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ABSTRACT 
 

This experiment was carried out in the Arenito soil of the Cidade Gaúcha county, Northwest Paraná in Brazil, in 
which 0, 150, 300, 450 and 600 m3 ha-1 of wastewater were applied onto soil  and the crop yield and soil chemistry 
were investigated for lopsided oat (Avena strigosa Schreb.) plants. The crop yield from the control was 2818 kg ha-1 
contrasting 3629 kg ha-1 when 300 m3 ha-1 of cassava wastewater were applied, and potassium, after haversting, 
was the only nutrient found in a higher concentration in the soil profile. 
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INTRODUCTION 
 
Data from the FAO (2004) show that the world 
production of cassava tuberous roots has 
increased, especially in the African countries, 
where the crop is the main energy source for a 
large part of the population. In 1970, cassava 
tuberous root production was 96.9 million tons and 
in 2002, it reached 184.7 million tons, with a 
90.6% increase in the 32 year period in the World. 
In Brazil, the total production of cassava roots in 
the 2004/2005 was 27.66 million tons in an area of 
1.94 million hectares, with an average yield of 
14.25 t ha-1 Paraná State presented a production of 
4.18 million tons in an area of 205 thousand 
hectares with an average yield of 20.37 t ha-1 
(Sangrilo et al., 2006) being the highest index in 
Brazil. This is still low considering the cassava 
productivity potential (Sagrilo et al., 2002). The 

idea is not new of using industrial effluents as a 
complementary source of water and nutrients for 
fertirrigation, and the study of alternatives of using 
nutrients derived from effluents.  
Freitas et al. (2004) assessed the effect of applying 
four depths of wastewater from swine activities in 
the production of corn for silage.  
The treatments consisted of applying depths 
proportional to the evotranspiration of the 
reference crop (ET0) 0.5, 1.0, 1.5 and 2.0. 
Wastewater application resulted in a 51% yield 
increase compared to the control. It was observed 
that the potassium concentration increased after 
the application. 
Paula et al. (1999) assessed vinasse as potassium 
source for a pineapple crop and its effect on the 
chemical characteristics of the soil. The treatments 
consisted of four levels of vinasse 0, 100, 200 and 
400 m3 ha-1. An increase in potassium 
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concentration was detected in the 0.00-0.20m and 
0.20-0.40m layers. 
The objective of this study was to assess the 
influence of applying different levels of 
wastewater from a cassava industry on lopsided 
oat production, and its residual effect on the soil 
chemical properties. 
 
 
MATERIAL AND METHODS 
 
The experiment was carried out on the Campus do 
Arenito – Maringá State University, Cidade 
Gaúcha county, latitude 23°22'30'' South, 
longitude 52°56'00'' West and average altitude of 
404m. The soil is classified as Dystrophic Red 
Latosol, derived from Caiuã sandstone. 
 
 

Soil fertility analysis 
To assess the soil fertility, samples of soil were 
removed before sowing and after cutting from four 
depths, 0.00-0.05m; 0.05-0.10m; 0.10-0.20m and 
0.20-0.40m in a total of 160 samples.  
The soil was sampled after harvest to assess the 
residual effect of applying wastewater from a 
cassava industry on the soil fertility. 
The lopsided oats were cut and soil samples were 
collected, as carried out in the first cut before 
applying the wastewater. 
Table 1 shows the results of the chemical analysis 
of the soil obtained before sowing the lopsided oat 
crop. Statistical analysis was made of the data of 
the elements to detect whether the differences 
among the quantities of these nutrients among the 
treatments presented statistical differences by the 
Tukey test at the level of 5%. 

Table 1 - Results of the chemical analysis of soil of the experimental units before sowing. 
Ca++ Mg++ K + P Treatments Block 

Cmolcdm-3 mg dm-3 

1 2.46 0.96 0.21 10.0 
2 1.42 0.81 0.21 12.5 
3 1.77 1.10 0.16 7.5 

 
T0 

4 1.14 0.66 0.21 8.8 
1 2.51 0.76 0.26 10.8 
2 1.19 0.73 0.22 13.2 
3 2.06 1.21 0.18 11.0 

 
T1 

4 1.07 0.68 0.31 17.2 
1 2.29 0.95 0.24 9.8 
2 1.37 0.77 0.21 7.5 
3 2.04 1.13 0.17 12.8 

 
T2 

4 1.73 0.81 0.33 14.5 
1 2.41 0.95 0.22 8.8 
2 1.28 0.75 0.23 11.2 
3 2.43 1.31 0.15 12.2 

 
T3 

4 1.00 0.69 0.27 13.5 
1 2.3 0.82 0.24 14.2 
2 1.21 0.71 0.27 8.5 
3 2.22 1.31 0.16 13 

 
T4 

4 1.03 0.54 0.31 14.7 
Treatments T0 = Control (water) and T1 = 150 m3 ha-1, T

2 = 300 m3 ha-1 , T3 = 450 m3 ha-1 and T4 = 600 m3 ha-1 (Cassava industry wastewater).  

 
 
Crop installation 
The conventional soil preparation system was used 
to install the lopsided oat crop, using a plow with a 
disk plow, plowing grid and grader. 
The lopsided oat crop was sown by hand in 2m x 
2m experimental plots in a total area of 396m2. 

Fertilizer was applied at the quantity of 100 kg.ha-1 
NPK (N – P2O5 – K2O) using the formula 4-20-20 
when the lopsided oats were sown. 
 
Treatments 
The experiment consisted of five treatments with  
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four replications. The treatments with defined as 
follows: T0 – Control and cassava industry 
wastewater application on the other treatments 
with the following quantities: T1 – 150 m3 ha-1, T2-
300 m3 ha-1, T3-450 m3 ha-1 and T4- 600 m3 ha-1.  
Table 2 shows results of the analysis and nutrients 
present in the applied wastewater. Chemical 
analysis was performed for each application of 
wastewater in the experimental plots.  
The wastewater used was from the last 
stabilization lake of the treatment system used by 
the cassava industry. The treatment system 
consisted of six stabilization lakes.  
In first application, 60 liters of wastewater were 
applied to each plot (150 m3 ha-1). The same 
quantity of water was applied in the control T0. It 
was observed that it was not possible to apply the 
wastewater in a single application because of the 
low infiltration capacity of the soil and therefore, 
10 liters were applied to each plot to the end of all 
the blocks. The process was the repeated starting 
at the first plot and the whole application was 
made on the same day. 

In the second application, sixty liters of 
wastewater were applied to each plot. In the 
control T0 and in the treatment T1, the same 
quantity of water was applied and after the 
application; there was 47.4mm precipitation. 
In the third application, sixty liters of wastewater 
were applied to each plot, except for treatments T0, 
T1 and T2, where the same quantity of water was 
applied. 
In the fourth level, sixty liters from the sixth 
treatment lake were applied to each plot, except 
for the treatments T0, T1, T2 e T3, to which the 
same quantity of water was applied. In this period, 
the soil moisture was low according to the soil 
water balance. It was decided to anticipate 
application and end the water deficit in the soil. 
The green matter was collected 74 days after 
sowing from 1m2 of the central area of each plot 
and weighed. The sides were discounted, because 
they were considered borders. The plants were 
then dried in the sun and later taken to dry in a 
forced air circulation chamber at 65°C to obtain 
the dry matter. 

 
Table 2 - Wastewater analysis. 

Date PH Ca++ Mg++ K ++ P Cu++ Fe++ Zn++ Mn 
 H2O mg. dm-3 

06/23 8.07 4.91 31.00 343.20 2.68 0.00 0.00 0.00 0.00 
07/08 7.90 6.88 27.53 397.80 3.40 0.00 0.00 0.00 0.04 
07/23 7.88 9.21 30.90 336.20 3.35 0.00 0.00 0.00 0.00 
08/05 8.00 6.25 32.16 336.60 2.30 0.00 0.00 0.00 0.03 

 
 
RESULTS AND DISCUSSION 
 
Yield 
Wastewater application caused increases in the 
yield of lopsided oats, whose data fitted a 
quadratic regression, with significance by the F 
test at a level of 1% for quadratic regression. (Fig. 
1). 
Given the fitted regression equation, the maximum 
yield value occurred for the 376 m3 ha-1 level that 
resulted in a maximum yield of 3795 kg ha-1, a 
value much below the productive potential. 
The addition of nutrients from wastewater 
application in the plots did not present increase in 
great nutrient quantities in soil, except for the 
element potassium where the addition was up to a 
maximum of 212 kg ha-1 dry matter. 
 
 
 

Soil nutrients 
 
Calcium 
The calcium concentration in the cassava industry 
wastewater was 6.8 mg dm-3 in the soluble form. 
This element is not considered pollutant or toxic 
from the environmental point of view. Monitored 
only by its real importance, it belongs to the group 
of the macronutrients from the agronomic point of 
view. 
Table 3 shows the average values of the quantity 
of calcium. There was no significance at the level 
of 5% by the Tukey test, when the differences 
among treatments were tested before sowing the 
lopsided oats. They showed that the difference 
among the yields of the lopsided oat crop were not 
affected by the differences among this element 
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present in the soil and, before sowing the lopsided 
oats, the calcium values detected in the soil were 
not different statistically by the Tukey test at the 
level of 5% probability. The greatest value 
detected was 1.86 cmolc dm-3 in the T2 treatment 
plot while the smallest value, 1.69 cmolc dm-3 was 
detected in the T4 treatment. The difference was 
0.7 cmolc dm-3. 
Regarding the values shown in Table 3, after 
cutting the lopsided oats, statistical differences 
were detected at the level of 5% probability by the 
Tukey test in the T0 and T3 treatments compared to 

the other treatments. The T2 treatment presented 
highest yield value (Fig. 1) and treatment T0 the 
smallest value. The calcium values detected in the 
soil after the harvest, and the smallest and highest 
calcium values, respectively, were observed in the 
T0 and T2 plots, because there were reductions in 
the calcium level in all the treatments after 
harvesting the lopsided oats. 
Table 4 shows reduction in the calcium values in 
all the depths analyzed, comparison before sowing 
and after harvest. 

 
DM= 2890,25 + 5,003 X - 0,0064 X2  R2 = 0,95
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Figure 1 - Average dry matter yield values obtained in the field and estimated. 
 
 
Table 3 - Calcium content (Cmolc dm-3) in the soil before sowing and after harvesting in the different treatments. 

Treatments Before Treatments After 
T2 1.86 T0 1.71A 
T3 1.78 T4 1.46AB 
T1 1.71 T3 1.42 B 
T0 1.70 T1 1.41 B 
T4 1.69 T2 1.40 B 

 
 
 
Table 4 - Calcium content (Cmolc dm-3) in the soil. 

Depth (m) Before After 
0.05 – 0.10 1.96 A 1.61 A 
0.00 – 0.05 1.90 A 1.60 A 
0.10 – 0.20 1.75 A 1.55 A 
0.20 – 0.40 1.38B 1.16B 

 
 
Potassium 
A high concentration of potassium was observed 
in the cassava industry wastewater of 353.45 mg 
dm-3. For the 150, 300, 450 and 600 m3 ha-1 levels, 
applications of 53.02, 106.04, 159.06 and 212.07 
kg ha-1 were made, respectively. From the 
agronomic point of view, this higher concentration 

in the compound applied was favorable because 
only 1 to 2% of the total quantity of this element in 
the soil was found in assimilative forms. Mean 
value of the potassium contents in the soil before 
sowing and after harvest in the treatments are 
shown in Tables 5 and 6. 
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Table 5 - Potassium contents in the soil (Cmolc dm-3). 
Treatments Before Treatments After 

T1 0.24 A T3 0.25 A 
T4 0.24 A T4 0.25 A 
T2 0.23 A T2 0.23 AB 
T3 0.22 AB T1 0.22 AB 
T0 0.19 B T0 0.19 B 

 
 
Table 6 - Potassium contents in the soil (Cmolc dm-3). 

Layers (m) Before Layers (m) After 
0.05 – 0.10 0.28 A 0.10 – 0.20 0.26 A 
0.10 – 0.20 0.28 A 0.00 – 0.05 0.25 A 
0.00 – 0.05 0.21 B 0.05 – 0.10 0.22 AB 
0.20 – 0.40 0.14 C 0.20 – 0.40 0.19 B 

 
 
From the environmental point of view, CONAMA, 
according to CETESB (1990) and CONAMA 
(2005) did not report potassium as a pollutant 
element or parameter, even for the special class 
and others. Thus, the conditioning of the 
maximum limit was not observed for use for 
disposal, and its variation, fluctuation and 
especially concentration were not assessed. 
Table 7 shows the average values of potassium 
contents (Cmolc dm-3) in the soil after sowing and 
after harvest of lopsided oats in the 20 to 40 cm 
layer in the treatments. 
Statistical analysis of the difference of potassium 
in the soil showed significance at the level of 5% 
by the Tukey test for depths. 
Table 7 showed that there were increases in all the 
plots, with potassium lixiviation in the 0.20-0.40m 
layer. 
The increase in the potassium contents was an 
indication of potassium movement that was 
expected in the soil because it had low CEC. 
Regarding the other elements, there was alteration 
in function of the addition that was because their 
contents were low in the water (Table 2). This was 
also observed by Freitas et al. (2004), Paula et al. 
(1999) and Silva (2003). 
 
Phosphorus 
Regarding phosphorus, Feigin et al. (1991) stated 
that the phosphorus present substances such as 
fertilizer, organic corrective and effluents, when 

applied or thrown on the soil, soon became an 
integrated part of the soil phosphorus. Yaron et al. 
(1996) also stated that the application of 
phosphorus to the soil, such as in fertilizers, 
organic matter or effluents, resulted in immediate 
increase in the level of soluble phosphorus in 
water in the soil, probably because of its low 
mobility. 
The analysis of the wastewater showed that it was 
very poor in phosphorus (2.93 mg L-1). The 0.44; 
0.88; 1.31 and 1.80 kg ha-1 levels applied of 
wastewater and formula addition resulted in a 20 
kg ha-1 phosphorus concentration. 
From the point to view of the environmental 
resolution in force (CETESB, 1990), there is no 
report in article 21 of parameter or substance that 
should present the maximum admissible value of 
the element phosphorus, phosphate or similar for 
release in a body of water. Excess phosphorus only 
becomes visible as a pollutant after lixiviation or 
removal in mud slides to the lakes, causing the 
eutrophism of these receptor bodies.The average 
values of phosphate contents in the soil before 
sowing and after harvest in the treatments are 
shown in Table 8. 
Table 9 shows the mean value of the phosphorus 
contents in soil before sowing and after harvest at 
the different depths. The absence of influence 
from the water on the phosphorus contents was 
expected because it added little phosphorus to the 
soil (Table 2). 
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Table 7 - Potassium contents (Cmolc dm-3) in the soil, before sowing and after harvest, in each treatments at the 
0.20-0.40m depth. 

 Before After 
 T0 T1 T2 T3 T4 T0 T1 T2 T3 T4 

Average 0.11 0.16 0.14 0.17 0.13 0.16 0.2 0.17 0.19 0.27 
 
 
Table 8 - Phosphate contents (mg dm-3) in the soil. 

Treatments Before  Treatments After 
T1 13.06 T1 11.63 A 
T4 12.63 T0 11.13 AB 
T3 11.44 T3 10.63 AB 
T2 11.13 T4 9.56 AB 
T0 9.69 T2 6.81 B 

 
 
Table 9 - Phosphorous content (mg dm-3)of the soil. 

Layers (m) Before After 
0.00 – 0.05 14.95 A 13.60 A 
0.05 – 0.10 14.85 A 13.15 A 
0.10 – 0.20 11.20 B 8.70 B 
0.20 – 0.40 5.35 C 4.35 C 

 
 
Magnesium 
Statistical difference was not obtained for the 
magnesium among the treatments before sowing 
the lopsided oat crop and it could be inferred that 
the difference in yield among the treatments could 
not be explained by the difference in the soil 
fertility in the experimental plots, in statistical 
analysis. 
The magnesium is not reported as pollutant by the 
environmental legislation in CONAMA 
Resolution 357/2005, which is why it is exempted 
from the requirements for the waters, including 
class one or special, which are those destined for 
domestic supply, without prior or only simple 

disinfectant and/or for preservation of the natural 
equilibrium of the aquatic communities. 
Another important factor to be emphasized is that 
with the increase in pH magnesium remains in the 
insoluble form. Chan et al. (1979) showed that in 
the soils with pH dependency or variable load, 
magnesium was exchangeable when the pH value 
was below 6.0 and was not exchangeable with pH 
over 6.5.  
Average values of the exchangeable magnesium in 
the soil at depth from 0-0.40 m and the 
exchangeable magnesium contents in the soil at 
the different depths before sowing and before 
sowing are shown in Tables 10 and 11.

 
Table 10 - Exchangeable magnesium contents (Cmolc dm-3). 

Treatments Before Treatments After 
T3 0.924 T0 0.844A 
T2 0.914 T4 0.781AB 
T0 0.881 T3 0.767AB 
T1 0.844 T1 0.737B 
T4 0.844 T2 0.689B 

 
 
Table 11 - Exchangeable magnesium contents in the soil (Cmolc dm-3). 

Layers (m) Before e Layers (m) After 
0.05-0.10 0.948A 0.00-0.05 0.888A 
0.00-0.05 0.930A 0.05-0.10 0.821A 
0.10-0.20 0.876A 0.10-0.20 0.723B 
0.20-0.40 0.771B 0.20-0.40 0.622C 
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The relationship between the lopsided oat crop 
yields and exchangeable magnesium present was 
analyzed for the treatments and no tendency was 
detected that related lopsided oat yield with the 
quantity of magnesium in the soil. For all the 
layers analyzed, 0.00-0.05 m, 0.05-010 m, 0.10-
0.20 m and 0.20-0.40 m, the data dispersion did 
not allow inference on the influence of this 
element on lopsided oat yield.  
 
pH 
Regarding pH, Braile and Cavalcanti (1979) stated 
that the hydrogenionic concentration was an 
important parameter of industrial waste quality. 
The range of concentration suitable for life to exist 

or for application on the soil, without harming the 
receptor medium, was very narrow and critical. 
Wastes with unsuitable hydrogen ion 
concentration are difficult to treat by biological 
methods. When reporting on the pH in the cassava 
industry wastewater, it was observed that it 
presented a basic characteristic and average of 
7.96 pH. 
PH values in water in the soil before sowing were 
not statistically different (p>0,05) for the 
treatments by the Tukey test (Table 12) and the 
mean value obtained showed that the pH in the soil 
remained close to 7.0. No statistical difference was 
observed for the pH when the depths were 
compared (Table 13). 

 
Table 12- pH in water in the soil before sowing and after harvest in the different treatments. 

Treatments Before Treatments After 
T1 6.937A T0 6.869A 
T4 6.937A T3 6.831A 
T0 6.925A T4 6.819A 
T3 6.831A T2 6.781A 
T2 6.831A T1 6.750A 

 
 
Table 13 - pH means in water in the soil before sowing and after harvest in the different collection layers. 

Layers (m) Before Layers (m) After 
0.10-0.20 6.910A 0.00-0.05 6.840A 
0.05-0.10 6.875A 0.05-0.10 6.825A 
0.20-0.40 6.865A 0.10-0.20 6.800A 
0.00-0.05 6.860A 0.20-0.40 6.775A 

 
 
Mean pH values in water in the soil after harvest 
in the different treatments are shown in Table 
13. 
Relationship between the lopsided oat crop 
yields and the pH in water in soil in the 
conditions studied. The minimum pH value was 
6.3 and the maximum 7.6. 
Statistical analysis for the soil pH values: No 
statistical difference was observed between the 
two collections, although the wastewater, as 
shown in Table 3, presented values highest than 
7. Nevertheless, if the pH of the wastewater was 
alkaline, the quantities applied were not 
sufficient to interfere in the soil pH. 
 
 
CONCLUSIONS 
 
From the results, it was concluded that: 
- Cassava industry wastewater application 
increased lopsided oat crop yield and a yield of 

3629 kg ha-1 was obtained for the 300 m3 ha-1; 
level; 
- When the values of the elements found at the 
different depths were analyzed, only potassium 
presented increase along the soil profile while 
the others presented reduction. 
 
 
RESUMO 
 
A utilização dos cursos de água, como drenos 
naturais de resíduos agroindústrias, tem 
contribuído para sua eutrofização principalmente 
como fonte de nitrogênio, fósforo e 
destacadamente potássio. Com o propósito de 
evitar o despejo deste resíduo, nos cursos de 
água naturais e pensando em otimizar os custos 
de fertilização e irrigação de culturas, realizou-
se este experimento no Campus do Arenito da 
Universidade Estadual de Maringá, no 
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município de Cidade Gaúcha, com a cultura da 
aveia preta, avaliando-se os efeitos dos níveis de 
água residuária (0, 150, 300, 450 e 600 m3ha-1) 
como também os efeitos residuais da sua 
aplicação no solo. O objetivo deste trabalho foi 
o de avaliar a influência da aplicação de 
diferentes níveis de água residuária de fecularia 
de mandioca na produção de aveia preta, bem 
como seu efeito residual nas propriedades 
químicas do solo. a aplicação de água residuária 
de fecularia de mandioca, proporcionou 
acréscimos na produtividade da cultura da aveia, 
obtendo-se a produtividade de 3629 kg ha-1 para 
o nível de 300 m3 ha-1 e 2818 kg ha-1 na 
testemunha quando se analisaram os valores dos 
elementos encontrados nas camadas, somente o 
potássio apresentou acréscimos nas camadas, 
sendo que os demais apresentaram redução. 
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