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After the introduction of Roundup Ready® technology, there were changes in community composition 
of weeds in the Southwest of Goiás. In this sense, this study aimed at evaluating weed distribution in 
different cropping systems in this region. Thus, phytosociological survey was conducted in three 
different periods. Studies were conducted on thirty-five areas derived from combined soybean crops 
resistant to glyphosate and conventional soybean, maize, sorghum, millet or fallow in succession. The 
number of individuals of weeds, dry biomass of soil surface and edaphoclimatic data was obtained in 
order to describe the variables responses of floristic composition. The factors associated to the total 
occurrence of species were evaluated and five species difficult to control (Cenchrus echinatus, 
Alternanthera tenella, Chamaesyce hirta, Euphorbia heterophylla e Glycine max) in regression analysis 
on tree were selected. A total of 3,219 individuals among 79 species were recorded. Regarding total 
occurrence of species period desiccation of main crop pre-planting (44.80 pl. 5 m

2
) and on sites that 

showed pH> 5,37 (51.20 pl. 5 m
2
) had higher infestations. Voluntary soybean was found in off-season, 

preferably with high sand content. Species of hard control, tolerant or resistant to herbicides were 
diagnosed in areas study. 
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INTRODUCTION 
 
In Brazil, the cultivation of genetically modified soybean 
for glyphosate resistance significantly changes the 
chemical control mechanisms and management in more 
than 25 million of hectares. This fact associated to the 
second crop cultivation is the main change  diagnosed  in 

Brazilian agricultural systems focused on grain 
production. These changes have influenced over the 
years on floristic composition and dynamics of weed 
communities in different rotation/succession systems of 
cultures (Balbinot Jr and Veiga, 2014). 
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Herbicides are the main selection factors of 
spontaneous plants. In sites where for several years 
herbicides recommended for the cultivation of 
conventional soybeans were applied, as imazethapyr, 
chlorimuron-ethyl, fomesafen, lactofen, haloxyfop-methyl, 
fluazifop-p-butyl, clethodim, among others, received only 
glyphosate applications during soybean cycle. This 
substitution of herbicides has been promoting a change 
in weed community of agricultural areas. However, this 
change has not yet been quantified and scientifically 
qualified in the different Brazilian regions. 

In American agriculture, tillage system and intensive 
glyphosate use in areas of transgenic crops significantly 
influence composition and weed populations (Swanton et 
al., 1993; Shaner, 2000). Besides the use in post- 
emergency in crops with induced resistance, glyphosate 
is widely used in desiccation operations in pre-planting. 

In addition to the use of Roundup Ready
® 

technology, 

another factors such as local conditions: type of soil, 
climate, cropping practices, seed bank and more recently 
the occurrence of tolerant weeds and or resistant to 
herbicide application, are also associated to occurrence 
of spontaneous plants in agricultural ecosystems 
(Adegas et al., 2010). Researchers found that in no-
tillage system, some invasive species such as 
Spermacoce latifolia, Synedrellopsis grisebachii, 
Commelina benghalensis and Tridax procumbens have 
been selected due to successive applications of 
glyphosate in cerrado agricultural areas (Procópio et al., 
2007). Other weed species were also reported to be 
tolerant to herbicides, detaching: Ambrosia artemisiifolia 
(Kapusta et al., 1994), Sesbastiania exaltata, Ipomoea 
spp. (Jordan et al., 1997; Lich et al., 1997). 

In view of these findings, the glyphosate efficiency, 
which is herbicide of broad spectrum action mainly used 
in soybean crop under no-tillage system, in less than a 
decade of use, is threatened by species occurrence of 
tolerant and resistant weeds (Webster and Sosnoskie, 
2010). 

In the southwest region of Goiás, areas that were 
intended for conventional soybean cultivation, adopted 
no-tillage system with cultivation of two annual harvests. 
Soybean is cultivated at the beginning of rainy season 
and maize, millet and sorghum in the second season (off-
season). Changes in chemical control mechanisms and 
management, promoted by the cultivation of genetically 
modified soybean and second harvest crops for 
production of grain and dry biomass of soil surface, 
associated to edaphoclimatic conditions have influenced 
floristic composition and weed establishment in this 
region. 

Considering this set of factors, this study aimed at 
evaluating floristic composition and structure of weed 
community in different soybean production systems in the 
Southwest region of Goiás, as well to determine the 
factors associated to species occurrence considered 
difficult to control,  recorded  in  the  Southwest  region  of  

Santos et al.          5179 
 
 
 
Goiás. 
 
 

MATERIALS AND METHODS 
 
Studies were conducted in the Southwest of Goiás, in agricultural 
areas of Rio Verde, Santa Helena de Goiás, Montividiu and Santo 
Antonio da Barra municipalities, in the crop year of 2012/2013, from 
June 2012 to July 2013. Regarding Köppen and Gêiser 
classification, sites have AW climate: with average temperatures 
from 23.0 to 24.3 °C and average annual rainfall from 1,510 to 
1,663 mm, with the highest concentration in the summer. Winter is 
dry with mild temperatures and absence of rain between May and 
September. Soils are Red Latosol Distroferric and Red Latosol 
Dystrophic types (Santos et al., 2011). 

The phytosociological survey was conducted in seven production 
systems (treatments) with five replications in different properties, 
which had at least three consecutive years of deployment, totaling 
thirty-five agricultural areas (Table 1). In these properties, the 
cultivation of modified soybean for resistance to glyphosate (RR 
Soybean) and conventional soybeans in crop, with successions of 
maize, sorghum and millet or fallow in off-season is predominant. 

Soil samples were collected in plots of twenty hectares at a depth 
of 0 or 10 cm, prior to correction activities for summer yield 
deployment. Twelve single samples to obtain a complete sample 
were taken. Soil fertility data were used in occurrence correlation of 
weed species (Table 2). 

The field survey was conducted in three evaluation periods: 
before desiccation for soybean crop deployment; prior to the first 
herbicides application on post-emergence in soybean crop at 
twenty days after sowing; prior to the first herbicides application on 
post-emergence in soybean crop at twenty days after off-season 
crop deployment, or in fallow area. Weeds were inventoried from 
the random release of hollow frames (0.5 x 0.5 m) in sample areas 
and phytosociological analysis based on Braun-Blanquet 
methodology (1979). 

Considering the three seasons of field survey, twenty sampling 
units in each of five replications were standardized (5 m2 per period 
or 15 m2 total), totaling 100 units per treatment (25 m2 per period or 
75 m2 total) and 700 sampling units in each survey stage (175 m2 
per period or 525 m2 total) in 2,100 sampled hollow squares (Table 
3). 

Weeds present in squares were cut close to the soil and 
transferred to laboratory for identification and accounting of 
individual number per species. After botanical identification, it was 
placed in paper bags to determine the shoot dry biomass, by drying 
in forced ventilation at 65°C for 72 h and weighted on precision 
scale. 

During phytosociological survey, straw samples of soil surface in 
hollow square delimitations on each sample unit were collected. 
Material was placed in cloth bags and dried in air forced ventilation 
for 72 h at 65°C for determination soil surface dry weight and 
estimative in tonnes per hectare. The obtained data of the number 
of individuals per species, shoot dry biomass of weeds and straw 
dry biomass of soil surface were used in species occurrence 
analyses according to variables responses of floristic composition. 

Field data were processed from the PC-ORD 6.1 Software 
(McCune and Mefford, 2011). It was created a multivariate matrix 
for each variable responses descriptors of total floristic composition 
of the study. The multivariate analyses of tree regression was 
(multivariate regression tree model) (De'Ath, 2002) was used to 
model the variable responses depending on type of soybean factors 
(RR and conventional), crop succession, and edaphoclimatic 
covariates.  

This analysis was performed to describe what combination of 
factors and its respective levels were associated to changes in 
response variable,  as well relative importance of each one of these  
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Table 1. Properties localization of weed survey on agricultural region of Goiás Southwest. RR soybeans (glyphosate-tolerant 
soybeans) CV soybeans (conventional soybeans). 
 

Treatments 

Areas 

Localization 
Height 

(m) 
Municipalities/Goiás 

N°. Soybeans/summer 
Late 

harvest 
Coordinates UTM (Universal 

Transversa de Mercator) 

1 RR Soybean Maize 1 22 k 482613.93/8100304.26 862 Montividiu 

1 RR Soybean Maize 2 22 k 540809.09/8008785.91 639 Rio Verde 

1 RR Soybean Maize 3 22 k 524462.03/8019154.20 635 Rio Verde 

1 RR Soybean Maize 4 22 k 560434.78/8044516.10 557 Santa Helena 

1 RR Soybean Maize 5 22 k 528012.52/8021719.00 627 Rio Verde 

2 RR Soybean Millet 2 22 k 503225.37/8077848.74 828 Rio Verde 

2 RR Soybean Millet 3 22 k 505769.78/8079871.48 799 Montividiu 

2 RR Soybean Millet 4 22 k 506350.89/8079876.84 768 Montividiu 

2 RR Soybean Millet 5 22 k 524439.59/8016860.74 626 Rio Verde 

2 RR Soybean Millet 1 22 k 482278.90/8083495.89 874 Montividiu 

3 RR Soybean Sorghum 1 22 k 532499.20/8030623.97 685 Santa Helena 

3 RR Soybean Sorghum 2 22 k 525340.12/8020605.52 629 Rio Verde 

3 RR Soybean Sorghum 3 22 k 480231.77/8099772.54 847 Montividiu 

3 RR Soybean Sorghum 4 22 k 503766.73/8078668.74 792 Montividiu 

3 RR Soybean Sorghum 5 22 k 560464.02/8042437.67 530 Santa Helena 

4 RR Soybean Fallow 1 22 k 502135.51/8079836.23 756 Rio Verde 

4 RR Soybean Fallow 2 22 k 503231.39/8080329.71 768 Rio Verde 

4 RR Soybean Fallow 3 22 k 481486.73/8099463.40 858 Montividiu 

4 RR Soybean Fallow 4 22 k 480977.40/8099669.14 863 Montividiu 

4 RR Soybean Fallow 5 22 k 506231.98/8044023.95 832 Rio Verde 

5 CV Soybean Maize 1 22 k 500502.47/8079165.26 753 Montividiu 

5 CV Soybean Maize 2 22 k 500701.46/8079859.67 750 Montividiu 

5 CV Soybean Maize 3 22 k 526129.0/8018108.76 666 Rio Verde 

5 CV Soybean Maize 4 22 k 525957.64/8018272.84 660 Rio Verde 

5 CV Soybean Maize 5 22 k 518887.66/8019237.99 650 Rio Verde 

6 CV Soybean Millet 1 22 k 525933.31/8018614.52 654 Rio Verde 

6 CV Soybean Millet 2 22 k 526285.71/8018965.53 653 Rio Verde 

6 CV Soybean Millet 3 22 k 540987.37/8057939.34 569 St. Antônio da Barra 

6 CV Soybean Millet 4 22 k 541670.84/8058093.42 574 St. Antônio da Barra 

6 CV Soybean Millet 5 22 k 541911.35/8057517.36 584 St. Antônio da Barra 

7 CV Soybean Sorghum 1 22 k 525763.47/8018402.43 651 Rio Verde 

7 CV Soybean Sorghum 2 22 k 540645.54/8073577.33 608 St. Antônio da Barra 

7 CV Soybean Sorghum 3 22 k 540331.35/8073928.66 617 St. Antônio da Barra 

7 CV Soybean Sorghum 4 22 k 507115.76/8044911.38 779 Rio Verde 

7 CV Soybean Sorghum 5 22 k 506929.16/8044116.21 819 Rio Verde 

 
 
 
factors. 

Univariate version of regression tree models (De' Ath and 
Fabricius, 2000) was used to model the incidence of weeds 
separately depending on the factors mentioned above. This same 
approach was used for statistical analysis to evaluate matrices 
containing only a data subset concerning to most problematic weed 
control. The components species of this subset were selected after 
floristic composition survey of areas. The distribution and total 
occurrence of species were analyzed and five were selected 
(Cenchrus echinatus, Alternanthera tenella, Chamaesyce hirta, 
Euphorbia heterophylla and Glycine max) considered difficult to 
control in the study areas, in the application of tree regression 
analysis. 

RESULTS AND DISCUSSION 
 
A total of 3,219 individuals among 79 species of weeds, 
which amounted 5,815.74 g of shoot dry matter weight, 
were surveyed (Table 4). There was a variation in the 
number of individuals and dry weight of shoot in the 
different evaluation times, predominantly higher values in 
period prior desiccation for soybean sowing, with a 
decrease in the period prior to the post-emergence 
application of soybean and smooth stabilization in 
performed survey earlier  to  post-emergence  application  
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Table 2. Soil analyzes results in the depth from 0 to 10 performed in propertiesof the agricultural region of Goiás Southwest. 
 

Treatments 
Rep. 

Cmolcdm-3 mgdm-3 gkg-1 pH 
m% V% 

Cmolcdm-3 
Clay Silte Sand 

(mgdm-³) 

N°. Soybean/summer Late harvest Ca+Mg Ca K Mg Al H+Al K P(Mel) M.O. CaCl2 CTC SB Fe Mn Cu Zn 

Treat. 1 RR Soybean Maize 1 3.34 2.25 0.13 1.09 0.01 2.35 51.00 9.89 20.59 5.54 0.29 59.68 5.82 3.47 19.34 11.87 68.79 86.67 28.15 1.25 7.33 

Treat. 1 RR Soybean Maize 2 4.62 3.48 0.24 1.14 0.01 3.71 95.50 26.79 22.56 5.72 0.21 56.62 8.57 4.86 26.47 6.52 67.00 37.83 169.53 1.20 6.10 

Treat. 1 RR Soybean Maize 3 3.88 2.91 0.16 0.97 0.01 3.09 63.00 2.27 31.35 5.71 0.25 56.66 7.14 4.04 42.46 25.04 32.49 74.88 71.46 1.86 3.07 

Treat. 1 RR Soybean Maize 4 2.72 2.09 0.21 0.63 0.08 7.71 81.50 14.74 31.74 5.39 3.42 27.93 10.64 2.93 54.30 25.76 19.95 32.13 125.45 0.94 2.49 

Treat. 1 RR Soybean Maize 5 3.16 2.53 0.12 0.63 0.01 4.62 48.00 14.02 20.86 5.17 0.31 41.45 7.91 3.29 32.33 5.07 62.60 83.89 54.36 1.83 2.46 

Treat. 2 RR Soybean Sorghum 1 3.24 2.57 0.19 0.67 0.01 5.03 75.50 5.48 24.06 5.44 0.30 40.27 8.47 3.43 43.66 7.52 48.82 104.44 23.85 1.86 3.10 

Treat. 2 RR Soybean Sorghum 2 4.22 3.11 0.43 1.11 0.03 4.87 168.50 14.72 30.84 5.34 0.74 48.72 9.52 4.65 50.43 13.58 35.99 99.03 29.37 0.88 2.90 

Treat. 2 RR Soybean Sorghum 3 2.07 1.52 0.23 0.55 0.13 4.00 89.00 11.04 9.34 5.01 8.59 34.82 6.30 2.30 21.48 4.62 73.90 73.95 98.82 1.31 4.33 

Treat. 2 RR Soybean Sorghum 4 3.10 2.30 0.19 0.79 0.03 3.05 76.00 11.61 17.09 5.13 0.99 51.72 6.35 3.29 20.39 4.66 74.95 104.49 110.46 1.78 4.40 

Treat. 2 RR Soybean Sorghum 5 3.60 2.37 0.34 1.22 0.05 4.79 132.00 2.41 28.99 5.24 1.28 44.89 8.72 3.93 47.11 13.49 39.40 102.09 127.05 4.96 2.61 

Treat. 3 RR Soybean Millet 1 5.60 4.47 0.14 1.13 0.01 5.24 55.50 12.05 34.23 5.47 0.19 52.50 10.98 5.74 30.97 22.69 46.33 30.11 146.82 1.37 3.77 

Treat. 3 RR Soybean Millet 2 4.50 3.58 0.39 0.92 0.01 3.80 154.00 7.32 26.61 5.86 0.21 56.13 8.69 4.89 39.98 26.08 33.94 85.51 94.86 4.89 3.73 

Treat. 3 RR Soybean Millet 3 4.61 4.06 0.20 0.55 0.01 1.86 77.00 9.89 17.15 5.91 0.22 71.45 6.66 4.80 8.34 15.06 76.60 109.37 20.97 1.17 5.06 

Treat. 3 RR Soybean Millet 4 4.49 3.19 0.21 1.30 0.01 4.91 82.50 13.57 33.52 5.72 0.22 48.45 9.61 4.70 49.12 13.24 37.64 101.03 32.58 0.20 2.30 

Treat. 3 RR Soybean Millet 5 4.84 4.05 0.33 0.79 0.01 5.57 130.50 6.72 25.85 5.77 0.20 47.69 10.75 5.18 52.90 20.38 26.72 40.85 148.29 5.01 1.72 

Treat. 4 RR Soybean Fallow 1 4.04 2.62 0.33 1.42 0.01 4.87 129.50 5.09 32.28 5.21 0.25 46.93 9.24 4.38 58.82 22.56 18.62 41.13 154.65 13.79 3.47 

Treat. 4 RR Soybean Fallow 2 3.94 2.65 0.33 1.29 0.03 5.82 129.00 7.39 29.49 5.39 0.69 42.31 10.08 4.27 43.37 5.92 50.71 51.72 146.01 5.41 3.26 

Treat. 4 RR Soybean Fallow 3 2.72 2.54 0.09 0.17 0.01 1.49 36.00 16.35 12.15 5.74 0.38 64.81 4.30 2.81 11.20 4.67 84.13 91.47 13.17 1.62 4.03 

Treat. 4 RR Soybean Fallow 4 3.52 3.27 0.25 0.25 0.01 0.91 98.00 11.95 18.06 5.89 0.28 80.58 4.68 3.77 13.99 6.08 79.93 99.81 19.17 1.68 5.23 

Treat. 4 RR Soybean Fallow 5 2.62 2.02 0.05 0.61 0.01 3.18 21.00 10.80 22.21 5.39 0.39 46.05 5.85 2.68 26.90 2.95 70.16 67.12 51.42 1.13 14.32 

Treat. 5 CV Soybean Maize 1 2.85 2.16 0.18 0.70 0.01 3.22 72.00 19.31 20.01 5.37 0.35 48.19 6.26 3.04 20.62 6.96 72.43 52.59 83.73 2.99 11.84 

Treat. 5 CV Soybean Maize 2 2.48 1.98 0.10 0.50 0.01 2.10 39.00 14.37 15.46 5.35 0.39 55.10 4.68 2.58 11.91 1.67 86.42 54.02 58.45 1.47 8.65 

Treat. 5 CV Soybean Maize 3 3.52 2.85 0.23 0.67 0.01 4.66 88.50 13.54 27.93 5.23 0.27 44.52 8.40 3.74 37.88 9.00 53.12 25.74 96.41 2.60 9.81 

Treat. 5 CV Soybean Maize 4 2.66 2.25 0.22 0.40 0.01 4.83 85.50 8.86 29.62 5.03 0.35 37.42 7.70 2.88 36.37 8.90 54.73 32.38 69.76 2.23 10.86 

Treat. 5 CV Soybean Maize 5 2.63 2.10 0.11 0.53 0.01 5.40 44.50 6.81 33.65 4.92 0.36 33.72 8.15 2.75 60.69 21.23 18.08 49.44 59.03 2.69 6.90 

Treat. 6 CV Soybean Millet 1 2.28 2.00 0.18 0.28 0.01 4.66 69.00 10.77 24.73 5.15 0.41 34.51 7.12 2.46 33.36 4.43 62.22 51.61 67.93 2.56 7.91 

Treat. 6 CV Soybean Millet 2 2.43 2.10 0.12 0.33 0.01 4.83 45.00 11.88 26.13 5.21 0.40 34.38 7.37 2.54 38.69 7.39 53.92 93.30 83.07 3.46 7.54 

Treat. 6 CV Soybean Millet 3 5.08 3.68 0.38 1.40 0.01 4.50 150.00 8.16 41.93 5.41 0.18 54.77 9.96 5.46 64.45 16.60 18.95 65.86 144.30 6.31 3.59 

Treat. 6 CV Soybean Millet 4 4.21 2.75 0.27 1.46 0.01 4.41 105.00 4.27 43.08 5.62 0.24 49.61 8.89 4.48 58.99 18.34 22.66 31.51 110.19 5.10 4.64 

Treat. 6 CV Soybean Millet 5 3.53 2.62 0.12 0.91 0.03 6.02 45.00 4.84 41.42 5.50 0.99 37.38 9.67 3.65 76.07 12.77 11.16 37.32 360.12 4.49 2.76 

Treat. 7 CV Soybean Sorghum 1 2.81 2.25 0.15 0.56 0.01 3.34 60.00 4.06 29.62 5.20 0.34 46.96 6.30 2.96 32.00 12.60 55.40 55.20 61.35 3.59 4.58 

Treat. 7 CV Soybean Sorghum 2 2.57 2.04 0.11 0.53 0.01 2.89 42.00 14.97 17.84 5.32 0.38 47.98 5.56 2.67 24.45 4.49 71.06 45.96 50.28 2.06 3.41 

Treat. 7 CV Soybean Sorghum 3 2.86 2.19 0.10 0.67 0.01 3.18 40.50 17.92 20.14 5.41 0.34 48.22 6.14 2.97 27.98 3.11 68.91 45.42 61.88 1.91 3.71 

Treat. 7 CV Soybean Sorghum 4 2.51 1.94 0.14 0.56 0.01 3.42 56.50 26.07 17.97 5.42 0.39 43.49 6.08 2.65 12.09 1.70 86.21 84.10 60.00 1.09 11.09 

Treat. 7 CV Soybean Sorghum 5 2.02 1.59 0.20 0.44 0.01 3.88 78.50 17.25 18.99 5.18 0.52 35.91 6.10 2.23 22.07 4.66 73.27 59.47 38.39 2.41 10.78 
 

RR Soybean:  genetically modified soybean for resistance to glyphosate; CV Soybean: Conventional Soybean. 
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Table 3. Sampling areas of the weed survey in the southwestern region of Goiás. 
 

Treatments 

Seasons 1 
 

Seasons 2 
 

Seasons 3 
 

Total 

Number 
squares 

Area (m
2
) 

 

Number 
squares 

Area (m
2
) 

 

Number 
squares 

Area (m
2
) 

 

Number 
squares 

area (m
2
) 

Treat. 1 RR Soybean + Maize 100 25 
 

100 25 
 

100 25 
 

300 75 

Treat. 2 RR Soybean + Millet 100 25 
 

100 25 
 

100 25 
 

300 75 

Treat. 3 RR Soybean + Sorghum 100 25 
 

100 25 
 

100 25 
 

300 75 

Treat. 4 RR Soybean + Fallow 100 25 
 

100 25 
 

100 25 
 

300 75 

Treat. 5 CV Soybean + Maize 100 25 
 

100 25 
 

100 25 
 

300 75 

Treat. 6 CV Soybean + Millet 100 25 
 

100 25 
 

100 25 
 

300 75 

Treat. 7 CV Soybean + Sorghum 100 25 
 

100 25 
 

100 25 
 

300 75 

Total 700 175 
 

700 175 
 

700 175 
 

2100 525 

 
 
 
Table 4. Number of individuals distribution (NI) and shoot dry biomass (DB) of weed species in Southwest of Goiás. 
 

Family Espécies Comum name Bayer Code US Code NI DB (g) 

Poaceae Cenchrus echinatus L. Sandbur, southern CCHEC CEEC 680 1,589.75 

Asteraceae Conyza bonariensis (L.) Cronq. Fleabane, hairy ERIBO COBO 44 398.78 

Amaranthaceae Alternanthera tenella Colla Joyweeds - - 244 367.41 

Malvaceae Sida glaziovii K. Schum Malva - - 134 366.72 

Asteraceae Praxelis pauciflora (Kunth) R. M.King e H. Rob. Anil - - 60 198.82 

Commelinacea Commelina benghalensis L Dayflower, Benghal COMBE COBE2 261 193.92 

Malvaceae Malvastrum coromandelianum (L.) Garcke False mallow, broom weed - - 39 152.24 

Asteraceae Conyza canadensis (L.) Cronq. Horseweed ERICA COCA5 48 151.66 

Euphorbiaceae Chamaesyce hirta (L.) Millsp. Spurge, garden EPHHI CHHI3 276 146.7 

Poaceae Eleusine indica (L.) Gaertn. Goosegrass ELEIN ELIN3 112 143.46 

Poaceae Panicum maximum Jacq. See Urochloa maxima PANMA PAMA4 13 138.99 

Malvaceae Sida rhombifolia L Sida, arrowleaf SIDRH SIRH 48 136.92 

Asteraceae Bidens subalternans DC. Picão-preto - - 176 111.68 

Asteraceae Tridax procumbens L. Buttons, coat TRQPR TRPR5 56 103.21 

Poaceae Digitaria insularis (L.) Mez ex Ekman Sourgrass TRCIN DIIN2 44 94.55 

Poaceae Setaria parviflora (Poir.) Kerguélen Foxtail, knotroot SETGE SEPA10 22 91.71 

Smilacaceae Smilax polyantha Griseb. Smilaxes - - 9 86.61 

Fabaceae Glycine max (L.) Merr. Soybean - GLMA4 284 85.89 

Cyperaceae Cyperus difformis L. Sedge, smallflower umbrella CYPDI CYDI4 85 79.21 

Poaceae Pennisetum setosum (Sw). Rich. Fountain grass - - 45 74.39 

Polygonaceae Rumex obtusifolius L. Dock, broadleaf RUMOB RUOB 2 22.46 
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Table 4. Contd. 
 

Smilacaceae Smilax campestris Griseb. Catbriers,greenbriers, pricklyivys, and smilaxes - - 3 21.65 

Poaceae Digitaria ciliaris (Retz.) Koel. Crabgrass, southern DIGSP DICA 5 19.51 

Solanaceae Solanum americanum P. Mill. Nightshade, American black SOLAM SOAM 5 19.42 

Asteraceae Acanthospermum hispidum DC. Starbur, bristly ACNHI ACHI 2 18.65 

Boraginaceae Heliotropium indicum L. Heliotrope, Indian HEOIN HEIN 1 16.51 

Euphorbiaceae Cnidoscolus urens (L.) Arthur Bull nettle', 'spurge, nettle', or 'mala mujer' (evil woman). - - 1 15.13 

Myrtaceae Eugenia sp. Cagaita - - 3 15.03 

Lamiaceae Leonotis nepetifolia (L.) R. Br. Lionsear LEONE LENE 12 15.00 

Mennispermaceae Cissampelos sp1 Orelha-de-onça - - 9 14.73 

Malvaceae Sida cordifolia Sida, heartleaf SIDCO SICO 5 12.45 

Asteraceae Synedrellopsis grisebachii Hieron & Kuntze Straggler daisy - - 3 12.41 

Asteraceae Bidens pilosa L. Beggarticks, hairy BIDPI BIPI 6 11.04 

Poaceae Pennisetum americanum (L.) Leeke Millet - - 16 10.44 

Polygonaceae Rumex acetosella L. Sorrel, red RUMAA RUAC3 6 9.38 

Myrtaceae Myrcia guianensis (Aubl.) DC. Birch, bois de fer, bois de Ste. Lucie, bois petite, feuille, guava berry - - 2 7.90 

Crhysobalanaceae Couepia grandiflora Benth. Oiti - - 1 7.63 

Lamiaceae Heteropterys sp. ----- - - 3 7.29 

Malvaceae Sida urens L. Tropical fanpetals, balaizortie - - 3 7.19 

Rubiaceae Spermacoce latifolia Aubl. Buttonweed - - 7 7.19 

Fabaceae Senna obtusifolia (L.) H. S. Irwin & Barneby Sicklepod CASOB SEOB4 33 73.24 

Mennispermaceae Cissampelos sp 2 Orelha-de-onça - - 10 60.95 

Poaceae Rhynchelytrum repens (Willd.) C. E. Hubbard See Melinis repens RHYRE RHRE2 15 49.93 

Asteraceae Emilia fosbergii Nichols. Cupid's-shaving-brush EMIFO EMFO 6 47.97 

Asteraceae Gnaphalium coarctatum Willd Cudweed - - 22 43.29 

Convolvulaceae Ipomoea grandifolia L. Morning glory, sweet, potato, bindweed, moonflower - - 65 42.00 

Fabaceae Crotalaria spectabilis Roth Crotalaria, showy CVTSP SRSP2 15 40.78 

Smilacaceae Smilax brasiliensis Spreng. Catbriers, greenbriers, prickly-ivys, or, smilaxes - - 5 39.41 

Poaceae Sorghum halepense (L.) Pers. Johnsongrass SORHA SOHA 1 38.00 

Rubiaceae Richardia brasiliensis (Moq.) Gomez Pusley, Brazil RCHBR RIBR2 14 37.15 

Euphorbiaceae Euphorbia heterophylla L. Poinsettia, wild EPHHL EUHE4 100 35.82 

Poaceae Urochloa sp. Signalgrass, Dominican - - 11 35.19 

Lamiaceae Mimosa hirsutissima Mart. Malicia - - 5 35.11 

Amaranthaceae Amaranthus viridus L. Amaranth, slender AMAVI AMVI 13 33.79 

Convolvulaceae Ipomoea cordifolia L. (triloba) Heart-leaved morning glory - - 46 33.49 

Fabaceae Andira vermifuga Mart. Ex Benth. Angelim-do-cerrado - - 4 30.74 

Mennispermaceae Cissampelos ovolifolia DC. Orelha-de-onça - - 8 28.41 

Asteraceae Vernonia ferruginea Less. Ironweed - - 2 28.20 
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Table 4. Contd. 
 

Poaceae Digitaria insularis (L.) Mez ex Ekman Sourgrass TRCIN DIIN2 21 26.81 

Poaceae Zea mays L. Corn, volunteer ZEAMX ZEMA 16 24.07 

Simaroubaceae Simaba sp. ----- - - 1 6.72 

Fabaceae Crotalaria incana L. Woolly rattlepod - - 1 6.68 

Fabaceae Indigofera hirsuta Harvey Indigo, hairy INDHI INHI 6 5.61 

Rubiaceae Spermacoce verticilata L. Shrubby false buttonweed - - 3 4.79 

Smilacaceae Smilax ovolifolia Roxb. Common name, include catbriers, greenbriers, pricklyivys, and smilaxes - - 1 4.69 

Moraceae Brosimum gaudichaudii Trécul. Mama-cadela - - 1 4.03 

Nyctaginaceae Neea theifera Oerst.  Nia, neea, or saltwood. - - 2 3.83 

Malvaceae Sida spinosa Prickly fanpetals SIDSP SISP 1 1.75 

Asteraceae Ageratum conyzoides L. Ageratum, tropic AGECO AGCO 1 1.40 

Malvaceae Pavonia rosa-campestris A. St. Hill  Rosa-vermelha - - 3 1.24 

Asteraceae Cresta sphaerocephala DC João-bobo - - 1 1.20 

Lamiaceae Hyptis lophanta Mart. Ex Benth Bushmint - - 1 1.16 

Cyperaceae Cyperus odoratus L. Flatsedge CYPFE CYOD 1 1.05 

Euphorbiaceae Phyllanthus tenellus Roxb. Phyllanthus, long-stalked - PHTE5 2 0.93 

Anacardiaceae Lithraea molleoides (Vell.) Engl. Aroeira-brava - - 1 0.90 

Connaraceae Connarus suberosus L. Pau-de-brinco - - 1 0.85 

Vochysiaceae Qualea parviflora Mart. Pau-terra - - 1 0.45 

Caesalpiniaceae Bauhinia sp. Orchid tree - - 1 0.31 

Malvaceae Gossypum hirsutum L. Upland cotton or Mexican, cotton - - 3 0.19 

  Total   
  

3,219 5,815.74 

 
 
 
of succession crop or second crop. 

In this study, it was observed that the 
conventional soybean + maize treatment showed 
higher estimative (7.73 t ha

-1
), followed by RR 

soybean + millet (6.79 t ha
-1

) and RR soybean + 
maize (6.64 t ha

-1
) (Table 5). The quantity of straw 

dry biomass on the soil and uniformity of its 
distribution are reference for qualitative assess-
ment of no-tillage system. This system must have 
at least 6 t ha

-1 
to have sustainability (Alvarenga et 

al., 2001).  
The combinations RR soybean + sorghum (4.51 

t ha
-1

); conventional soybean+  millet  (4.21 t ha
-1

), 

conventional soybean + sorghum (4.91 t ha
-1

) and 
RR soybean + fallow (4.0 t ha

-1
) showed lower 

amounts of dry biomass of surface. These 
combinations showed amount of straw below the 
minimum necessary to maintain no-tillage system. 
This shows the need for higher production of dry 
biomass of soil recover straw in region. In 
addition, for the cerrado region notes enhanced 
rate of decomposition that is intensified by heat 
and humidity in soil. 

In performed works in cerrado areas in Minas 
Gerais, Resende (1995) found a reduction in the 
production of straw biomass with delay  in  sowing 

time. This author reported average yields of straw 
of 6.44 and 5.84 t ha

-1
 for sorghum and millet, 

respectively. It is noteworthy that the means for 
millet were lower than data from this study on RR 
soybean (6.79 t ha

-1
). Millet, according to Salton 

and Kiche (1998), produces variable dry biomass 
with edaphoclimatic conditions, sowing periods 
and time of cultivation and can reach 5 t ha

-1
 in 

less than 60 days. 
Usually areas without plant coverage, in the 

period in which there is no commercial crops, tend 
to have weed infestations on subsequent 
cultivation  (Silva  and  Silva,  2007).   However,  it  
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Table 5. Dry biomass of soil coverage straw (t ha-1) in production systems in the Southwest region 
of Goiás. 
 

Treatments  N. sp. Straw (t ha
-1

) 

Treat. 1 RR Soybean + maize 43 6.64 

Treat. 2 RR Soybean + millet 44 6.79 

Treat. 3 RR Soybean + sorghum 40 4.51 

Treat. 4 RR Soybean + Fallow 35 4.00 

Treat. 5 CV Soybean + maize 38 7.73 

Treat. 6 CV Soybean + millet 30 4.21 

Treat. 7 CV Soybean + Sorghum 18 4.91 
 

N. sp.: number of species. 

 
 
 
was recorded in this study that combinations: 
conventional soybean + maize, RR soybean + millet and 
RR soybean+ maize; which showed higher mean of dry 
weight of straw soil surface also showed a higher number 
of weed species (Table 5). In these treatments only straw 
surface is not enough to suppress weeds. The chemical 
management, with applications of grass herbicides in 
maize and millet in off-season period may be disabled. It 
is detached that in most analyzed areas, there was no 
chemical control in the fallow period which led to higher 
infestation in these off-season crops and increased 
herbicide applications in main culture. 

Regarding total occurrence of weed species to tree 
containing four terminal nodes explained 51% of the total 
data variability in the occurrence of total weed data found 
in the Southwest of Goiás (Figure 1). The determining 
factor in this analysis was the evaluation periods, with 
higher weed infestation at desiccation pre-planting time of 
main crop (average of 44.80 plants per 5 m

2
) compared 

to periods that precede post-emergence application in 
crop and/or off - season (average of 23.90 plants per 5 
m

2
). 

During the second harvest period, the general 
infestation (average of 27.90 plants per 5 m

2
) was higher 

than in the harvest (average of 20.00 plants per 5 m
2
). 

The infestation of weeds in the period of pre-plant 
desiccation was associated to soil pH, and in soils with 
pH< 5.37 (average of 37.30 plants per 5 m

2
). The data 

showed that desiccation is the time in which chemical 
control is more required due to the higher density of 
weeds, and also due to the development of species. Soils 
with more suitable pH ranges favor greater weed 
infestation, perhaps due to greater availability of nutrients 
observed in those soils, benefiting both crops and weed 
community. 

Regarding the occurrence of C. echinatus, the tree with 
five terminal nodes explained 51% of the total variability 
of data occurrence (Figure 2). The most important factor 
associated to the occurrence of this species was the 
percentage of sand in the soil composition, with greater 
infestation in areas with sand content higher than 47.5% 
(average  of   8.64  plants  per  5 m

2
)  compared  to  other 

areas (average of 2.79 plants per 5 m
2
). In areas 

containing sand content higher than 47.5%, the time of 
evaluation was also associated to the occurrence of C. 
echinatus, with 1 and 3 periods, desiccation in pre-
sowing and post-emergence in off-season with the 
highest average (11.0 plants by 5 m

2
) of C. echinatus at 

period 2 (yield, 3.86 plants per 5 m
2
). 

In more sandy areas greater than 47.5%, at periods 1 
and 3, it was found that the amount of straw on soil 
surface was also associated to the occurrence of C. 
echinatus. Sites with dry straw under 2.7 t ha

-1 
showed 

higher infestation (average 12.70 plants per 5 m
2
) 

compared to areas with more than 2.7 t ha
-1

of straw 
(average 5.91 plants per 5m

2
). In these areas, with low 

straw level on soil surface, survey periods were also an 
important factor to explain the occurrence of this species, 
a greater number of plants before pre-planting 
desiccation compared to off-season period was found. 
From this information, it can be summarized that more 
sandy areas with low straw biomass on surface facilitates 
the C. echinatus infestation especially at the period prior 
to pre-planting desiccation. This shows the low efficiency 
in off-season control in addition to the natural period of 
soil fallow. This species is an herbaceous grass of 
widespread occurrence throughout Brazil, and is 
considered one of the six most aggressive species in 
agriculture having great dispersion potential (Kissmann, 
1997). 

Regarding the factors associated to the occurrence of 
A. tenella the tree containing four terminal nodes 
explained 64% of the total variability of data occurrence 
(Figure 3). The most important factor was soil sand 
content, where there was the formation of two nodes, one 
indicating greater infestation of A. tenella in areas with 
sand content lower than 33.2% (average of 7.04 plants 
per 5 m

2
) compared to areas with sand content higher 

than 33.2% (average of 0.92 plants per 5 m
2
). In areas 

with low sand content, two nodes were opened related to 
the altitude, with larger infestations of A. tenella were 
accounting in areas with altitude above 868 m, however 
this occurred in only three locations compared to 68 
locations where the incidence  
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Figure 1. Factors related to the total occurrence of invasive species in the Southwest of Goiás, where: E1= survey before 
the pre-planting desiccation; E2: survey before the post-emergence in yield; E3: survey before the post-emergence in off-
season; and CaCl2: soil pH in CaCl2. Database for analysis: number of individuals. 

 
 
 
of this species remained very low (average of 0.56 plants 
per 5 m

2
). 

In most clayey areas, two terminal nodes were opened 
according to counting periods. Surveys conducted at 
period before pre-planting desiccation show greater 
infestations of A. tenella (average of 13.20 plants per 5 
m

2
) compared to periods related to harvest and off-

season periods (average of 3.94 plants per 5 m
2
). Clayey 

soils in sites with milder temperatures (higher altitudes) 
seem to favor the occurrence of this species, being 
clearer at the period before the pre-planting desiccation 
of main crop. According to Canossa et al. (2010), this 
species is herbaceous plant, highly branched, tending to 
form an intense coverage on soil. This species spreads 
by rooting from nodes in contact with soil. 

Regarding the factors related to the occurrence of 
Chamaesyce hirta, tree containing  three  terminal  nodes 

explained 34% of the total variability of data occurrence 
(Figure 4). The most important factor was the altitude, 
with greater C. hirta infestation in areas with lower 
altitude of 543 m (average of 13.70 plants per 5 m

2
) 

compared to areas with higher altitude than this value 
(average of 2.30 plants per 5 m

2
). Regarding the higher 

altitude areas, the amount of straw in soil was associated 
with the occurrence of this species, with local biomass 
with straw on soil surface higher than 1.95 t ha

-1
(average 

of 3.97 plants per 5 m
2
) being higher than am locations 

above 1,95 t ha
-1

 (average of 1.35 plants per 5 m
2
). Data 

show C. hirta “preference” for sites with warmer 
temperatures (low altitude) and greater amount of straw 
on soil. 

For Euphorbia heterophylla, the tree containing three 
terminal nodes explained 71% of the total variability of 
data  occurrence  (Figure  5).  The  most  important factor  

EPOCAS:E2,E3

EPOCAS:E2 CaCl2<5.375

EPOCAS:E1

EPOCAS:E3 CaCl2>5.375

30.9
(105)

23.9
(70)

20
(35)

27.9
(35)

44.8
(35)

37.3
(16)

51.2
(19)

• •
• •

Error :  0.487   CV Error ( pick ) :  0.673    SE :  0.0928
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Figure 2. Factors associated to the occurrence of Cenchrus echinatus in the Southwest of Goiás, where: Sand: sand 
content in soil in %; E1: survey before pre-planting desiccation; E2: survey before post-emergence in yield; E3: survey 
before post-emergence in off-season; and MSPALHA: amount of dry straw biomass on soil surface in ha -1. Database for 
analysis: number of individuals. 

 
 
 
was the soil sand content, where there was a formation of 
two nodes, one indicating higher E. heterophylla 
infestation in areas with sand content higher than 71.7% 
(average of 2.96 plants per 5 m

2
) compared to areas with 

sand content lower than 71.7% average of 0.26 plants 
per 5 m

2
). 

Two nodes were opened in areas with sand content 
exceeding 71.7%, and on conventional soybean 
cultivation, E. heterophylla incidence was higher (average 
of 5.83 plants per 5 m

2
) than in the areas that adopt 

resistant cultivars to glyphosate (average of 0.67 plants 
per 5 m

2
). These data indicate that sandy soils 

associated to conventional soybean cultivars facilitate the 
spread of E. heterophylla plants. The high distribution of 
E.   heterophylla    biotypes   resistant   to   ALS-inhibiting 

herbicides used for weed control in conventional soybean 
crops may explain this result. According to Vargas et al. 
(2013), the adoption of genetically modified soybean for 
resistance to glyphosate, represented an alternative to 
control E. heterophylla biotypes resistant to acetolactato 
synthase inhibitors. 

Regarding the occurrence of soybean (Glycine max) 
tree with three terminal nodes explained 71% of the total 
variability of data occurrence (Figure 6). The most 
important factor were evaluation periods, when there was 
the formation of two nodes, one indicating higher 
infestation of volunteer soybeans at off–season period 
(average of 8.11 plants per 5 m

2
) compared to pre- 

planting desiccation periods and before post-emergence 
application in crop (no record of plant occurrence in these 

Areia<47.5772

EPOCAS:E2

MSPALHA>2.7025

EPOCAS:E3

Areia>47.5772

EPOCAS:E1,E3

MSPALHA<2.7025

EPOCAS:E1

6.47
(105)

2.79
(39)

8.64
(66)

3.86
(22)

11
(44)

5.91
(11)

12.7
(33)

9.86
(21)

17.8
(12)

•

•

•

• •

Error :  0.494   CV Error ( pick ) :  0.873    SE :  0.13



5188          Afr. J. Agric. Res. 
 
 
 

 
 

Figure 3. Factors associated to the occurrence of Alternanthera tenella in Southwest of Goiás, where: Sand: sand content in 
soil in%; E1 = survey before the pre-planting desiccation; E2: survey before the post-emergence in the crop; E3: survey before 
the post-emergence in the off-season; and ALT: altitude in meters. Database for analysis: number of individuals. 

 
 
 
periods). 

In off-season period, the areas with sand content 
higher than 24.6% showed a higher number of individuals 
(average of 9.00 plants per 5 m

2
) compared to areas with 

sand content lower than 24.6% (average of 3.83 plants 
per 5 m

2
). These data show that the soy infestation 

problem influences off -season crops, and problem is 
worse in areas with sandy soil. It is important to note that 
voluntary soybean plants can cause losses due to weed 
competition in subsequent crops (Dan et al., 2011). 

The cultivation sites in sandy soils with poor dry 
biomass of straw surface contribute to C. echinatus 
infestation, especially prior desiccation of soybean pre-
planting. Clayey soils and high altitudes favor the 
occurrence of A. tenella. Sites with low altitude and with 
higher dry  matter  content  of  the  straw  on  soil  surface 

favors the occurrence of C. hirta. Sandy soils associated 
to the cultivation of soybean conventional varieties in the 
first crop facilitate the occurrence of E. heterophylla 

plants. The volunteer soybean has influenced in 
cultivation of second crop especially in areas with high 
sand content. 

We emphasize that the results obtained with this study, 
even in a broad geographical context, corroborate with 
studies carried out in other countries. According to a 
recent European study soil texture, soil pH and altitude 
were also among the most important factors determining 
weed species composition in conventional soybean fields 
(Pinke et al., 2016). In Europe and even on other 
continents weed species composition in different crops 
was most affected by edaphic factors (especially soil pH 
and soil texture) and altitude (Hanzlik and Gerowitt, 2016). 

Areia>33.2155

ALT<868.5 EPOCAS:E2,E3

Areia<33.2155

ALT>868.5 EPOCAS:E1

2.32
(105)

0.926
(81)

0.564
(78)

10.3
(3)

7.04
(24)

3.94
(16)

13.2
(8)

• •

• •

Error :  0.366   CV Error ( pick ) :  0.686    SE :  0.226
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Figure 4. Factors associated to the occurrence of Chamaesyce hirta in the Southwest 
region of Goiás, where: ALT: altitude in meters; and MSPALHA: Amount of dry straw on 
soil surface in t ha-1. Database for analysis: number of individuals. 

 
 
 

 
 

Figure 5. Factors associated to the occurrence of Euphorbia heterophylla in Southwest of 
Goiás, where: Sand: sand content in soil in%; Soybean: TRANS: RR soybean and soybeans: 
CONV: conventional soybean. Data base for analysis: number of individuals. 

ALT>543.5

MSPALHA<1.9531

ALT<543.5

MSPALHA>1.9531

2.63
(105)

2.3
(102)

1.35
(65)

3.97
(37)

13.7
(3)

• •

•

Error :  0.66   CV Error ( pick ) :  0.934    SE :  0.201

Areia<71.7426

soja:TRANS

Areia>71.7426

soja:CONV

0.952
(105)

0.256
(78)

2.96
(27)

0.667
(15)

5.83
(12)

•

• •

Error :  0.289   CV Error ( pick ) :  0.328    SE :  0.114
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Figure 6. Factors that influenced the occurrence of Glycine max (soybean voluntary) in the 
Southwest of Goiás, where: E1: survey before the pre-planting desiccation; E2: survey before post-
emergence in crop; E3: survey before post-emergence in the off - season; and Sand: sand content 
in soil in%. Database for analysis: number of individuals. 
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