.06 2.34 1.86 9.65 9.71 

CV (%) 26.64 29.14 25.20 18.69 11.89 18.34 

Note. 1 Averages followed by the same lowercase letter in the column and upper case in the line do not 
differentiate by the Tukey test and T (p ≤ 0.05), respectively. 

 

Figure 1 shows the yield curves of the black bean as a function of the coexistence or control of the weeds. It is 
observed that the coexistence with the alexandergrass began to affect the bean crop 24 days after the emergency 
(DAE), thus observing the need of the control of the alexandergrass until the 50 DAE. The interval between 24 
and 50 DAE corresponds to the critical period of interference prevention (CPIP) in the Upper Uruguay Region of 
Rio Grande do Sul. While the period prior to 24 DAE is characterized as the period before interference (PBI), in 
which, the weed can coexist with the crop without reducing grain yield. It is noticed that at the end of the PBI 
would be the recommended period for the first control of the weeds, in this case the papuan. The total period of 
interference prevention (TPIP) was 50 days, and the weeds that emerged after this period did not affect the final 
yield of the crop or would have caused the maximum possible damage.  

In crops where chemical weed control is adopted, herbicides applied in pre-emergence should have a residual 
effect that includes 50 DAE or so-called TPIP, since the plants that emerge after this phase did not significantly 
reduce crop productivity. In crops that are applied post-emergence herbicides or performed mechanical control of 
the alexandergrass, these operations must start at 24 DAE and end at 50 DAE at CPIP.  
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