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Abstract: Soil quality is defined as the measure of its capacity to perform vital ecological 
functions for agricultural development. With the expansion of cultivated areas and even their 
exposure to long periods without plant presence, issues such as erosion and soil nutrient 
depletion can arise. Therefore, practices like crop rotation or the incorporation of green manures 
have gained traction in soil preparation for large-scale cultivation. The common bean plant, being 
a member of the legume family, possesses such capabilities, being a potential nitrogen fixer and 
contributing to soil maintenance. Thus, this study aimed to assess the effects of cultivating 
common beans in fallow areas with sugarcane straw and fomesafen application. The experiment 
was conducted in an area with Eutrophic-Dystrophic Red Latosol. The experimental design was 
a randomized block design in a 4x2 factorial system, with four replicates, considering leaves 
straw presence (0, 1, 5, and 10 t ha-1) and two types of herbicide application (with and without 
application), totaling 8 experimental treatments and 32 plots. Soil chemistry, soil enzymatic 
activity, leaf area, plant dry matter, and productivity were evaluated. Higher straw quantities in 
the system improved soil enzymatic activity dynamics and soil chemistry. Plant development was 
correlated with higher soil enzymatic activity. Thus, it is concluded that in fallow areas: 1) the 
straw enhances soil quality and common bean productivity; 2) The herbicide (fomesafen) 
application has no impact on soil dynamics; 3) chemical, physical, and biological soil variables 
show worse conditions in treatments without straw, regardless of herbicide application; 4) 
enzymatic activity (β-glucosidase) is higher in the interaction between straw and plants, 
responding better to soil dynamics compared to physical and chemical variables, resulting in 
higher common bean productivity. It is recommended to maintain or increase straw coverage to 
improve soil quality and common bean productivity, with the safe use of the herbicide fomesafen, 
as it does not negatively affect soil dynamics. 
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Abbreviations: N (nitrogen), P (phosphorus), S (sulfur), CTC (cation exchange capacity), and OM (organic matter), K⁺ 
(potassium) showed a strong positive correlation with the variables Ca²⁺ (calcium), SB (sum of bases), Mg²⁺ (magnesium), 
V% (base saturation), Al (aluminum), m% (aluminum saturation), H+Al (hydrogen and aluminum), Beta (β-glucosidase), 
LA (leaf area), LAI (leaf area index), NP (number of pods), DMP (dry mass of pods), DML (dry mass of leaves), DMS (dry 
mass of stems), PM (pod mass), NP (number of pods), IAF (leaf area index), DML (dry mass of the leaf), DMF (mass of leaves), 
Prod. (productivity), C (With), S (Without), 0 (without residue), 1 (one t ha⁻¹), 5 (five t ha⁻¹), 10 (ten t ha⁻¹), pH (hydrogen 
potential), MUB (modified universal buffer), PNG (p-nitrophenyl-β-D-glucopyranoside), AF (leaf area), MSV (dry pod 
weight), MSF (Dry Leaf Mass), MSC (Dry Stem Mass), NV (number of pods), MF (leaf dry weight), MC (stem dry weight), NT 
(with no-tillage), CT (conventional tillage), LDM (leaf dry mass), SDM (stem dry mass), CEC (cation exchange capacity). 
 
Introduction 
 
Soil quality is defined by its capacity to perform vital 
ecological functions, such as supporting plant growth, 
purifying water, and recycling nutrients and organic 
waste (Bünemann et al., 2018). Soil degradation, often 
caused by deforestation, removal of organic residues, and 

fallow periods, leads to erosion, and depletion of organic 
matter and nutrients (Karlen & Rice, 2015; Lal, 2012; Li 
et al., 2016). Sustainable soil management techniques, 
such as increasing soil organic carbon (SOC) stocks, can 
mitigate these issues by enhancing soil's physical, 
chemical, and biological properties (Karlen & Rice, 2015; 
Bayer et al., 2004). 
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Legumes, such as common beans, are effective cover 
crops that improve soil quality and sustainability through 
nitrogen fixation and organic matter addition (Reckling et 
al., 2016; Jensen et al., 2020). In sugarcane field 
renovations, combining crop residue management with 
legume sowing protects the soil, intensifies nutrient 
cycling, reduces erosion, and improves soil fertility (Chen 
& Weil, 2011; Thorburn et al., 2017). 
Thus, bean cultivation in fallow areas with the insertion 
of straw can be a viable and advantageous alternative, 
both for the bean crop, from an economic standpoint, and 
for subsequent crops, such as sugarcane in succession, 
especially considering its quick cycle (EMBRAPA, 2020). 
Common beans (Phaseolus vulgaris L.) play a crucial role 
in the diet of Brazilians, being widely recognized as an 
excellent source of protein, as well as containing 
significant amounts of carbohydrates, vitamins, minerals, 
and fibers (Mingotte et al., 2013; Amaral et al., 2016). This 
crop holds a prominent position both economically and 
nutritionally in the country, being cultivable in various 
regions with the possibility of up to three annual harvests 
(CONAB, 2024). 
However, the common bean plant, like other crops, is 
subject to interference from weeds (Parreira et al., 2012, 
2014; Mielle et al., 2019). Given this interference, weed 
control is essential, with chemical control being the most 
common method due to its efficiency. Among the 
herbicides registered for the crop, fomesafen stands out. 
It is an inhibitor of the enzyme protoporphyrin oxidase 
(PROTOX), indicated for post-emergence control of 
broadleaf weeds. Its absorption primarily occurs through 
the leaves, with low absorption by the roots. After foliar 
absorption, translocation via xylem occurs only over 
short distances, thus characterized as a contact herbicide 
(Barroso & Murata, 2021), with good control efficiency 
(e.g., Mancuso et al., 2016; Marchioretto & Magro, 2017). 
Thus, this study aimed to investigate the effects of carioca 
bean cultivation in fallow areas with sugarcane straw and 
fomesafen application. The hypotheses are: 1) A greater 
amount of straw will improve soil quality and influence 
higher bean productivity; 2) Fomesafen application will 
negatively influence soil and plant response; 3) Soil 
chemical, physical, and biological variables showed 
variable conditions when subjected to fomesafen 
application with and without straw; 4) The enzymatic 
activity of β-glucosidase will be higher in the interaction 
of straw and plant, leading to better crop productivity.
  
Results 
 
Physical and chemical soil alterations 
The results showed both positive and negative 
correlations, ranging from weak to strong. The variables 
N (nitrogen), P (phosphorus), S (sulfur), CEC (cation 
exchange capacity), and OM (organic matter) did not 
show any correlation with the other variables subjected 
to Pearson correlation analysis (r). K+ (potassium) 
showed a strong positive correlation with the variables 
Ca²+ (calcium), SB (sum of bases), Mg²+ (magnesium), and 
V% (base saturation). Ca²+ exhibited a very strong 
positive correlation with SB, a strong positive correlation 
with Mg²+ and V%, and a moderate correlation with CEC. 
SB had a very strong positive correlation with Mg²+ and 
V%, and a moderate correlation with CEC. Additionally, a 

moderate negative correlation between SB and m% was 
observed (Figure 1). 
Mg²+ (magnesium) showed a very strong positive 
correlation with V% (base saturation) and a moderate 
correlation with pH.  
On the other hand, a moderate negative correlation was 
observed with Al (aluminum), m% (aluminum 
saturation), and H+Al (hydrogen and aluminum). For V%, 
the correlation was moderately positive with pH and 
moderately negative for Al and m%. When correlated 
with H+Al, a strong negative correlation was observed. 
Aluminum showed a very strong positive correlation with 
m% and a moderate positive correlation with Al+H. m% 
exhibited a moderate correlation with H+Al, and H+Al 
correlated strongly positively with CTC (Figure 1). 
Soil variables such as K+ and CEC did not show significant 
differences among the treatments. However, pH, P, S, and 
OM exhibited higher values at 60 days, likely due to the 
influence of the bean crop. Nitrogen showed significant 
differences between the treatments and in the interaction 
between mulch and herbicide, with higher values 
observed 60 days after emergence (DAE) (Table 1). 
The breakdown of the interaction between herbicide and 
the amount of mulch on N concentration, without 
herbicide application, showed no differences among the 
mulch quantities. However, where herbicide was applied, 
the amount of 10 t ha⁻¹ resulted in higher N 
concentrations (Table 2). 
When comparing herbicide application within each 
mulch quantity, the treatments without mulch and with 5 
t ha⁻¹ did not show significant differences. In contrast, the 
treatments with 1 and 10 t ha⁻¹ exhibited higher N values 
when the herbicide was applied (Table 2). 
 
Enzymatic activity: β-glucosidase 
The activity of the β-glucosidase enzyme, assessed at 30 
and 60 days, showed a significant difference between 
herbicide application and the presence of mulch in the 
system (Table 3). Regarding herbicide application, both 
periods exhibited higher enzymatic activity in the plots 
treated with fomesafen. At the mulch densities, during the 
30 DAE period with 10 t ha⁻¹, there was a significant 
increase in β-glucosidase activity. By 60 DAE, the 
equivalent of 10 t ha⁻¹ of mulch provided better 
conditions for the enzyme to exhibit greater activity, 
followed by 1 and 5 t ha⁻¹, while the treatments without 
mulch showed low activity. 
The interaction of the residue left in the system with the 
application of the herbicide on soil enzymatic activity 
shows that, at 30 days, in treatments with and without 
herbicide application, the amount of 10 t ha⁻¹ provided 
better conditions for enzymatic activity in the soil (Table 
4). The application of the herbicide at amounts of 1 and 
10 t ha⁻¹, within each residue quantity, influenced the 
increase of enzymatic activity in the herbicide application 
treatments. 
At 60 days, the treatment without herbicide application 
at the amount of 10 t ha⁻¹ provided better conditions for 
greater enzymatic activity (Table 4). When the herbicide 
was applied at the highest amount of residue, there was 
an increase in soil enzymatic activity. Evaluating the 
herbicide application within each residue quantity, a 
greater enzyme activity was observed in the treatments 
with application.
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Table 1. Effect of straw amounts, herbicide, and time on soil physical and chemical variables: pH, potassium (K+), nitrogen 
(N), phosphorus (P), sulfur (S), cation exchange capacity (CTC), and organic matter (OM). 

Factors pH  K N P S CTC M.O. 
 - mmolc dm-3 mg dm-3 mmolc dm-3 
Herbicide        
With 4.68 2.62 65.45a 15.44 9.11 42.97 17.00 
No 4.62 2.55 54.86b 14.65 8.41 45.02 15.95 
Straw (t ha-1)        
0 4.65 2.74 53.34b 16.55 8.92 44.86 15.24b 
1 4.67 2.49 59.76ab 15.41 9.33 42.77 15.88b 
5 4.71 2.60 57.18b 14.08 8.33 44.32 18.08a 
10 4.78 2.51 70.33a 14.55 8.46 44.04 15.88a 

Causes of variation 
Fherbicide 1,04ns 0.66ns 4.29* 5.04* 4.68* 1.91ns 0.90ns 
Fstraw 1,77ns 0.17ns 14.80** 0.22ns 1.37ns 2.71ns 1.23** 
Finteractions 1,97ns 0.45ns 6.99** 0.74ns 0.6ns 0.51ns 0.88ns 
CV (%) 3.83 22.27 15.85 28.81 23.49 9.78 16.41 

Means followed by the same letter do not differ by Tukey's test at the 5% probability level. * and ** = Significant at the 5% 
and 1% probability level by the F test. NS = Not significant by the F test. CV(%) = Coefficient of variation. 
 

Table 2. Analysis of the breakdown of the interaction between herbicide and straw amount on soil nitrogen content. 

Herbicide 
Straw Amount (t ha-1) 

0  1  5  10  

With 50.73Ba 65.47Ba 62.38Ba 83.22Aa 
No 55.95Aa 54.05Ab 51.98Aa 57.45Ab 

Means followed by different letter, uppercase in the row and lowercase in the column, differ by Tukey's test at a 5% 
probability level. 
 
Plant response 
For the variables leaf area (AF), dry pod weight (MSV), 
number of pods (NV), leaf dry weight (MF), and stem dry 
weight (MC), no significant difference was observed 
between plants with and without application of 
fomesafen (Table 5). Regarding the straw factor, only for 
MSV no significant difference was observed. For AF, 
treatments with 5 and 10 tons showed higher values than 
those found in treatments without straw and with 1 ton. 
For NV, MF, and MC, it was observed that the effect of 
straw influences a significant increase in the variables 
(Table 5). 
In terms of bean productivity, no significant effect of the 
interaction between the herbicide and straw factors was 
observed. However, regarding the herbicide factor, plants 
from treatments without herbicide application showed 
higher yields compared to those receiving fomesafen 
application. Concerning the amount of straw, plants from 
the treatment with 10 t ha-1 showed higher yields 
compared to the treatment with 1 t ha-1 and without 
straw (Table 5). 
 
Multivariate analysis 
In the principal component analysis (PCA), PC1 explains 
50.49% and PC2 explains 21.31%, totaling 71.8% of the 
data variation. The variables PM (pod mass), NP (number 
of pods), LAI (leaf area index), LDM (leaf dry mass), SDM 
(stem dry mass), and Prod. (productivity) are associated 
with axis 1, while O.M. (organic matter), P (phosphorus), 
N (nitrogen), CEC (cation exchange capacity), and Beta (β-
glucosidase) are on axis 2 (Figure 2). The herbicide factor 
did not show any difference among the factors. However, 
the higher amounts of residue influence the better 
responses of soil variables, enzymatic activity, and bean  

 
productivity at quantities of 5 and 10 t ha⁻¹. The 
treatment without residue, regardless of herbicide 
application, is positioned opposite the quadrant of the 
variables, indicating a lower influence on the evaluated 
parameters. 
 
Discussion 
 
Soil quality responses 
The presence of sugarcane straw can play a crucial role in 
modifying soil dynamics (Valim et al., 2016), resulting in 
significant increases in key parameter values (Trivelin et 
al., 2013; Varanda et al., 2019). The presence of straw can 
have an indirect effect on soil pH, but it does not 
necessarily improve pH, as observed in this work. The 
decomposition of sugarcane straw can release organic 
acids that may slightly influence soil pH, making it slightly 
more acidic. However, the overall effect of sugarcane 
straw on modifying soil pH is considered minimal, 
showing little difference between treatments (Cherubin 
et al., 2021). 
Furthermore, straw is a rich source of nitrogen (N), 
phosphorus (P), potassium (K+), and sulfur (S), among 
various other essential nutrients for plant development 
(Cherubin et al., 2018). The decomposition of straw 
gradually releases these nutrients into the soil, increasing 
their availability to plants and microorganisms; 
additionally, through degradation, its presence can 
promote an increase in soil organic matter (Junior et al., 
2018). The decomposition of straw adds organic matter 
to the soil, enhancing its water retention capacity, 
improving its structure, and promoting beneficial 
microbial activities while providing a greater amount of  
in the soil (Morais et al., 2019; Mazetto Junior et al., 2019). 
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Figure 1. Pearson correlation matrix of physical and chemical soil variables of bean cultivation under different amounts of 
coverage and herbicide application. Legend: pH, organic matter (OM), nitrogen (N), phosphorus (P), potassium (K), sulfur 
(S), calcium (Ca), magnesium (Mg), aluminum (Al), potential acidity (H+Al), sum of bases (SB), cation exchange capacity 
(CTC), base saturation (V%). 
 
Table 3. β-glucosidase activity in soil from bean cultivation subjected to different amounts of straw with and without 
fomesafen application. 

Factors 
30 DAE 60 DAE 

Herbicide 
With 30.88a 185.39a 
No 19.82b 111.36b 

Straw (t ha-1)   
0 18.61b 79.17c 
1 16.04b 152.02b 
5 19.21b 128.83b 

10 47.54a 203.49a 
Initial sample 8,98 

Causes of variation 
Fherbicide 33.15** 165.76** 

Fpalha 59.73** 50.12** 
Finteraction 4.97* 4.92* 
CV (%) 18.56 9.49 

Means followed by different letters differ according to Tukey's test at a 5% probability level. * and ** = Significant at the 
5% and 1% probability levels by the F test. ns = Not significant by the F test. CV(%) = Coefficient of variation. 
 
Table 4. Analysis of the breakdown of the interaction of herbicide with the amount of straw on β-glucosidase activity in 
the soil. 

30 days after emergence  

Herbicide 
Straw Amount (t ha-1)  

 1  5  10  F 
With 19.27Ba 23.86Ba 22.67Ba 57.74Aa 20.81** 
No 17.95Ba 18.23Bb 15.75Ba 37.34Ab 43.89** 
F 0.12ns 16.52** 3.25ns 28.16**  
60 days after emergence  

Herbicide 
Straw Amount (t ha-1)  
0  1  5  10  F 

With 137.67Ca 127.80Ca 163.02Ba 233.07Aa 27.04** 
No 80.67Bb 96.24Bb 94.63Bb 173.92Ab 28.00** 
F 24.57** 94.11** 35.37** 26.46**  

Means followed by different letters, uppercase in the row and lowercase in the column, differ according to Tukey's test at 
the 5% probability level. 
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Figure 2. Multivariate analysis of soil data, enzymatic activity, and bean variables. M.O. = Organic Matter, CTC = Cation 
Exchange Capacity, Beta = Beta-Glucosidase, IAF = Leaf Area, MSF = Dry Leaf Mass, N = Nitrogen, NV = Number of Pods, MSC 
= Dry Stem Mass, MSV = Dry Pod Mass, P = Phosphorus, C = With, S = Without, 0 = without mulch, 1 = one t ha-1, 5 = five t ha-

1, and 10 = ten t ha-1. 
 
Table 6 demonstrates the plant responses regarding soil 
nutrient availability. Thus, the significant correlations 
observed in Figure 1 were compiled according to the 
positive or negative relationships observed in the plant.  
The increase in nitrogen (N) observed in the soil 
highlights the primary importance of using beans as a 
nitrogen-fixing plant, particularly in terms of crop 
rotation or the structuring of fallow areas (Nascente et al., 
2017; Karavidas et al., 2022). Furthermore, its usage is 
extended when considering that besides the ecosystem 
service of nitrogen cycling, there's the possibility of 
harvesting the beans, adding economic value to the crop 
(approximately $330.00 or $65.66 per 1 US Dollar equal 
to 5.03 Brazilian Real according to CONAB (2024)). 
Additionally, other effects of the crop were observed, 
such as an increase in pH, availability of P, S, and organic 
matter (OM). This can be attributed to plant activity 
through the soil-plant interaction with the production of 
exudates such as 4-coumarate, 4-hydroxybenzoate, 
Citrate, Glucosaminato, Histidinol, Lactate, Sinapate, 
Deoxyadenosine, Trimethylamine oxide + 
isopropanolamine, Asparagine, Deoxycytidine, 
Deoxyguanosine, Hippurate, Mucate, Riboflavin by the 
bean plant (Tawaraya et al., 2014). Among these, Citrate, 
Glucosaminato, Asparagine, and Deoxycytidine are 
responsible for mediating interactions with 
microorganisms, especially in nutritive relationships 
(source of carbon and energy), as well as in the 
availability and solubilization of metallic ions such as iron 
and aluminum (Siqueira et al., 1994; Donato et al., 2019). 
 
Relationships between cultural management and 
enzymatic activity 
It is noteworthy that, in general, the physical and 
chemical factors of the soil did not show significant 
variations among the treatments, except for OM and N, 
unlike what was observed for β-glucosidase activity. This 
result agrees with the studies by Mendes et al. (2021), 
Santos et al. (2022), and Soares et al. (2023), which 
suggest that enzymatic activity can be a more sensitive  

 
indicator for analysis in this context. This is due to the 
complexity of soil responses to herbicide use, especially 
when considering the rhizosphere environment, which 
hosts an abundant microbial community that is both 
influenced by and influences the soil characteristics and 
interactions with plants (Zobioli et al., 2011 Tejada et al., 
2017; Jiang et al., 2017). 
The presence of herbicides in agricultural systems can 
either provide benefits or antagonisms to 
microorganisms, influencing the production of enzymes 
to a greater or lesser extent. Hu et al. (2019) identified 
significant effects of fomesafen on soybeans in pots, with 
a reduction in soil microbial activity and alteration of its 
composition and functional diversity. Additionally, there 
was a long-term negative effect on the abundance of 
nitrogen-fixing bacteria. 
In the same study, Hu et al. (2019) identified a decrease 
in urease and invertase enzyme activity at 30 days, 
although microbial activity did not cease but likely 
experienced selection pressure. Fomesafen and other 
agrochemicals (e.g., insecticides, fungicides, and 
fertilizers) likely exert selection pressure on the 
established microbial community, followed by rapid 
subsequent growth (15 days after aplication) and 
recovery of microbial and enzymatic activities. This is a 
process of ecological succession that allows the 
recolonization of microorganisms with the degradation of 
agrochemicals into less toxic chemical species, even 
serving as substrates for other microorganisms (Li et al., 
2023). Herbicides can be degraded by abiotic factors 
(usually chemistry or light action - photodegradation) 
and microbial activity (or biodegradation). Regardless of 
the origin, chemical reactions occur (hydrolysis, 
oxidation, reduction, etc.) resulting in non-toxic forms of 
the original molecule, or even in its complete 
mineralization, with final products such as carbon 
dioxide (CO2), water (H2O), ammonia (NH3), and 
inorganic ions (Correia, 2018). 
Similarly, Hu et al. (2019) identified negative effects on 
invertase activity, an enzyme active in the final stages of  
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Table 4. Analysis of the breakdown of the interaction of herbicide with the amount of straw on β-glucosidase activity in 
the soil. 

30 days after emergence  

Herbicide 
Straw Amount (t ha-1)  

 1  5  10  F 
With 19.27Ba 23.86Ba 22.67Ba 57.74Aa 20.81** 
No 17.95Ba 18.23Bb 15.75Ba 37.34Ab 43.89** 
F 0.12ns 16.52** 3.25ns 28.16**  

60 days after emergence  

Herbicide 
Straw Amount (t ha-1)  
0  1  5  10  F 

With 137.67Ca 127.80Ca 163.02Ba 233.07Aa 27.04** 
No 80.67Bb 96.24Bb 94.63Bb 173.92Ab 28.00** 
F 24.57** 94.11** 35.37** 26.46**  

Means followed by different letters, uppercase in the row and lowercase in the column, differ according to Tukey's test at 
the 5% probability level. 
 
the carbon cycle, acting on low-complexity molecules. In 
contrast, this study observed that the presence of the 
herbicide led to a 74.16 µg p-nitrophenol g−1 soil h−1 
increase in β-glucosidase activity compared to herbicide-
free treatments. The ability of an enzyme to degrade 
specific molecules is related to the complexity of the 
substrate. For example, the invertase enzyme acts to 
break the glycosidic bond between sugars in sucrose, 
releasing glucose and fructose, which are simpler forms 
of sugars (Sardans et al., 2008; Manoochehri et al., 2020; 
Sun et al., 2023). This means that invertase requires the 
action of precursor enzymes like β-glucosidase, which 
acts in the process of breaking down more complex 
substrates (cellulose, flavonoids, lactoses), making them 
available for invertase action. 
The increase in β-glucosidase activity in this experiment 
can be justified by the ability of selected microorganisms 
by herbicides to degrade complex molecules, which are 
then used as substrates (Huang et al., 2017). Therefore, it 
enhances soil enzymatic activity, specifically for β-
glucosidase, which acts on the breakdown of 
oligosaccharides, structures of greater complexity. Thus, 
the assessment of this enzyme has become promising for 
diagnosing changes in management in agricultural 
systems. Studies conducted by Mendes et al. (2017, 2018) 
in soybean cultivation areas with no-tillage (NT) and 
conventional tillage (CT) systems presented the same 
dynamics described, with an impact on yield reduction of 
approximately 30 sc ha-1 from NT to CT management 
(Mendes et al., 2018). 
The traditional soil assessment involving physical and 
chemical parameters may become insufficient to verify 
soil health (Mendes et al., 2017, 2018), where less 
discrepant variations (Tables 2 and 3) are determined 
and significantly affect soil enzymatic activity, making it a  
 
more sensitive and determinant proxy for productivity. In 
this study, enzymatic activity presents values indicative 
of healthy soil when crop residues are incorporated into 
the system (values above 110 µg p-nitrophenol g−1 soil 
h−1), while soils without residues and with the crop show 
moderate values according to the indices of Mendes et al. 
(2017; 2021). 
The enzymes found in soil, such as β-glucosidase, are 
important for indicating changes in the environment 

(Santos et al., 2022; Carneiro et al., 2024). They serve as 
soil indicators because they are associated with the non-
living fraction of the soil, being adsorbed onto clay 
particles and organic matter (Dick; Burns, 2011; 
Wallenstein; Burns, 2011). Therefore, soil capable of 
storing and stabilizing organic material has better 
conditions to protect the enzyme, shielding it from 
protease actions and denaturation (Hojjati & 
Nourbakhsh, 2007; Lin et al., 2014; Zhao et al., 2019, 
Khosrozadeh & Nourbakhsh, 2022). The reflection of this 
can be observed in the biometric variables of the beans 
and in productivity, where increased straw amount and 
herbicide application provided significant enhancement 
(Table 6). 
 
Common-bean variables response 
The presence of crop residues in bean cultivation plays a 
crucial role in its development and optimization of 
agricultural production, as demonstrated in various 
studies (Aires et al., 2019; D’Amico-Damião et al., 2020; 
de Oliveira-Araújo et al., 2024). Crop residues act as a 
protective layer on the soil, helping to maintain adequate 
moisture and reducing excessive evaporation, especially 
in hot and dry climates (Thorburn et al., 2017). This is 
essential for beans, as water is crucial for healthy plant 
growth, especially during flowering and pod formation 
periods (Mingotte et al., 2018). Additionally, the presence 
of crop residues in the soil helps suppress weed growth, 
providing a more favorable environment for bean plant 
development without competition for essential resources 
such as nutrients and water (Concenço et al., 2017; 
Mingotte et al., 2018). 
In this study, crop residues directly influenced the 
development of the aboveground part of the bean plant 
(leaf number, stem dry matter, shoot dry matter, and leaf 
area), suggesting that the presence of crop residues in 
maintaining the microclimate results in a benefit for plant 
development and greater leaf area, allowing for a larger 
area for photosynthesis. This translates into a greater 
production of carbohydrates, which in turn sustain pod 
growth and leaf development (Galdos et al., 2009 and 
Trivelin et al., 2013). 
Furthermore, crop residues contribute to improving soil 
structure over time by promoting biological activity and 
increasing nutrient availability for plants. This is  
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Table 5. Leaf area (LA), number of pods (NP), dry mass of pods (DMP), dry mass of leaves (DML), dry mass of stems (DMS), 
at 60 DAE and productivity of the BRS-FC104 bean subjected to different amounts of residues with and without the 
application of fomesafen. 

Factors LA NP DMP DML DMS Yield 
Herbicide cm2 - g plant-1 kg ha-1 
With 854.37a 37.31a 19.55a 5.23a 6.77a 1108.07a 
No 709.12a 32.87a 20.81a 5.07a 6.25a 936.63b 
Straw (t ha-1)       
0 562.68b 22.87b 16.16a 3.22b 3.48b 683.81c 
1 673.87b 36.75a 21.85a 5.24a 7.15a 1009.24b 
5 838.75a 39.87a 21.20a 5.27a 7.18a 1104.04a 
10 1051.67a 40.87a 21.09a 6.88a 8.22a 1292.30a 
Causes of variation 
Fherbicide 3.92ns 1.49ns 0.42ns 0.07ns 0.44ns 5.87* 
Fstraw 8.40** 5.26** 1.53ns 5.82** 6.78** 12.94** 
Finteraction 1.60ns 1.09ns 2.83ns 1.08ns 3.08ns 0.85ns 
CV (%) 26.55 29.29 27.20 34.11 34.69 19.57 

Means followed by the same letter do not differ by Tukey's test at a 5% probability level. * and ** = Significant at the 5% and 
1% probability levels by the F test. ns= Not significant by the F test. CV(%) = Coefficient of variation. 
 
particularly important for the efficient absorption of 
essential nutrients such as nitrogen, phosphorus, and 
potassium, which play a fundamental role in bean plant 
growth and productivity (Simarmata et al., 2023; Silva et 
al., 2022). The gradual decomposition of crop residues 
also releases nutrients into the soil, creating a continuous 
nutrient cycle that benefits plants throughout the entire 
growing season (Cherubin et al., 2018; Junior et al., 2018). 
In addition to the influence on the structures, 
productivity was significantly influenced by increased 
crop residues, with an approximate increase of 326, 421, 
and 608 kg ha-1 (1, 5, and 10 t ha-1, respectively) 
compared to the treatment without crop residues. Similar 
results were observed by some authors when beans were  
cultivated under maize + sunn hemp residue (D’Amico-
Damião et al., 2020), sunn hemp, velvet bean, and pigeon 
pea residues (Araújo et al., 2024), rice straw (Ahmed et 
al., 2020), brachiaria (Urochloa ruziziensis), and maize 
residues (Cunha-Chiamolera et al., 2022), which 
influenced a better crop development and consequently 
higher grain productivity. 
Some studies (Takano et al., 2015; Mancuso et al., 2016; 
Schmitt et al., 2019) report a reduction in bean 
productivity when subjected to fomesafen application. 
However, in this study, the results show the opposite, 
with higher productivity in treatments where the 
herbicide was applied. It can be inferred that this result is 
linked to the presence of crop residues because, when 
considering the crop residue factor, plants in treatments 
with crop residue presence show higher values compared 
to the treatment without crop residues, with gains of 
36.7%, 38.06%, and 50.56% for increasing amounts of 
crop residue (1, 5, and 10 t ha-1), respectively, compared 
to the control. 
 
Materials and methods 
 
Characterization of the study area 
The experiment was conducted in the experimental area 
of FCAV/UNESP from May to August 2022. This area (-
48.301905 -21.246705) is located at an altitude of 594 m 
in the city of Jaboticabal, SP. 

 
At the time of the experiment installation, soil samples 
were taken from 0-20 cm for routine chemical and 
physical analyses (Table 1). According to the analysis, the 
values for M.O. (organic matter), P (phosphorus), Ca²⁺ 
(calcium), Mg²⁺ (magnesium), H+Al (hydrogen + 
aluminum), SB (sum of bases), and CEC (cation exchange 
capacity) are very good, with only the values for pH, K⁺ 
(potassium), and V% (base saturation) being below what 
is prescribed in Bulletin 100 for bean cultivation (Table 
7). 
The climate of the region, according to Alvarez 
classification (2014), is type Cwa, subtropical, dry in 
winter, with summer rains, presenting an average annual 
temperature of 22.7°C and average precipitation of 1353 
mm. Additionally, during the experiment, rainfall data, 
maximum, minimum, and average temperatures, as well 
as humidity, were recorded (Figure 3).  
 
Experimental design 
The treatments were arranged as follows: 1) No straw, no 
herbicide application; 2) 1 t ha-1 straw, no herbicide 
application; 3) 5 t ha-1 straw, no herbicide application; 4) 
10 t ha-1 straw, no herbicide application; 5) No straw, with 
herbicide application; 6) 1 t ha-1 straw, with herbicide 
application; 7) 5 t ha-1 straw, with herbicide application; 
8) 10 t ha-1 straw, with herbicide application. 
In all treatments, the deposition of residue was done 
manually, as the study area was in fallow. Thus, the 
residue was collected after the sugarcane cutting in 
nearby regions and brought to the experiment for 
distribution. 
The experimental design was a randomized complete 
block design, in a 4x2 factorial system, with four 
replications. The factors were straw presence (0, 1, 5, and 
10 t ha-1) and two types of herbicide application (with and 
without application), totaling 8 experimental treatments 
and 32 plots.  
 
Planning and structuring of the experiment 
The BRS FC104 cultivar chosen for the study is currently 
the first super-early cultivar on the market. This cultivar  
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Table 6. Summary of the interactions of the chemical and physical soil variables obtained in this study. 

Variable Correlation Interpretation Overall effect 

K e Ca Strong + A higher potassium content induces greater calcium 
availability in the soil. 

+ 

Ca, SB e Mg Strong + It indicates that these elements are interrelated and that 
a change in the concentration of one of them can affect 
the others. 

+ 

Mg, V% e 
CTC 

Strong + Mg is an important element for soil base saturation 
(V%). V% and CEC are indicators of the soil's ability to 
retain or make nutrients available to the plant. 

+ 

pH e M.O: 
 

Strong - It indicates that soils with lower pH (more acidic) 
generally have lower organic matter content. Organic 
matter is important for soil fertility as it provides 
nutrients and improves soil structure. 

+ 

pH e Al Strong - It indicates that soils with lower pH (more acidic) 
generally have higher aluminum (Al) content. 
Aluminum is a toxic element for plants at high 
concentrations. 

- 

                 Source: Batista et al. (2018). 
 

Table 7. Physical and chemical characteristics of a composite soil sample extracted from the 0-20 cm depth layer in the 
experimental area. 

pH  
(CaCl2) 

O.M. 
g.dm-3 

P 
resina  

S K Ca Mg H+Al SB CTC V% 

mg.dm-3 mmolc.dm-3  
4.2 11 63 10 2.2 11 5 31 18.9 49.3 37 

Clay (%) Silt (%) Sand (%) Textural class 
57 7 46.0 Mean 

has a cycle of approximately 65 days from sowing to grain 
production (EMBRAPA, 2018). 
Each plot had an area of 11.25 m2, where the 'BRS FC104' 
beans were sown in 5 rows spaced 0.45 m apart, each row 
being 5 m long. The useful area was 5.4 m2, with the three 
central rows (1.35 m) being 4 m long each. Seeding was 
performed by depositing 13 seeds per meter, with 
fertilization equivalent to 300 kg ha-1 of the 4-14-8 
formulation. 
The sugarcane straw collected in the region of 
Jaboticabal-SP was transported to the study area, where 
it was deposited in the plots in quantities equivalent to 1, 
5, and 10 t ha-1 (1.25; 6.25; and 12.50 kg.m2). An overhead 
irrigation system was installed in the area, which was 
activated every two days, running for a duration of 50 
minutes, corresponding to 30 mm of water. 
 
Soil chemistry 
For soil chemical analysis, samples were collected at 60 
days after emergence (DAE) and sent to a specialized 
laboratory for pH, organic matter (OM), nitrogen (N), 
phosphorus (P), potassium (K+), sulfur (S), calcium (Ca²+),  
magnesium (Mg²+), aluminum (Al), potential acidity 
(H+Al), sum of bases (SB), cation exchange capacity 
(CEC), and base saturation (V%) analysis. 
 
Beta-glucosidase activity 
Soil samples collected at 30 and 60 DAE were stored in a 
dark and well-ventilated area until analysis. To determine 
β-glucosidase activity, the soil sample was sieved using a 
4 mm sieve, removing any roots, plant tissues, and other 
coarse organic materials that could interfere with the 

analysis. Subsequently, 1 g of each soil sample was 
weighed and placed in a test tube. To each tube, 4 mL of 
modified universal buffer (MUB) pH 6.0 and 1 mL of p-
nitrophenyl-β-D-glucopyranoside (PNG) (Sigma-Aldrich) 
were added to all tubes (except the controls). This 
material was incubated for one hour at 37°C with rubber 
stoppers. After this period, 1 mL of 0.5 M CaCl2, 4 mL of 
THAM pH 12.0, and 1 mL of PNG (only in the controls) 
were added. The samples were then filtered through 
Whatman No. 2 filter paper, and the absorbance was read 
at 420 nm using a spectrophotometer (Mendes et al., 
2019). 
 
Leaf area and dry matter  
Leaf area index (LAI) evaluations of the bean plants were 
conducted at 60 days. At 60 DAE, four plants were 
collected and taken to the laboratory, where leaves, 
stems, and pods were separated. Leaf area (LA) was 
determined using a leaf area meter (LI 3000A, LiCor), and 
the pods were counted (NP). After measurements, plant 
parts were dried in a forced-air oven at 60°C until 
constant weight to determine the dry mass of leaves 
(DMF), pods (DMP), and stems (DMS). 
 
Yield 
At harvest (72 DAE), production components were 
determined. For grain yield estimation, expressed in kg 
ha-1, plants from the three central rows of each plot were 
harvested. 
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Data analysis 
To check the normality of the data, a Shapiro-Wilk test 
was used, and for homogeneity of variances, a Levene test 
was employed. The corrplot package was utilized for 
determining the correlation between soil variables. The 
principal component analysis (PCA) was conducted using 
the factoextra, devtools, and FactoMineR packages. 
Statistical differences were considered at a significance 
level of 95% (α=0.05), using R software (version 4.1.1) (R 
Core Team, 2023). 
To assess the difference between factors in the variables 
β-glucosidase, AF (leaf area), MSV (dry pod weight), NV 
(number of pods), MSF (Dry Leaf Mass), MSC (Dry Stem 
Mass), and productivity, normality and homoscedasticity 
were tested first, followed by analysis of variance (F-test) 
at a 5% significance level. When significance was found 
by the F-test, treatment means were compared using 
Tukey's test at a 5% significance level. 
 
Conclusion 
 
In conclusion, in fallow areas: 1) The addition of crop 
residues improves soil quality and increases bean 
productivity; 2) The application of fomesafen does not 
impact soil dynamics; 3) Soil chemical, physical, and 
biological variables show poorer conditions in 
treatments without crop residues, regardless of herbicide 
application; 4) Enzymatic activity (β-glucosidase) is 
higher in the interaction of crop residues and plants, 
responding better to soil dynamics when compared to 
physical and chemical variables and resulting in higher 
bean productivity. 
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