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ABSTRACT

This experiment was carried out in the Arenito sdithe Cidade Gaulcha county, Northwest Paranarazi in
which 0, 150, 300, 450 and 600 ha' of wastewater were applied onto soil and the oyigd and soil chemistry
were investigated for lopsided oat (Avena strigBshreb.) plants. The crop yield from the controb@&818 kg ha
contrasting 3629 kg hhwhen 300 rhha® of cassava wastewater were applied, and potassafte; haversting,
was the only nutrient found in a higher concentratin the soil profile.

Key words: Effluents, wastewaters, irrigation, fertirrigation

INTRODUCTION idea is not new of using industrial effluents as a
complementary source of water and nutrients for
Data from the FAO (2004) show that the worldfertirrigation, and the study of alternatives oings
production of cassava tuberous roots hasutrients derived from effluents.
increased, especially in the African countriesFreitas et al. (2004) assessed the effect of apgplyi
where the crop is the main energy source for tpur depths of wastewater from swine activities in
large part of the population. In 1970, cassavéhe production of corn for silage.
tuberous root production was 96.9 million tons and he treatments consisted of applying depths
in 2002, it reached 184.7 million tons, with aproportional to the evotranspiration of the
90.6% increase in the 32 year period in the Worldeference crop (ETO) 0.5, 1.0, 1.5 and 2.0.
In Brazil, the total production of cassava roots inVastewater application resulted in a 51% yield
the 2004/2005 was 27.66 million tons in an area dghcrease compared to the control. It was observed
1.94 million hectares, with an average yield ofthat the potassium concentration increased after
14.25 t hd Parana State presented a production ghe application.
4.18 million tons in an area of 205 thousandPaula et al. (1999) assessed vinasse as potassium
hectares with an average vyield of 20.37 t' hasource for a pineapple crop and its effect on the
(Sangrilo et al., 2006) being the highest index irthemical characteristics of the soil. The treatment
Brazil. This is still low considering the cassavaconsisted of four levels of vinasse 0, 100, 200 and
productivity potential (Sagrilo et al., 2002). The400 m' ha'. An increase in potassium
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concentration was detected in the 0.00-0.20m artloil fertility analysis
0.20-0.40m layers. To assess the soil fertility, samples of soil were
The objective of this study was to assess theemoved before sowing and after cutting from four
influence of applying different levels of depths, 0.00-0.05m; 0.05-0.10m; 0.10-0.20m and
wastewater from a cassava industry on lopside@d.20-0.40m in a total of 160 samples.
oat production, and its residual effect on the soilhe soil was sampled after harvest to assess the
chemical properties. residual effect of applying wastewater from a
cassava industry on the soil fertility.
The lopsided oats were cut and soil samples were
MATERIAL AND METHODS collected, as carried out in the first cut before
applying the wastewater.
The experiment was carried out on the Campus dbable 1 shows the results of the chemical analysis
Arenito — Maringd State University, Cidade of the soil obtained before sowing the lopsided oat
Galcha county, latitude 23°22'30" Southgcrop. Statistical analysis was made of the data of
longitude 52°56'00" West and average altitude dhe elements to detect whether the differences
404m. The soil is classified as Dystrophic Recamong the quantities of these nutrients among the
Latosol, derived from Caiud sandstone. treatments presented statistical differences by the
Tukey test at the level of 5%.

Table 1 -Results of the chemical analysis of soil of thpezkmental units before sowing.

Treatments Block ca™ Mg*™* K* P
Cmol.dm? mg dm*
1 2.46 0.96 0.21 10.0
To 2 1.42 0.81 0.21 12.5
3 1.77 1.10 0.16 7.5
4 1.14 0.66 0.21 8.8
1 251 0.76 0.26 10.8
Ty 2 1.19 0.73 0.22 13.2
3 2.06 1.21 0.18 11.0
4 1.07 0.68 0.31 17.2
1 2.29 0.95 0.24 9.8
T, 2 1.37 0.77 0.21 7.5
3 2.04 1.13 0.17 12.8
4 1.73 0.81 0.33 14.5
1 241 0.95 0.22 8.8
Ts 2 1.28 0.75 0.23 11.2
3 2.43 1.31 0.15 12.2
4 1.00 0.69 0.27 135
1 2.3 0.82 0.24 14.2
Ta 2 1.21 0.71 0.27 8.5
3 2.22 1.31 0.16 13
4 1.03 0.54 0.31 14.7

Treatments J= Control (water) and = 150 ni ha™ ", = 300 ni ha® , Ts = 450 ni ha' and T, = 600 ni ha® (Cassava industry wastewater).

Crop installation Fertilizer was applied at the quantity of 100 kg.ha
The conventional soil preparation system was usddPK (N — ROs — K;0) using the formula 4-20-20
to install the lopsided oat crop, using a plow véth when the lopsided oats were sown.

disk plow, plowing grid and grader.

The lopsided oat crop was sown by hand in 2m Xreatments

2m experimental plots in a total area of 386m The experiment consisted of five treatments with

Braz. Arch. Biol. Technolv.53 n.1: pp. 19-26, Jan/Feb 2010



Effects of Wastewater from a Cassava Industry ah@@eemistry 21

four replications. The treatments with defined asn the second application, sixty liters of
follows: T, — Control and cassava industrywastewater were applied to each plot. In the
wastewater application on the other treatmentsontrol T, and in the treatment T the same
with the following quantities: T— 150 ni ha™ T,-  quantity of water was applied and after the
300 nt ha® Ts-450 ni ha' and T- 600 ni ha® application; there was 47.4mm precipitation.

Table 2 shows results of the analysis and nutrienta the third application, sixty liters of wastewate
present in the applied wastewater. Chemicalere applied to each plot, except for treatmepts T
analysis was performed for each application of; and T, where the same quantity of water was
wastewater in the experimental plots. applied.

The wastewater used was from the lasin the fourth level, sixty liters from the sixth
stabilization lake of the treatment system used biyeatment lake were applied to each plot, except
the cassava industry. The treatment systerior the treatments oJ T1, T, € T, to which the
consisted of six stabilization lakes. same guantity of water was applied. In this period,
In first application, 60 liters of wastewater werethe soil moisture was low according to the soll
applied to each plot (150 *vha'). The same water balance. It was decided to anticipate
quantity of water was applied in the contrgl ® application and end the water deficit in the soil.
was observed that it was not possible to apply thehe green matter was collected 74 days after
wastewater in a single application because of thgowing from 1rfiof the central area of each plot
low infiltration capacity of the soil and therefore and weighed. The sides were discounted, because
10 liters were applied to each plot to the endllof athey were considered borders. The plants were
the blocks. The process was the repeated startitigen dried in the sun and later taken to dry in a
at the first plot and the whole application wadforced air circulation chamber at 65°C to obtain
made on the same day. the dry matter.

Table 2 -Wastewater analysis.

Date PH ca"’ Mg** K™ P Cu™ Fe™ n* Mn
H.0 mg. dn?
06/23 8.07 491 31.00 343.20 2.68 0.00 0.00 0.00 00O0.
07/08 7.90 6.88 27.53 397.80 3.40 0.00 0.00 0.00 040.
07/23 7.88 9.21 30.90 336.20 3.35 0.00 0.00 0.00 00O0.
08/05 8.00 6.25 32.16 336.60 2.30 0.00 0.00 0.00 030.
RESULTS AND DISCUSSION Soil nutrients
Yield Calcium

Wastewater application caused increases in thEhe calcium concentration in the cassava industry
yield of lopsided oats, whose data fitted awastewater was 6.8 mg dhin the soluble form.
quadratic regression, with significance by the Fhis element is not considered pollutant or toxic
test at a level of 1% for quadratic regressiong.(Fi from the environmental point of view. Monitored
1). only by its real importance, it belongs to the grou
Given the fitted regression equation, the maximunef the macronutrients from the agronomic point of
yield value occurred for the 376°tha’ level that  view.

resulted in a maximum vyield of 3795 kg*ha Table 3 shows the average values of the quantity
value much below the productive potential. of calcium. There was no significance at the level
The addition of nutrients from wastewaterof 5% by the Tukey test, when the differences
application in the plots did not present increase iamong treatments were tested before sowing the
great nutrient quantities in soil, except for thdopsided oats. They showed that the difference
element potassium where the addition was up to @mong the yields of the lopsided oat crop were not
maximum of 212 kg Hadry matter. affected by the differences among this element
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present in the soil and, before sowing the lopsidethe other treatments. The, Treatment presented
oats, the calcium values detected in the soil wergighest yield value (Fig. 1) and treatment the

not different statistically by the Tukey test aéth smallest value. The calcium values detected in the
level of 5% probability. The greatest valuesoil after the harvest, and the smallest and highes
detected was 1.86 cmolc dnin the T, treatment calcium values, respectively, were observed in the
plot while the smallest value, 1.69 cmolcdmas T, and T plots, because there were reductions in
detected in the Jtreatment. The difference wasthe calcium level in all the treatments after
0.7 cmolc drit. harvesting the lopsided oats.

Regarding the values shown in Table 3, aftelTable 4 shows reduction in the calcium values in
cutting the lopsided oats, statistical differencesll the depths analyzed, comparison before sowing
were detected at the level of 5% probability by thend after harvest.

Tukey test in the Jand T treatments compared to

DM= 2890,25 + 5,003 X - 0,0064°XR* = 0,95
4000
° o
—~ 3500

3000
®

DM(kg ha

2500

2000 \ \ \ \ \ ‘
0 100 200 300 400 500 600
Wastewater applied f’rhail )

Figure 1 - Average dry matter yield values obtained in tleddfiand estimated.

Table 3 -Calcium content (Cmolc dfi) in the soil before sowing and after harvestinghia different treatments.

Treatments Before Treatments After
T, 1.86 T 1.71A
T, 1.78 T 1.46AB
T 1.71 T 1.42B
To 1.70 T 1.41B
Ta 1.69 T 1.40B

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

Depth (m) Before After
0.05-0.10 196 A 161A
0.00 - 0.05 190A 160 A
0.10-0.20 1.75A 155A
0.20-0.40 1.38B 1.16B
Potassium in the compound applied was favorable because

A high concentration of potassium was observednly 1 to 2% of the total quantity of this element

in the cassava industry wastewater of 353.45 mtpe soil was found in assimilative forms. Mean

dm®. For the 150, 300, 450 and 608 na* levels, value of the potassium contents in the soil before
applications of 53.02, 106.04, 159.06 and 212.08owing and after harvest in the treatments are
kg ha' were made, respectively. From theshown in Tables 5 and 6.

agronomic point of view, this higher concentration
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Table 5 - Potassium contents in the soil (CmolcYm

Treatments Before Treatments After
T, 0.24 A T 0.25A
T, 0.24 A T 0.25A
T, 0.23 A T, 0.23 AB
Ts 0.22 AB T 0.22 AB
To 0.19B To 0.19B

Table 6 - Potassium contents in the soil (CmolcYm

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 0.21B 0.05-0.10 0.22 AB
0.20-0.40 0.14C 0.20-0.40 0.19B

From the environmental point of view, CONAMA, applied or thrown on the soil, soon became an
according to CETESB (1990) and CONAMA integrated part of the soil phosphorus. Yaron et al
(2005) did not report potassium as a pollutan(1996) also stated that the application of
element or parameter, even for the special claggosphorus to the soil, such as in fertilizers,
and others. Thus, the conditioning of theorganic matter or effluents, resulted in immediate
maximum limit was not observed for use forincrease in the level of soluble phosphorus in
disposal, and its variation, fluctuation andwater in the soil, probably because of its low
especially concentration were not assessed. mobility.
Table 7 shows the average values of potassiuifhe analysis of the wastewater showed that it was
contents (Cmolc df) in the soil after sowing and very poor in phosphorus (2.93 m@)L The 0.44;
after harvest of lopsided oats in the 20 to 40 cr0.88; 1.31 and 1.80 kg halevels applied of
layer in the treatments. wastewater and formula addition resulted in a 20
Statistical analysis of the difference of potassiunkg ha' phosphorus concentration.
in the soil showed significance at the level of 5%rom the point to view of the environmental
by the Tukey test for depths. resolution in force (CETESB, 1990), there is no
Table 7 showed that there were increases in all threport in article 21 of parameter or substance that
plots, with potassium lixiviation in the 0.20-0.40mshould present the maximum admissible value of
layer. the element phosphorus, phosphate or similar for
The increase in the potassium contents was aelease in a body of water. Excess phosphorus only
indication of potassium movement that washecomes visible as a pollutant after lixiviation or
expected in the soil because it had low CECremoval in mud slides to the lakes, causing the
Regarding the other elements, there was alterati@utrophism of these receptor bodies.The average
in function of the addition that was because theivalues of phosphate contents in the soil before
contents were low in the water (Table 2). This wasowing and after harvest in the treatments are
also observed by Freitas et al. (2004), Paula.et ahown in Table 8.
(1999) and Silva (2003). Table 9 shows the mean value of the phosphorus
contents in soil before sowing and after harvest at
Phosphorus the different depths. The absence of influence
Regarding phosphorus, Feigin et al. (1991) statefdom the water on the phosphorus contents was
that the phosphorus present substances such egected because it added little phosphorus to the
fertilizer, organic corrective and effluents, whensoil (Table 2).
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Table 7 - Potassium contents (Cmolc djrin the soil, before sowing and after harvesteath treatments at the

0.20-0.40m depth.

Before After
To T, T, T, T, To T, Ta
Average 0.11 0.16 0.14 0.17 0.13 0.16 0.17 0.190.27

Table 8 -Phosphate contents (mg d)in the soil.

Treatments Before Treatments After
T, 13.06 T 11.63 A
Ty 12.63 T 11.13 AB
Ts 11.44 T 10.63 AB
T, 11.13 T 9.56 AB
To 9.69 T 6.81B
Table 9 -Phosphorous content (mg d)of the soil.
Layers (m) Before After
0.00 - 0.05 1495 A 13.60 A
0.05-0.10 14.85 A 13.15A
0.10-0.20 11.20B 8.70B
0.20-0.40 535C 4.35C
Magnesium disinfectant and/or for preservation of the natural

Statistical difference was not obtained for thesquilibrium of the aquatic communities.
magnesium among the treatments before sowingnother important factor to be emphasized is that
the lopsided oat crop and it could be inferred thawith the increase in pH magnesium remains in the
the difference in yield among the treatments coulthsoluble form. Chan et al. (1979) showed that in
not be explained by the difference in the soithe soils with pH dependency or variable load,
fertility in the experimental plots, in statistical magnesium was exchangeable when the pH value
analysis. was below 6.0 and was not exchangeable with pH
The magnesium is not reported as pollutant by thever 6.5.

environmental legislation in CONAMA Average values of the exchangeable magnesium in
Resolution 357/2005, which is why it is exemptedhe soil at depth from 0-0.40 m and the
from the requirements for the waters, includingexchangeable magnesium contents in the soil at
class one or special, which are those destined ftine different depths before sowing and before
domestic supply, without prior or only simple sowing are shown in Tables 10 and 11.

Table 10 -Exchangeable magnesium contents (Cmol&)dm

Treatments Before Treatments After
Ts 0.924 T 0.844A
T, 0.914 T 0.781AB
To 0.881 T 0.767AB
T, 0.844 T 0.737B
Ty 0.844 T 0.689B

Table 11 -Exchangeable magnesium contents in the soil (Cohok8).

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 cropr for application on the soil, without harming the
yields and exchangeable magnesium present wasceptor medium, was very narrow and critical.

analyzed for the treatments and no tendency wa¥astes

with  unsuitable  hydrogen  ion

detected that related lopsided oat yield with theoncentration are difficult to treat by biological
quantity of magnesium in the soil. For all themethods. When reporting on the pH in the cassava

layers analyzed, 0.00-0.05 m, 0.05-010 m, 0.1Gndustry wastewater,

it was observed that it

0.20 m and 0.20-0.40 m, the data dispersion digresented a basic characteristic and average of
not allow inference on the influence of this7.96 pH.

element on lopsided oat yield.

pH

PH values in water in the soil before sowing were
not
treatments by the Tukey test (Table 12) and the

statistically different (p>0,05) for the

Regarding pH, Braile and Cavalcanti (1979) statechean value obtained showed that the pH in the sall
that the hydrogenionic concentration was amemained close to 7.0. No statistical difference wa

important parameter of industrial waste qualityobserved for the pH when the depths were
The range of concentration suitable for life tosexi compared (Table 13).

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

Treatments Before Treatments After
T, 6.937A To 6.869A
T, 6.937A T 6.831A
To 6.925A T 6.819A
Ts 6.831A T 6.781A
T, 6.831A T 6.750A

Table 13 -pH means in water in the soil before sowing anerdfarvest 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 was obtained for the 300%rha®;
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 utilizacdo dos cursos de &gua, como drenos
naturais de residuos agroindistrias, tem
contribuido para sua eutrofizacéo principalmente
como fonte de nitrogénio, fésforo e
destacadamente potassio. Com 0 propdsito de
evitar 0 despejo deste residuo, nos cursos de
agua naturais e pensando em otimizar os custos
de fertilizacdo e irrigacdo de culturas, realizou-
se este experimento no Campus do Arenito da
Universidade Estadual de Maringa, no
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municipio de Cidade Gaucha, com a cultura da  Feigin, A; Ravina, I; Shalhevet, J (1991). Irrigati
aveia preta, avaliando-se os efeitos dos niveis de ~ Wwith treated sewage effluent: management for
agua residuéria (0, 150, 300, 450 e 60Bat) environmental protection. Berlin: Springer-Verlag,
como também os efeitos residuais da sua 224p.

. = - . Freitas, W.S.; Oliveiras, R.A.; Pinto, F.A.; Cecon,
aplicagao no soIo._O opjet_wo deste t_raba~|ho foi P.R.; Galvao, J.C.C.(2004) Efeito da aplicacdo de
0 de avaliar a influéncia da aplicacdo de

dif veis de iduaria de feculari aguas residuarias de suinocultura sobre a produgéo
itferentes niveis de agua residuaria de fecularia 45 mjlho para silagemRevista Brasileira de

de mandioca na produ_géo de aveia preta, bem  Engenharia Agricola e Ambiental Campina
como seu efeito residual nas propriedades Grande§8, 120-125.
quimicas do solo. a aplicacdo de agua residudria Imhoff, K.; Imhoff, K. R. Manual de Tratamento de

de fecularia de mandioca, proporcionou Ague_ls Residuérias. Ed. Edgard Blucher Ltda.
acréscimos na produtividade da cultura da aveia,  Brasil, 1986. .

obtendo-se a produtividade de 3629 kg para Paula, M.B.; Holanda, F.S.R; Mesquita, H.A;
o nivel de 300 thha e 2818 kg ha na Caravalho, V.D. (1999), Uso da vinhaca no

: abacaxizeiro em solo de baixo potencial de
testemunha quando se analisaram os valores dos producdoPesq. Agropec. Bras34, 1217-1222.

elerpentos encontrados nas pamadas, somente o Sagrilo, E.; Vidigal Filho, P. S.: Pequeno, M. G..

potassio apresentou acrescimos nas camadas, Scapim, C. A.; Gongalves-Vidigal, M. C.; Souza

sendo que os demais apresentaram reducao. Diniz, P. S. S.; Modesto, E. C. and Kvitschal, M.
V. Effect of Harvest Period on the Quality of
storage roots and protein content of the leaves in
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