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Abstract  

Weeds can cause serious damage during soybean development, due to alle-

lopathy, competition for water, light and nutrients. It is necessary to investi-

gate the influence of straw, of weeds Conyza spp. and Digitaria insularis, in 

soybean growth, production and composition and grains. If there is influ-

ence of allelopathic compounds at the crop. The aim of this study was to 

evaluate the influence of straw of maize and Urochloa brizantha (A.Rich.) 

R.D.Webster crops and Conyza spp., D. insularis, on growth, production and 

composition of grains produced by soybean. Treatments consisted of the 

control (absence of straw), maize straw, Urochloa brizantha straw, Conyza 

spp. straw (500, 1000, 1500 or 2000 kg ha-1) and D. insularis straw (500, 1000, 

1500 or 2000 kg ha-1). The chlorophyll index, height of plants and insertion of 

the first pod, stem diameter at the collar and at 5 cm from the collar, root 

dry mass, number of pods and grains, weight of total grains, weight of 100 

grains, protein and nitrogen (N), catalase and peroxidase contents in grains 

were evaluated. There was no difference between treatments for plant 

height, first pod height and chlorophyll index, as well as for total pods and 

100 grain weight and protein content, N content and peroxidase and car-

boxylase enzymatic activity of the grains produced. For stem diameter, a 

higher value was found for the treatment with maize straw compared to the 

control (no straw). For dry root matter, treatments without straw and with 

Conyza spp. straw up to 1500 kg ha-1, differed from the treatment with maize 

straw. Even in some respects they provided beneficial effects compared to 

the absence of straw, which indicates the importance of crop residues. No 

allelopathic effects of weeds were observed on the growth and develop-

ment of soybean. Conyza spp., D. insularis, maize or U. brizantha straws do 

not negatively affect soybean growth, production and grain composition.  

 

Keywords  

Agronomic performance, allelopathy, competition, Glycine max (L.) Merrill, interfer-
ence  

 

Introduction  

Glycine max (L.) Merrill (soybean) in the 2020-2021 growing season occupied 

approximately 38.5 million ha, the largest area ever planted in Brazil, with a 

yield of 3529 kg ha-1. In Brazil, it occupies a prominent position and is the 

most important culture in grain production and export (1). Soybean is con-

sidered one of the main sources of vegetable oils and proteins for human 

and animal food. It is a vital product in the Brazilian economy, especially for 
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the supply of oil for domestic consumption, animal feed as 

the main protein source, and biofuel production. Thus, 

there are many studies aimed at the cultivation of soy-

beans, with the aim of obtaining information that enable 

an increase in yield and/or a reduction in production costs 

(2-4), but regarding weed allelopathy and interaction in 

soybean crop, mainly in sandy soils, there is little infor-

mation available. 

 During soybean cultivation, weeds develop, inter-

fering with production. These are the plants defined as 

species that grow where they are not expected or develop 

spontaneously in agricultural areas or areas of human in-

terest. The control of these plants is of paramount im-

portance so that it is possible to obtain greater yield in any 

agricultural sector (5). Weeds can cause serious damage 

during crop development, in addition to causing an in-

crease in the cost of control and/or yield losses (6, 7) due 

to allelopathy, competition for water, light, nutrients and 

other interferences (5) making crop management difficult. 

 Allelopathy is the influence of a biomolecule on the 

morphophysiological development of other plants. Often 

more than one function is achieved by plant allelopathy, 

such as reduced nutrient uptake, reduced or inhibited 

photosynthesis, altered plant respiration, altered mem-

brane permeability (8, 9). It was verified that the influence 

of Abutilon theophrasti Medik. on soybean and cotton 

yields under different densities and interference exposure, 

whereas for soybeans and Zea mays L. (maize), Cyperus 

difformis L. residues affected root and shoot growth (10). 

 Factors such as clay fraction, organic matter, water 

availability, soil pH and microbiological activity directly 

interfere with the release of allelopathic compounds in the 

soil, with the expression of different forms of the same 

compound (11). It was observed that sandy soils have a 

low content of organic matter, therefore the inactivation 

and degradation of these compounds is slower due to the 

low number of microorganisms than in organic matter-rich 

clayey soils (12). 

 As an important weed in soybean cultivation, it can 

be mentioned the sourgrass (Digitaria insularis (L.) Mez ex 

Ekman), of the family Poaceae, native to subtropical and 

tropical regions of America. It forms clumps, reproduction 

is through seeds, has a slow growth until 45 days after 

emergence and soon after, there is a rapid increase in 

roots, due to the formation of rhizomes, so control is indi-

cated up to 35 days after emergence (13, 14). The coexist-

ence of 8 D. insularis plants m-2 with the soybean crop is 

already enough to reduce yield by 80% (6). The extract of 

D. insularis plants had a negative effect on germination 

and early development of the soybean crop in germination 

test (15), which indicates a possible allelopathic effect of 

this weed on soybean. 

 Another relevant weed in soybean cultivation is 
Conyza spp. belongs to the family Asteraceae, the main 

species are hairy fleabane (Conyza bonariensis (L.) 

Cronquist), horseweed (Conyza canadensis (L.) Cronquist) 

and Sumatran fleabane (Conyza sumatrensis (Retz.) E. 

Walker). It has an annual life cycle and herbaceous size, 

with high seed production, found in different agricultural 

environments, such as grain crops. A genus with widely 

adaptable species, with high genetic diversity and complex 

morphological identification in the differentiation be-

tween species. The dispersion of fleabane occurs exclu-

sively through seeds present in the achene fruit (16). On 

the impact of this species on soybean, it was indicated that 

2.7 Conyza plants m-2 can already reduce soybean yield by 

50%. Some studies also indicate allelopathic effects of 

Conyza spp. on other plant species (17-19). 

 Therefore, it is necessary to investigate the influ-

ence of straw, of weeds Conyza spp. and D. insularis, in 

soybean growth, production and composition and grains. 

If there is influence of allelopathic compounds at the crop. 

The aim of this study was to evaluate the influence of 

straw of maize and Urochloa brizantha (A.Rich.) 

R.D.Webster crops and Conyza spp., D. insularis, on growth, 

production and composition of grains produced by soy-

bean.  

 

Materials and Methods  

Experimental design    

The experiment was carried out in Umuarama, state of 

Paraná (PR), Brazil (23º79’15’’S 53º25’61’’W, 400 m alti-

tude), the region climate is mesothermal subtropical 

humid - Cfa (C: mild temperate; f: fully humid; a: hot 

summer), according to the Koppen-Geiger classification 

(20). A completely randomized design was used, with 

11 treatments and 5 replications, each experimental 

unit consisting of a 16 dm³ pot and each pot containing 

2 plants. The treatments consisted of the control (no 

straw), 15340 kg ha -1 maize straw; 8871 kg ha -1 U. bri-

zantha cv. MG-5 straw; for both, average values of straw 

production were used. For Conyza spp. and D. insularis, 

500; 1000; 1500 and 2000 kg ha -1 were used, which cor-

responds to 12.3; 24.5; 36.8 and 49 plants of Conyza 

spp. per m² (40 cm tall) or 1.4; 2.8; 4.3 and 5.7 plants of 

D. insularis per m² (perennial plant clumps) respective-

ly. Plant material, after collection, was dried in a forced

-air oven at 40 °C to a constant weight, for subsequent 

covering of the pots. 

 To fill the pots, soil with a sandy texture, cation ex-
change capacity of 6.35 cmolc dm-3, pH (in H2O) of 4.7 was 

used. Fertilization was carried out with 2270 kg ha-1 dolo-

mitic limestone, 293 kg ha-1 single superphosphate. Six 

seeds were sown per pot, soybean cultivar BRS 1010 IPRO, 

early cycle, maturity group 6.1, indeterminate growth. 

Plant emergence occurred on December 24, 2017, with 

subsequent thinning to only 2 plants per pot. 

 Pots were kept in the open air and were kept free 

of weeds throughout the experiment. Pots were irrigat-

ed to soil field capacity. Fig. 1 illustrates the rainfall 

data during the experimental period (December 2017 to 

April 2018). When the soybean plants reached the V 3 

stage (second fully developed trifoliate leaf) (21), straw 

from each treatment and top dressing (200 kg ha -1 KCl) 

were added. 
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Evaluations   

For the chlorophyll index, a portable chlorophyll meter 

(CFL1030) was used, which provides the Falker chlorophyll 

index (FCI) (22). The central leaflet of the penultimate fully 

expanded trifoliate of each plant per pot was measured 

when the plants were at the R1 (start of flowering) to   R2 

stage (full flowering) (21). 

 When the plants reached the R8 stage (full matura-

tion) (21), the following variables were analyzed: plant 

height, first pod height, stem diameter in the collar, stem 

diameter at 5 cm from the collar, root dry mass, number of 

pods, number of grains, total grain weight, 100-grain 

weight, protein content, nitrogen (N) content, grain cata-

lase and grain peroxidase. For plant height and the first 

pod height, 2 plants were measured in each pot, with a 

ruler from the ground level to the maximum point of 

growth, with presentation of the average value per plant. 

The stem diameter was measured with a digital caliper in 

the 2 plants of each pot, with the presentation of the aver-

age value per plant. 

 For number of pods and number of grains, values of 
the 2 plants per pot were measured and added up. For 

grain weight per pot, grains harvested from the 2 plants 

were measured, dried in an oven at 105 °C to constant 

weight, moisture was corrected to 13% and the corrected 

production was quantified. For 100-grain weight, 2 sub-

samples were measured, moisture corrected to 13%. For 

the root dry mass, soil in the pots was washed under run-

ning water, roots were separated, dried in an air circulat-

ing oven to constant weight and then weighed on a scale 

accurate to 2 decimal places. 

 The % of nitrogen on a wet basis and the % of pro-

teins on a wet basis were determined using the Instituto 

Adolfo Lutz methodology (23). 3 gms of grains were dried 

in an air circulating oven to constant weight at 65 °C for 24 

hr, ground in a blender, sieved and 0.2 g of each sample 

was weighed to quantify the 2 variables. 

 In the quantification of catalase and peroxidase, 1 g 
of grains harvested from each repetition were homoge-

nized and randomly selected. These grains were cold mac-

erated, together with phosphate buffer and polyvinylpyr-

rolidone and centrifuged at 3000 RPM for 10 min and ex-

tracted the supernatant. Catalase was evaluated according 

to the standard method described (24) and peroxidase was 

evaluated (25). 

Statistical analysis   

The Shapiro-Wilk normality test (P < 0.05) was applied to 

check the normality of the data and, when necessary, data 

were transformed (26). The means for number of pods, 

weight of grains, number of grains, catalase and peroxi-

dase were transformed using the equation √(x+1). Data 

obtained were subjected to analysis of variance by F-test 

(P<0.05) and the means were compared by Tukey’s (27) 

test (P<0.05). Data were analyzed in Sisvar 5.6 (28).  

 

Results  

There was no difference between treatments for plant 

height, first pod height and chlorophyll index (Table 1), as 

well as for total pods and 100-grain weight (Table 2), and 

protein content, N content and peroxidase and carbox-

ylase enzymatic activity of the grains produced (Table 3). 

Fig. 1. Rainfall and air temperature during the experiment. Umuarama, PR, Brazil, 2017-2018 season.  
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Conyza spp., D. insularis, maize or U. brizantha straws do 

not affect these soybean parameters. 

 For stem diameter, a higher value (0.99 cm) was 

found for the treatment with maize straw compared to the 

control (no straw) (0.69 cm). However, the stem diameter 

values observed for maize straw did not differ from those 

observed for U. brizantha straw and for Conyza spp. and D. 

insularis in the highest amounts of straw (Table 1). 

For dry root matter, treatments without straw (6.6 g) 

and with Conyza spp. straw up to 1500 kg ha-1 (6.9 to 7.6 g), 

differed from the treatment with maize straw (14.4 g) 

(Table 1). This is possibly because this weed has thicker 

and heavier stems, where the amount of 2000 kg ha-1 was 

not enough to completely cover the soil. Although, these 

treatments resulted in a lower number of roots than the 

others, only the treatment without straw resulted in a low-

er number and weight of grains per pot compared to the 

use of maize straw (Table 2). 

 The results did not show any allelopathic effect of 

weeds on the growth and development of soybean plants. 

Weeds even sometimes had a beneficial effect on soy-

beans, compared to the absence of straw, which reiterates 

the importance of plant residues in the system, even if 

from weeds. Obviously, the use of weeds as cover in off-

season periods is not recommended, given the risk of seed 

CI PH FP SD SDC RDM 
Straw treatments  

FCI cm g 

Without straw 33.4 45.9 12.8 0.69 c 0.56 b 06.6 c 

15,340 kg ha-1 maize 35.1 60.1 9.4 0.99 a 0.81 a 14.4 a 

8,871 kg ha-1 U. brizantha 34.6 54.0 10.0 0.95 ab 0.72 ab 11.1 abc 

500 kg ha-1 Conyza spp. 35.1 46.9 11.7 0.79 abc 0.55 b 07.0 c 

1,000 kg ha-1 Conyza spp. 32.6 50.6 12.8 0.71 ab 0.56 b 07.6 bc 

1,500 kg ha-1 Conyza spp. 33.9 46.9 11.7 0.76 bc 0.60 ab 06.9 c 

2,000 kg ha-1 Conyza spp. 34.1 50.9 11.3 0.81 abc 0.67 ab 08.7 abc 

500 kg ha-1 D. insularis 34.2 44.7 10.5 0.75 bc 0.58 b 09.7 abc 

1,000 kg ha-1 D. insularis 34.7 45.5 9.9 0.80 abc 0.67 ab 08.8 abc 

1,500 kg ha-1 D. insularis 33.6 52.5 13.4 0.87 abc 0.65 ab 13.3 a 

2,000 kg ha-1 D. insularis 34.1 48.7 9.5 0.84 abc 0.71 ab 11.4 abc 

CV (%) 9.3 15.6 17.0 12.9 15.2 28.0 

F ns ns ns * * * 

Table 1. Straw effect on some selected growth parameters of soybean.  

CI: chlorophyll index, PH: plant height, FP: insertion height of the first pod, SD: stem diameter in the collar, SDC: stem diameter at 5 cm from the collar, RDM: root 
dry matter, FCI: Falker chlorophyll index. 

*Means followed by the same superscript letter in the column do not differ by Tukey’s (27) test (P<0.05). nsNon-significant, means do not differ each other by F-
test (P>0.05).  

Straw treatments  TP  
GW 100-GW 

TG  
g 

Without straw 56.2 132.6 b 20.4 b 15.9 

15,340 kg ha-1 maize 148.0 361.6 a 57.0 a 15.8 

8,871 kg ha-1 U. brizantha 128.0 314.4 ab 48.3 ab 15.6 

500 kg ha-1 Conyza spp. 93.2 233.4 ab 34.1 ab 14.8 

1,000 kg ha-1 Conyza spp. 76.0 185.0 ab 27.3 ab 14.7 

1,500 kg ha-1 Conyza spp. 74.0 178.2 ab 26.3 ab 14.8 

2,000 kg ha-1 Conyza spp. 89.2 217.6 ab 33.5 ab 15.1 

500 kg ha-1 D. insularis 75.0 182.0 ab 29.0 ab 16.2 

1,000 kg ha-1 D. insularis 65.8 157.8 ab 25.2 ab 16.1 

1,500 kg ha-1 D. insularis 107.4 268.2 ab 39.9 ab 14.8 

2,000 kg ha-1 D. insularis 103.6 239.0 ab 37.9 ab 15.9 

CV (%) 23.5 22.8 21.9 7.9 

F ns * * ns 

Table 2. Straw effect on total pods, total grains, grain weight, and 100-grain 
weight of soybean. 

TP: total pods, TG: total grains, GW: grain weight, 100-GW: 100-grain weight. 

*Means followed by the same superscript letter in the column do not differ 
by Tukey’s (27) test (P<0.05). nsNon-significant, means do not differ each 
other by F-test (P>0.05).  

Straw treatments  
Proteins N 

Peroxidase  Catalase  
% 

Without straw 34.3 5.5 0.001529 0.001529 

15,340 kg ha-1 maize 33.5 5.4 0.001279 0.001279 

8,871 kg ha-1 U. brizantha 32.3 5.2 0.001111 0.001111 

500 kg ha-1 Conyza spp. 33.3 5.3 0.001295 0.001295 

1,000 kg ha-1 Conyza spp. 33.8 5.4 0.001216 0.001216 

1,500 kg ha-1 Conyza spp. 35.3 5.6 0.001856 0.001856 

2,000 kg ha-1 Conyza spp. 35.7 5.7 0.001268 0.001268 

500 kg ha-1 D. insularis 36.4 5.8 0.001523 0.001523 

1,000 kg ha-1 D. insularis 36.0 5.8 0.001896 0.001896 

1,500 kg ha-1 D. insularis 35.2 5.6 0.001312 0.001312 

2,000 kg ha-1 D. insularis 36.3 5.8 0.001793 0.001793 

CV (%) 7.2 7.2 0.1 0.1 

F ns ns ns ns 

Table 3. Straw effect on proteins and N content, enzymatic activity of peroxi-
dase and catalase of grains of soybean.  

TP: total pods, TG: total grains, GW: grain weight, 100-GW: 100-grain weight. 
nsNon-significant, means do not differ each other by F-test (P>0.05).  
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dissemination in the production system, but the im-

portance of soil cover, for example with cover crops is 

highlighted.  

 

Discussion  

Our results highlight the importance of soil cover, for ex-
ample with cover crops. Straw, from any plant species, 

protects the soil against the impact of rain drops, resulting 

in less soil run-off and preventing the breakdown of parti-

cles. It also improves the use of available natural re-

sources: water, nutrients and light, increases soil fertility 

with nutrient recycling, increases soil organic content, im-

proves physical, chemical and biological properties, reduc-

es soil erosion and compaction. It also plays a key role in 

the control of nematodes and weeds (29-31). 

 We assume that if plants of Conyza spp., D. insularis, 
maize and U. brizantha release allelopathic compounds, 

they may be in the root exudation of these plants, since in 

the present study, only plant straws were used, without 

the presence of roots thereof. Since, in other studies, the 

release of allelopathic compounds into the medium can 

occur through waste decomposition, leaching, volatiliza-

tion and root exudation (32, 33).  

 In the present study, the amount of weed straw may 

not have been enough to release allelopathic compounds 

on soybean. While (19) it was reported a negative effect of 

aqueous extracts of Conyza sumatrensis (from roots and 

shoots) on seed germination of Bidens pilosa, with an in-

crease due to the increased concentration of extracts, as 

well as a stronger effect for the root extracts. Similar to 

observed for D. insularis extracts on canola germination 

(34).  

 Another factor that may have influenced the ab-

sence of allelopathic compounds, in the present study, is 

the time of year. In this respect, on concentrations of ses-

quiterpenes, there were variations according to the sea-

sons, proving that environmental conditions influence the 

presence of these compounds and according to the au-

thors, these results are due to environmental variations in 

temperature and light (35). The release of allelopathic 

compounds may be related to the availability of water, soil 

pH, organic matter and microbiological activity, interfering 

with the expression of these compounds in soil (8). Sandy 

soils have lower organic matter content compared to clay-

ey soils, making the inactivation and degradation of alle-

lopathic compounds slower (9). 

 There were no differences in protein and N content 

in grains in our study. These contents are governed by ge-

netic factors, but they are also influenced by the environ-

ment throughout the seed filling period (36, 37), however 

in the present study the environment did not influence 

these contents. As for the activity of catalase and peroxi-

dase, no significant results were found. The presence of 

these enzymes is associated with the antioxidant complex 

of plants, they use these enzymes for detoxification (38, 

39). As there was no high activity of these enzymes with 

the aim of detoxification, then it is inferred that exogenous 

oxidizing factors from the straw covers were not observed 

affecting the seeds produced.  

 Weeds, in coexistence with soybean, cause serious 

damage during crop development, making plant manage-

ment difficult, due to allelopathy, competition for water, 

light, nutrients and other interferences. But in the present 

study, weed straw did not affect soybeans negatively. With 

the exception of the risks of weeds during the off-season, 

in some respects the weed straw was even beneficial. This 

reinforces the importance of cover crops during the off-

season in grain cultivation.  

 

Conclusion  

Conyza spp., D. insularis, maize or U. brizantha straws do 

not negatively affect soybean growth, production and 

grain composition. It was not possible to verify whether 

the root system of these plants produce allelopathic sub-

stances capable of negatively influencing soybean perfor-

mance, indicating the possibility of further research in this 

field of study in different soil and climate conditions.  
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