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Abstract 
The objective of this work was to evaluate the effect of the application of cassava wastewater in the production 
of dry mass of the spontaneous vegetation and in the physical and chemical attributes of a Dystrocohesive 
Yellow Oxisol submitted to intensive mechanical preparation in the Bahia Recôncavo. The experimental design 
was a 2 × 2 factorial scheme in 4 randomized blocks, the bands consisting of the intensity of the mechanical 
preparation of plowing followed by sorting: T0: without preparation; T1: 4 preparations; T2: 8 preparations and 
T3: 12 preparations; the first factor is the presence of cassava wastewater: M-with cassava wastewater; W-only 
water and the second factor presence or not of vegetation: CV-with vegetation and SV-without vegetation. The 
results of the analysis of soil attributes in the depth of 0.0-0.15 m showed that the pH, saturation by base (V%), 
macroporosity (Ma) and total porosity (TP) decreased linearly with the increase of the intensity of the 
mechanical preparation, however soil density (SD) increased. The application of cassava wastewater reduced the 
resistance to penetration (PR), pH and Ca2+ and V% of the soil and increased the dry mass productivity of the 
spontaneous vegetation and the contents of phosphor.  

Keywords: conventional preparation, organic waste, soil recovery 

1. Introduction 
Agricultural and livestock systems, based on intensive mechanical preparation, excessive use of fertilizers, 
irrigation with low quality water, application of pesticides and animal trampling, together with disorderly urban 
development and mineral exploration are the main anthropogenic causes of soil degradation in Brazil (Blanco & 
Lal, 2010). 
The conventional system of agricultural production is characterized by the intensive mechanical preparation of 
the soil, which results in the reduction of the average size and the stability of the aggregates in the mobilized 
layer; reduction of organic matter content; reduction of porosity; increased soil density and resistance to root 
penetration; decreased water infiltration; increased runoff and erosion (Assis & Lanças, 2010; Lourente et al., 
2011; Hickmann, Costa, Schaefer, & Fernandes, 2011; Vezzani & Mielniczuk, 2011; Portella, Guimarães, Feller, 
Fonseca, & Tavares Filho, 2012).  

Other consequences of conventional agricultural production systems are related to soil chemical attributes, as 
they promote changes in cation exchange capacity, pH and ion dynamics (Falleiro et al., 2003). In this context, 
soils impacted by intensive use, with the passage of time tends to lose nutrient contents by leaching (Bertol, 
Schick, Massariol, Reis, & Dilly, 2000; Costa, Albuquerque, Bayer, Fontoura, & Wobeto, 2003; Gatiboni et al., 
2003; Kibblewhit, Ritz, & Swift, 2007).  

Recovering degraded soils is not an easy process. In this sense, few studies address methods for recovering soil 
sustainably via use of organic waste (Medina et al., 2015), such as organic sludge, residual corn biomass and 
shredded cotton residues, to increase recalcitrant organic matter, improve porosity and soil aggregate stability 
(Tejada & Gonzales, 2003; Lynch, Voroney, & Warman, 2006; Chiochetta et al., 2015). 
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In addition to these residual biomasses, studies have shown that liquid organic biomass, such as vinasse from the 
processing of sugarcane, and cassava wastewater (manipueira) promote the improvement of the chemical and 
physical attributes of the soil (Mélo, Ferreira, Ruiz, Matos, & Oliveira, 2005; Da Silva Júnior et al., 2012; Da 
Silva, Bono, & Pereira, 2014).  

The cassava wastewater is a liquid residue of milky aspect and light-yellow color, obtained from the pressing of 
cassava roots (Manihot esculenta Crantz) for the production of starch or flour. Such residue presents great 
potentialof use as agricultural fertilizer (Ponte, 2006; Magalhães et al., 2014), because it presents high organic 
load and high concentration of nutrients, mainly K+, Mg2+, N and P (Cardoso et al., 2009; Duarte et al., 2013). 

Neves et al. (2014), a study of the residue of a flour mill industry in the region of Vitória da Conquista in Bahia, 
found a composition of 201.5 mg L-1 de phosphorus, 4.044,0 mg L-1 of potassium, 29.5 mg L-1 of calcium, 288.4 
mg L-1 of magnesium and 22.7 mg L-1 sulfur. Ferreira, Botelho, Cardoso, and Poltronieri (2001), and Duarte et al. 
(2013) also found a similar composition.  

Due to this rich composition, some studies have demonstrated positive effects of cassava wastewater in the 
productivity of crops such as lettuce, corn, banana and tomato (Nasu, Pires, Fermentini, & Furlanetto, 2010; 
Santos et al., 2010; Da Silva Júnior et al., 2012; Ferreira, Ferreira, Araujo, & Oliveira, 2012), as well as on soil 
attributes, such as increase in P, K+, Ca2+, Mg2+, Na+ exchangeable, CEC, V% and flocculation levels. It also 
promoted positive effects on physical attributes: soil particle density and porosity, as well as the increase in pH, 
when used in small doses (Mélo et al., 2005; Da Silva Júnior et al., 2012; Duarte et al., 2013).  

Despite its advantages, the cassava wastewater is still one of the many industrial wastes improperly disposed of 
in the environment. The flour houses generate significant quantities of cassava wastewater, reaching a minimum 
volume of 250 liters per ton of processed root (Ferreira et al., 2001). As a result of its chemical composition, 
organic load and difficult disposal management, if it is incorrectly discarded the cassava wastewater can cause 
serious damages to the environment and to the well being of the population, polluting the soil, air, surface water, 
underground and causing problems of bad odors (De Araújo et al., 2014; Magalhães et al., 2014; Souza, Oliveira, 
Cavagis, & Botero, 2014).  

Considering the hypothesis that the use of cassava wastewater in degraded areas can be an alternative both for 
the improvement of physical and chemical attributes of these areas, and for the adequate final disposal of this 
residue. The objective of this work was to evaluate the effect of the application of cassava wastewater in the 
production of dry mass of the spontaneous vegetation and the physical and chemical attributes of a 
Dystrocohesive Yellow Oxisol submitted to intensive mechanical preparation in the Bahia Recôncavo, Brazil. 

2. Material and Methods 
2.1 Characterization of the Area 

The study was conducted in the area of Experimental Farm I, located at the Federal University of Recôncavo of 
Bahia (UFRB), Cruz das Almas campus, in the RecôncavoBaiano region, Brazil, located at coordinates: 
12º39′22.9″ S and 39º04′59.36″ W, at an altitude of 212 m. The soil of the experiment area was classified as a 
DystrocohesiveYellow Oxisol.  

The local climate is characterized as warm and humid tropical with dry season in the summer, type as according 
to the classification of Köpeen with average annual rainfall of 1,131.2 mm, average annual temperature of 23.9 
oC and relative humidity of 81% (Embrapa, 2016).  

In a period of 90 days, from the emergency to the collection of spontaneous vegetation, the Embrapa Cassava 
and Fruit Meteorological Station registered a minimum temperature of 18.09 ºC, average of 22.10 ºC and 
maximum of 26.70 ºC. The relative humidity was 85.03% and mean rainfall was 3.5 mm. The precipitation 
recorded during 20 days after the application of cassava wastewater was above average and is shown in Figure 1. 
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Table 1. Chemical composition of cassava wastewater used in the experiment 

pH B Cu Ca S Fe P2O5 Mg Mn N K2O Zn 

 ------------------------------------------------------------ mg L-1 ------------------------------------------------------------ 

4.42 990 750 220 1940 1140 270 160 190 1900 3000 220 

 

2.4 Soil Collecting and Analysis 

Non-formed soil samples were collected at a depth of 0.0-0.15 m and the following physical attributes were 
evaluated: soil penetration resistance (PR): determined for a soil water potential of 100 kPa and submitted to the 
bench model penetrometer MA 933; hydraulic conductivity of the saturated soil (K0): determined in the 
laboratory by the constant charge permeameter method; macroporosity (Ma), microporosity (Mi), total porosity 
(TP) and soil density (SD) determined by the methods described by Teixeira et al. (2017).  

With the deformed samples the following indices were determined: the flocculation index (FI) obtained by the 
relation between total clay and dispersed clay in water, the sedimentation time of the sample being determined 
by Stokes’ Law (Stokes, 1851) and clay determined by the pipette method and determination of the stability of 
the aggregates that was performed by means of the wet sieving according to Yoder (1936) expressed by means of 
the geometric average diameter of the aggregates (GAD) and the weighted average diameter (WAD) as described 
by Donagema et al. (2011).  

The chemical attributes evaluated were pH, calcium (Ca2+), magnesium (Mg2+), exchangeable potassium (K+), 
available phosphorus (P), sodium (Na+), potencial acidity (H+Al), effective cation exchange capacity (CECt), 
potential cation exchange capacity (CECT), base sum (BS), base saturation (V%), organic matter (OM) and 
exchangeable aluminum (Al) (P. C. Teixeira, Donagema, Fontana, & W. G. Teixeira, 2017).  

2.5 Collection of Vegetation 

At 90 days after the application of cassava wastewater, spontaneous vegetation was sampled using square plots 
of 0.25 m² in five replications per treatment. The plants were cut to the height of the base, separated, identified 
and packaged in paper bags for further determination of dry matter yield. The mass of the dry matter was 
obtained after drying the samples in a forced air oven at 65 ºC for 48 hours. 

2.6 Statistical Analysis 

The statistical method used was based on univariate and multivariate analyzes. The univariate analysis was done 
using the Statistical software version 7.0 (Statsoft, 2004). The observed values of the attributes were submitted to 
analysis of variance, according to a randomized block design, and the significant effects were compared through 
the Tukey test at 5% probability. Thus, the means of the dry mass produced by the spontaneous vegetation in 
each treatment of mechanical preparation were compared, as well as the general averages of the physical and 
chemical attributes of the soil in the treatment of cassava wastewater and vegetation in the plots, distinguishing 
the joint and isolated effect of treatments.  

The multivariate analysis was done with the help of SPSS software (Statistical Package for Social Sciences) 
version 25.0 and had as purpose to distinguish the effects of the presence or absence of cassava wastewaterin the 
physical and chemical attributes of the soil under the treatments of mechanical preparation. The 
Kaiser-Meyer-Olkin criterion (KMO) and Bartlett's sphericity test were used to analyze if the data can be 
submitted to the factorial analysis process, being considered acceptable the values assigned to the variables in the 
range (Table 1). The results obtained in this study are similar to those of the Bartlett sphericity test, with a 
significance level of p < 0.05, indicating that the matrix is factorizable (Sass & Schmitt, 2010; Hair, Anderson, 
Tatham & Black, 2005; Tabachnick & Fidell, 2007). Thus, exploratory factorial analysis (AFE) and principal 
component analysis (PCA) were performed to reduce the set of soil attributes to the smallest number of 
explanatory variables (Widaman, 2007). The separation between the mechanical staging treatments and the 
cassava wastewater effect was performed using the set of attributes selected through Fisher's linear discriminant 
analysis (DA).  

For PCA, only the main components (MCs) were used as eigenvalues greater than 1, since they are sufficient to 
explain most of the variation in the data set, according to the criterion suggested by Kaiser (1958). For graphical 
confirmation of MCs, the graphic method called the scree plot test or the Cattell test (Hair et al., 2005) was used. 
The summaries of the MCs were configured by the representation of eigenvalues and eigenvectors.  
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3. Results and Discussion 
3.1 Univariate Analysis 

The addition of the cassava wastewater in the soil interfered significantly in the production of dry mass of the 
spontaneous vegetation (Table 2). In the plots where the application of cassava wastewater occurred, the 
productivity of dry mass of the vegetation was significantly higher than in the plots where there was no 
application, thus confirming its potential as a supplier of nutrients for the plants (Duarte et al., 2013; Magalhães 
et al., 2014; Souza et al., 2014) the results are presented in Table 1. 

There was also a significant difference in the production of dry mass of the spontaneous vegetation within the 
treatments with mechanical preparation, and the treatments with 4 and 8 treatments presented the highest dry 
mass production and the treatments without preparation and with 12 preparations the smaller amount. 

 

Table 2. Production of dry mass of spontaneous vegetation in the treatments of mechanical preparation with 
plowing + sorting on a yellow oxisol 

Treatments Whit cassava wastewater Whitout cassava wastewater 

 ------------------------------------- g m-2 ------------------------------------- 

T0 518.60 Ab 265.86 Bb 

T1 784.26 Aa 648.73 Ba 

T2 955.33 Aa 527.06 Ba 

T3 503.20 Ab 220.80 Bb 

Note. Averages followed by the same letter, upper case and lower case in the column, do not differ from each 
other by the Tukey test at 5% probability. 

 

Non-tillage may have hindered the growth of other species in the treatment without preparation, due to the 
historical predominance of Brachiaria decumbens Stapf. in the area, resulting in the least amount of dry mass in 
it. This condition may be associated to the allelopathic effects that forage of the genus Brachiaria possess, thus 
inhibiting the germination and development of other species (Rodrigues, Laura, Pereira, & Deiss, 2012; Souza 
Filho, Pereira, & Bayma, 2005). In the treatments with 4 and 8 mechanical preparations, the movement and the 
consequent exposure of the seed bank for the preparation and the addition of cassava wastewater and water 
contributed to the development of the plants. However, with 12 treatments, there was a decrease in the dry matter 
production of the spontaneous vegetation, which may be related to the unfavorable soil conditions generated by 
the slight decrease in pH and organic matter content (Figures 3 and 4).  

The general averages of the physical attributes of the soil in relation to the vegetation and the application of 
cassava wastewater are shown in table 3. According to the same the treatments promoted a significant difference 
only for the hydraulic conductivity of the saturated soil (Ko) and macroporosity (Ma). 

The highest value of Ma was found in the plots where the cassava wastewater was applied, with the vegetation 
maintenance (MCV = 0.28 m³ m-³) and the lowest value in the plots with the cassava wastewaterwithout 
vegetation (MSV = 0.25 m³ m-³). However, these values did not differ significantly from the plots where there 
was no application of cassava wastewater. The tendency of higher Ma values in the plots with maintenance and 
vegetation may be related to the contribution of cassava wastewateras a source of nutrients for the vegetation, 
thus helping in the root development, which may have promoted an indirect effect in the tendency to increase 
Ma.  
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Table 4. Chemical attributes of a yellow oxisol after mechanical preparation of plowing + harrowing in relation 
to the application of cassava wastewater and the presence of vegetation 

Tratments pH P K+ Ca²+ Mg²+ H+Al BS CEC(t) CEC(T) OM V 

  ------- mg dm-³ ------- -------------------------- cmol(c)dm-³ -------------------------- --------- % ---------

WSV 6.23 AB 2.80 AB 18.57 AB 2.12 A 1.07 A 1.27 A 3.23 A 3.23 A 4.50 A 1.41 A 71.89 A

WCV 6.32 A 2.25 B 15.24 B 2.05 A 1.17 A 1.21 A 3.23 A 3.23 A 4.44 A 1.43 A 72.49 A

MSV 6.00 C 3.44 A 17.59 B 1.92 A 1.21 A 1.24 A 3.18 A 3.18 A 4.42 A 1.24 A 71.52 A

MCV 6.13 BC 2.70 B 23.65 A 1.87 A 1.08 A 1.11 A 3.01 A 3.01 A 4.12 A 1.51 A 72.64 A

CV (%) 3.04 29.40 37.35 15.26 23.02 24.69 15.14 15.14 13.05 39.71 7.52 

Note. WSV = Without manure and vegetation; WCV = Without cassava wastewater and with vegetation; MSV = 
With cassava wastewater and without vegetation; MCV = With cassava wastewater and vegetation; BS = Sum of 
bases; CEC (t) = Effective cation exchange capacity; CEC (T) = Potential cation exchange capacity; OM = 
organic matter; V = Base Saturation. No levels of Al3+ were found * Averages followed by the same letter in the 
column do not differ among themselves by the Tukey test at 5% probability. 

 

In general, the pH values (Table 4) are between the limit of medium to weak acidity (Ribeiro, Alvarez, & 
Guimarães, 1999). Soil pH decreased in the plots where the cassava wastewater was applied (Figure 4). This 
result may be associated with the low pH of the applied manure (pH = 4.42), due to the organic acids present in 
it. A similar effect was also observed by Cardoso et al. (2009), when applying to the soil the cassava wastewater 
(pH = 3.6). In relation to the intensification of the preparation, the reduction of soil pH can be related to the 
accelerated decomposition of the organic matter, promoted by the intensification of the preparation (Figure 3), 
which releases organic acids in the soil (Pavinato & Rosolem, 2008) which can also explain the isolated effect of 
vegetation on the pH, with the lowest values being found in the unplanted plots, ie, where the soil is not covered, 
conditions where the organic matter decomposition is higher (Figure 5).  

Another effect of the cassava wastewater application was the reduction of Ca2+ contents. This condition can be 
attributed to the large amount of K+ supplied by the cassava wastewater, which may have replaced the Ca2+ on 
the exchange surface of the mineral particles, displacing it to the soil solution, where it reacted with the SO4

2- 
also supplied by the cassava wastewater (Table 1), forming a neutral molecule, calcium sulphate, easily 
leachable (Sousa, Miranda, & Oliveira, 2007; Santi et al., 2012).  

Within the general averages of the treatments, the highest levels of P were observed in the plots without 
vegetation, according to Table 4 (WSV = 2.80 and MSV = 3.44 mg dm-³), as well as in the isolated effect of the 
presence of vegetation on such element (Figure 5). This behavior may have occurred due to the fact that the 
succession plants extracted this nutrient available in the soil, since it was in small quantity (Cain, Bowman, & 
Hacker, 2018).  

The effect of the intensification of the preparation on the content of P was variable, increased between 0 and 4 
treatments, and decreased from this until the maximum preparation of 12, with significant effects between them. 
This behavior may be related to the reduction of soil organic matter (OM) with the intensification of the 
preparation (Figure 3), so that, in principle, soil rotation incorporates the biomass present on the soil surface. 
However, the intensification of the preparation strongly accelerated such decomposition, reducing the OM 
content and, consequently, the P contents. Similar effects of OM loss with intensive soil preparation were also 
observed by Bayer, Mielniczuk, and Martin-Neto (2000), and Bertol et al. (2004).  
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