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ABSTRACT: There is a worldwide concern regarding the management of agroindustrial residues, involving 
sustainable practices that contribute to taking advantage of the residues as inputs in productive processes, 
allowing greater efficiency in the integration of agricultural activities and mitigating their adverse effects on 
the soil. Therefore, the objective of this study was to assess the effects of application of cassava wastewater 
on the chemical attributes of the soil cultivated with Brachiaria brizantha cv. Marandu. The experimental 
design was in randomized blocks with five treatments (0, 15, 30, 60 and 120 m³ ha-1 of cassava wastewater) 
and four repetitions. To characterize soil chemical attributes soil samples were collected at depths 0 to 10 
and 10 to 20 cm, for determination of the concentrations of soil organic matter, available phosphorus, 
exchangeable potassium, sodium, calcium and magnesium before and after cassava wastewater application 
were determined. The application of cassava wastewater increases available phosphorus and exchangeable 
potassium concentrations, decreases exchangeable calcium, magnesium and organic matter contents of 
the soil cultivated with Marandu grass. Cassava wastewater can be used as organic fertilizer for pastures of 
Marandu grass with doses of up to 120 m³ ha-1.
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Atributos químicos do solo sob aplicação de água residuária
da mandioca no cultivo de capim-marandu

RESUMO: Existe grande preocupação mundial quanto ao manejo de resíduos agroindustriais, envolvendo 
práticas sustentáveis que contribuam para aproveitar os resíduos como insumos em processos produtivos, 
possibilitando maior eficiência na integração das atividades agropecuárias e mitigando seus efeitos negativos 
sobre o solo. Assim, objetivou-se avaliar os efeitos da água residuária da mandioca sobre os atributos químicos 
do solo cultivado com Brachiaria brizantha cv. Marandu. O delineamento experimental foi em blocos ao acaso 
com cinco tratamentos (0, 15, 30, 60 e 120 m³ ha-1 de água residuária da mandioca) e quatro repetições. Para 
a caracterização dos atributos químicos do solo foram coletadas amostras nas profundidades 0 a 10 e 10 a 
20 cm, para determinação dos teores de matéria orgânica do solo, fósforo disponível, potássio, sódio, cálcio 
e magnésio trocáveis antes e após a aplicação da água residuária da mandioca. A aplicação da água residuária 
da mandioca aumentou os teores de fósforo disponível e potássio trocável, e diminui os teores de cálcio e 
magnésio trocáveis, além de reduzir o teor de matéria orgânica do solo cultivado com capim-marandu. A 
água residuária de mandioca pode ser utilizada como fertilizante orgânico para pastos de capim-marandu 
com doses de até 120 m³ ha-1.

Palavras-chave: biofertilizante, macronutrientes, manipueira, fertilidade do solo
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Introduction

The proper management of the agroindustry residues in 
rural properties allows greater efficiency in the integration of 
agricultural activities. These residues are considered to be low-
cost and high-economic inputs for agriculture, in addition to 
the direct return of the activity (Rosa et al., 2011). Among the 
various residues that can be used in agriculture, the wastewater 
of the cassava processing industry is highlighted, popularly 
known in Brazilian Portuguese as ‘manipueira’.

‘Manipueira’ is the main residue from the processing 
of cassava, whose appearance is a milky liquid with a high 
concentration of potassium, nitrogen, phosphorus, calcium, 
magnesium and sulfur, as well as iron and other micronutrients 
(Marini & Marinho, 2011). This residue has the potential to be 
used as an organic fertilizer (Duarte et al., 2013), which allows 
high agricultural productivity in low fertility soils.

The chemical concentrations of the nutrients present in the 
cassava plant vary due to several factors, such as the coloration 
of the processed cassava pulp. Ferreira et al. (2001), analyzing 
the chemical characterization of ‘manipueira’ from cassava 
with white and yellow pulp and the mixture of these two, found 
values of 3.42, 1.35 and 2.48 kg m-3 of nitrogen; 3.09, 1.69 and 
3.03 kg m-3 of potassium; 0.70, 0.51 and 0.34 kg m-3 of phosphorus; 
0.19, 0.16 and 0.15 kg m-3 of calcium; and 0.60, 0.38 and 
0.41 kg m-3 of magnesium, respectively. Also, the degree of 
processing of cassava also influences the chemical composition 
of the ‘manipueira’. For the production of flour, the roots are 
less processed, especially when compared to processing to 
obtain the starch or gum, consequently, the concentrations of 
nutrients present in the ‘manipueira’ from the processing of 
cassava for the production of flour will be higher.

The use of agroindustry residues as alternative sources 
of fertilizers directly influences the chemical characteristics 
of soils and can alter pH, electrical conductivity, nutrient 
concentration, among others, allowing the increase of 
productivity. However, if this residue is improperly used or 
applied in areas with a risk of damage to the environment, it 
can cause problems, such as: reduction of dissolved oxygen 
and eutrophication of water bodies, death of aquatic fauna 
and animals that consume water with excess hydrocyanic gas 
(Campos et al., 2006).

The environmental impact caused by the ‘manipueira’ is 
related to its pollution power conferred by the concentration of 
soluble carbohydrates that are rapidly degraded to organic acids 
and also to the toxicity caused by the presence of cyanogenic 
glycosides, which through enzymatic processes releases 
hydrocyanic acid that is toxic to plants (Duarte et al., 2013).

Due to high concentrations of potassium, nitrogen, 
phosphorus, calcium, magnesium and micronutrients, the 
‘manipueira’ can be considered an organic fertilizer. Melo et al. 
(2005) observed a significant increase in the pH of the soil as a 
result of the application of ‘manipueira’, due to mineralization 

of the organic matter and the release of cations of alkali and 
alkaline earth metals associated with organic acids. Evaluating 
changes in the chemical attributes of two soils subjected to 
increasing doses of ‘manipueira’, Barreto et al. (2013) observed 
that the cation concentration present in this residue, as K+, 
Ca2+, Mg2+ and Na+, contributed to a significant increase in the 
electrical conductivity of the soil. Silva et al. (2004) verified 
the acidification of the soil due to the application of different 
doses of mature effluent from starch to sorghum, due to the 
decrease of soil organic carbon concentration.

The objective of this study was to evaluate the changes in 
the chemical attributes of the soil at two depths, under the 
application of cassava wastewater in pastures of Marandu grass.

Material and Methods

The experiment was carried out from July 2013 to January 
2014, in the Experimental area of the Grupo de Pesquisa de 
Forragem (GEFOR), located in the Escola Agrícola de Jundiaí 
(EAJ), Unidade Acadêmica de Ciências Agrarias (UACIA), 
Universidade Federal do Rio Grande do Norte (UFRN), located 
in the municipality of Macaíba, RN State, which geographical 
coordinates are: 5° 53’ 35.12” S and 35° 21’ 47.03” W, with an 
altitude of 50 m.

The local climate, according to the classification of Köppen, 
is comprised of As' and BSh' types, characterized by dry 
winter, and rainy and hot summer. The region has an mean 
temperature of 27.1 °C (maximum of 32 °C and a minimum 
of 21 °C), and rainfall varies between 800 and 1200 mm year-1. 
Figure 1 displays the distribution of rainfall during the period 
of the experiment.

The soil of the experimental area was classified as 
Quartzipsamments. In order to characterize the chemical 
attributes of the soil before the implementation of the 
experiment, 12 simple samples were collected in each 
experimental area, with the aid of an auger drilling probe, at 
depths of 0 to 10 and 10 to 20 cm. Subsequently, the samples 
were air-dried, stripped and sieved in 2 mm mesh; and then 
homogenized to form a composite sample. The physical and 
chemical characterization of the soil before cultivation (Table 1) 
was carried out in the Laboratory of Soil and Plant Analysis of 

Figure 1. Rainfall from April 2013 to January 2014

Table 1. Physical and chemical attributes of the soil before cassava wastewater application

OM - Organic matter; SB - Sum of bases; CEC - Cation exchange capacity; V% - Base saturation

Se
pt
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the Empresa de Pesquisa Agropecuária do Rio Grande do Norte 
(EMPARN), by the methods described by EMBRAPA (1997).

The pastures of Brachiaria brizantha cv. Marandu were 
planted in 2010 and grazed by sheep until 2013. During the 
experimental period, conventional sprinkler irrigation was 
used, and an average daily gross depth of 9.6 mm was applied 
at the end of the afternoon, three times a week.

The wastewater of cassava used came from a flour house 
located in the municipality of Ceará-Mirim, 40 km from the 
experimental area. After its collection, it underwent by a 
resting period of 15 days to eliminate the hydrocyanic acid by 
evaporation. Neves et al. (2014) studied the persistence time 
of the cyanide in ‘manipueira’ resting under natural conditions 
and after physical treatments. These authors verified that, 
regardless of the physical treatments used, at 20 days of storage 
the concentrations of cyanide had already reduced about six 
times, passing from 129.00 to 20.66 mg L-1, and from 50 to 60 
days free cyanide was no longer identified. Meanwhile the pH 
stabilized at 80 days, being around 9.13.

The chemical characterization of the ‘manipueira’ was 
obtained from the average of two samples collected after 
the resting period (15 days). The chemical analyses for the 
determination of the macro and micronutrient concentrations 
were performed in the Laboratory of Water Analysis of 
EMPARN, following the methodology proposed by APHA 
(2003). The analytical results obtained were as follows: 1.54 g L-1 
of nitrogen; 0.35 g L-1 of phosphorus; 2.94 g L-1 of potassium; 
0.20 g L-1 of calcium; 0.38 g L-1 of magnesium; 0.44 g L-1 of 
sodium; 5.0 mg L-1 of zinc; 0.5 mg L-1 of copper; 22 mg L-1 of 
iron; and 4.5 mg L-1 of manganese.

The evaluated treatments were: 0, 15, 30, 60 and 120 m³ ha-1 
of cassava wastewater. Each experimental unit had an area of 
12.0 m² (4.0 x 3.0 m); the spacing between plots was 1.0 m 
and between blocks of 2.0 m. The experimental design was a 
randomized blocks with five treatments and four repetitions.

The cassava wastewater doses as an organic fertilizer 
applied to the soil were calculated according to their mineral 
composition, based on potassium concentrations as a nutrient 
in higher concentration, as well as the recommendation of 
potassium fertilization for different technological levels used 
for pasture maintenance (Ribeiro et al., 1999). Table 2 shows 
the estimated amounts of the main macronutrients and sodium 
(beneficial element), added to the soil in each treatment by the 
application of cassava wastewater.

Before applying the doses of organic fertilizer, an uniformity 
cut of the pasture to 15.0 cm from the level of the ground was 
performed. Cassava wastewater was applied using a 10 L 
irrigator, with the doses divided into two applications, the first 

50% applied after the standardization cut and the remainder 
immediately after the first cut. The forage was harvested (cut) 
every 60 days for six months, totaling three cuts, the first being 
in September/2013, the second in November/2013 and the 
third in January/2014. In all cuts, the forage was collected at 
15 cm from the soil level.

After the third cut, 12 simple soil samples were collected at 
each depth (0 to 10 and 10 to 20 cm) of all experimental units. 
Samples were collected with the aid of an auger drilling probe; 
then the single samples of each depth were homogenized, 
forming two composite samples, for each soil layer. The 
composite samples were placed to dry in the open air, sieved 
in a 2.0 mm mesh and sent to the Laboratory of Soil and Plant 
Analysis of EMPARN for chemical characterization, following 
the methods described by EMBRAPA (1997).

The following soil chemical attributes were determined: 
exchangeable calcium and magnesium obtained using the 1 M 
KCl extraction solution, read respectively by spectrophotometry 
and flame photometry; available phosphorus and exchangeable 
sodium and potassium obtained through the Mehlich-1 
extractor solution and reading by calorimetric and flame 
photometry, respectively. The organic matter was determined 
by calorimetry, using the Walkley-Black method, and the pH 
in water in the saturation extract by potentiometric method 
(EMBRAPA, 1997).

Data were submitted to analysis of variance (ANOVA) and 
the effect of the wastewater verified by analysis of regression at 
p ≤ 0.05 by F test, using the statistical software Sisvar, version 
4.6 (Ferreira, 2014). 

Results and Discussion 

The pH in the soil depth of 0 to 10 cm did not fit the 
regression equation. Meanwhile, in the depth of 10 to 20 cm 
(Figure 2A), a quadratic effect was observed in the pH of the 
soil with the application of cassava wastewater, the highest 
estimated value for pH was 6.31 for 85.6 m3 ha-1.

The pH values observed in the 10 to 20 cm layers are in 
agreement with those obtained by Barreto et al. (2013), Duarte 
et al. (2013), Dantas et al. (2014) and Magalhães et al. (2015), 
when studying the pH response on the application of increasing 
doses of cassava wastewater in different soils, observed a 
positive linear effect on the pH values. On the other hand, 
Cabral et al. (2010) did not observe a significant difference of 
pH with the application of doses (0 to 600 m3 ha-1) of cassava 
wastewater in the layers of 0.5 to 10 and 10 to 20 cm. The 
authors attribute this result to the pH values of the soil used 
to be close to neutrality (6.9).

The availability of nutrients to plants is greatly influenced 
by soil pH; suitable pH values are in the range of 5.7 to 6.5. In 
this area, when only this soil chemical attribute is considered, 
there is no limitation to plant production, because in this 
case there is a reduction of soil acidity, greater availability of 
macronutrients and a minimum distance to micronutrient 
availability (Malavolta, 1997).

In the 0-10 cm depth, there was a significant decrease in 
soil organic matter concentration (OM) as a function of the 

Table 2. Amount of macronutrients and sodium (beneficial 
element), added to the soil in each treatment by cassava 
wastewater application
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*- Significant at p ≤ 0.05 by F test

Figure 2. Soil pH (A) and organic matter concentration – OM (B), at depths of 0-10 cm (p1) and 10-20 cm (p2), as a function 
of cassava wastewater doses applied to the soil

A. B.

*- Significant at p ≤ 0.05 by F test

Figure 3. Concentration of phosphorus – P (A) and potassium – K (B) in the soil, at 0-10 cm (p1) and 10-20 cm (p2) depths, 
as a function of cassava wastewater doses applied to the soil

A. B.

application of doses of cassava wastewater (Figure 2B). The 
OM reduction was of 21.3% when compared to zero and 
120 m3 ha-1 doses. A similar result was obtained by Homen 
et al. (2014) who, when studying the effects of the prolonged 
use of wastewater from pig farms applied to the soil, observed 
decrease in the organic matter concentration in the 0 to 20 cm 
layer after 82 days.

This result can be explained by the low carbon: nitrogen 
(C:N) ratio of the applied effluent, which according to Pinto et 
al. (2010), should be around 7/1. In this condition, there will 
be mineralization of nitrogen that is necessary for the growth 
of the microorganisms, which in turn will decompose OM 
more quickly due to the low carbon concentration of cassava 
wastewater (Hernández et al., 1988). The organic matter (OM) 
at a depth of 10 to 20 cm did not differ by the use of wastewater; 
the mean organic matter concentration observed in this layer 
was 6.8 g kg-1.

According to Lampkin (1992), an adequate C:N ratio lies in 
a range of 25 to 35 parts of carbon to 1 of nitrogen, below that, 
the organic matter decomposition in the soil is accelerated due 
to excess of nitrogen. Potrich et al. (2014) assessed the effect 
of the application of different doses of nitrogen on cultural 
residues of sugarcane. The authors reported that nitrogen 
fertilization increases the rate of decomposition of dry residues 
of this crop as the dose of N applied increases. According to 
Hernández et al. (1988), low C:N ratio and easily degradable 
residues can stimulate the decomposition of the organic-C 
present in the soil, which is called "priming effect."

The "priming effect" translates into a stimulus that increases 
the rate of OM decomposition due to the elevate growth of the 
microbial population when an energy-rich material is added 
to the system (Stevenson & Cole, 1986). A similar result was 
obtained by Homen et al. (2014) who, when studying the effects 
of the prolonged use of wastewater from pig farms, observed 
a decrease in organic matter concentration in the 0 to 20 cm 
layer after 82 days.

It was verified increasing linear effect for the available 
phosphorus concentration as a function of the application of 
increasing doses of cassava wastewater at depths of 0 to 10 
and 10 to 20 cm (Figure 3A). At a depth of 0 to 10 cm, there 
was a 15.0% increase in available phosphorus concentration 
when comparing zero and 120 m3 ha-1. At the depth of 10 to 
20 cm there was an increase of 36.7% when compared the 
concentration of phosphorus available in the soil due to the 
absence of cassava wastewater.

The concentration of phosphorus in the applied waste 
(Table 2) and the low mobility of this mineral may justify 
the results obtained. Similar results were found by Duarte 
et al. (2013), which showed an increasing linear effect for 
the available phosphorus concentration of a Neosol after the 
application of increasing doses of cassava wastewater. Barreto 
et al. (2013) and Magalhães et al. (2015) also reported an 
increase in available phosphorus of about 60% in the soil due 
to the increase of cassava wastewater.

The soil phosphorus levels observed in the two depths, despite 
having significant increases, were well below the recommended 

(p2) y = 5.726 + 0.0137*x - 8.5E-5*x2   R2 = 0.719 (p1) y = 12.882 - 0.0228*x   R2 = 0.621

(p1) y = 5.625 + 0.0083*x   R2 = 0.714
(p2) y = 2.3438 + 0.0113*x   R2 = 0.723

(p1) y = 101.58 + 0.1771*x   R2 = 0.630
(p2) y = 98.369 + 0.1763*x   R2 = 0.799
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concentrations for this class of soil, which is 21 to 30 mg dm-3 for 
most crops (Ribeiro et al., 1999). However, it is worth mentioning 
that the plants grown in the soil of the experimental plots that 
received the highest doses of cassava wastewater did not present 
symptoms of phosphorus nutrient deficiency.

As for exchangeable potassium, an increasing linear effect 
was observed (Figure 3B) at both depths (p ≤ 0.05). Comparing 
the soils that did not receive cassava wastewater with those 
that received the maximum dose, the exchangeable potassium 
concentration at the depth of 0 to 10 cm increased 17.3 and 
17.7% at the depth of 10 to 20 cm. This result can be attributed to 
the higher concentration of this nutrient in the effluent (Table 2).

Barreto et al. (2013) also found a positive linear effect for 
exchangeable potassium in the soil when doses of up to 216 m3 ha-1 of 
tap water were applied. Duarte et al. (2013) observed an increase 
in the exchangeable potassium concentration in the soil with an 
increase of doses of cassava wastewater from 0 to 65 m3 ha-1, a 
tendency similar to the results of studies by Melo et al. (2005) 
and Magalhães et al. (2015).

The concentration of exchangeable calcium was adjusted 
to linear decreasing equation in the soil at a depth of 0 to 
10 cm due to the application of increasing doses of cassava 
wastewater (Figure 4A), which led to a 21.8% decline in calcium 
concentration. There was no significant effect of the doses of 
cassava wastewater for the calcium concentration at a depth 
of 10 to 20 cm.

Calcium ions are used in the synthesis of new cell walls, 
particularly in the middle lamella formation that separates new 
cells after division (Taiz & Zeiger, 2004). Bezerra et al. (2017), 
when investigating the height and mass of shoots of Marandu 
grass plants, obtained a positive response to the increase of 
these variables with application of increasing doses of cassava 
wastewater. Based on the results of this study and on those 
presented by these authors it can be inferred that the demand 
for calcium by plants of Marandu grass may have influence 
on the decrease of this nutrient in the depth from 0 to 10 cm. 
Also, the decrease of exchangeable calcium in the depth from 
0 to 10 cm can also be explained by the lower contribution of 
this nutrient added by cassava wastewater, since it is present in 
a lower concentration among the macronutrients constituent 
of this effluent. 

Similar results were observed by Homen et al. (2014), for 
the calcium, when used wastewater from swine in Brachiaria 

decumbens cv Basilisk plants. Dantas et al. (2014) also verified 
that the exchangeable calcium concentration in the soil 
decreased by approximately 22% with cassava wastewater in 
sunflower cultivation.

Despite the reduction in the exchangeable calcium 
concentration in the soil in the most superficial layer, the 
lowest value of such nutrient remains in the considered average 
range from 1.21 to 2.40 cmolc dm-3 (Ribeiro et al., 1999), which 
indicates that cassava wastewater can meet the demands of 
the plant for calcium if higher amounts of this waste are used.

The exchangeable magnesium in the soil at 0 to 10 cm 
depth, adjusted to linear regression equation as a result of the 
application of increasing doses of cassava wastewater (Figure 
4B), with a decrease of 10.0% in the soil depth of 0 to 10 cm. 
There was no significant effect for the magnesium nutrient in 
the depth of 10 to 20 cm.

As for calcium, it can be inferred that the decrease of 
exchangeable magnesium in the depth of 0 to 10 cm was due 
to the lower contribution of magnesium in cassava wastewater, 
because probably the amount of this nutrient replaced via 
organic fertilization to the soil was lower than that absorbed 
by the Marandu grass plants. Homen et al. (2014) also 
attributed this behavior to higher utilization of this nutrient by 
Brachiaria decumbens cv Basilisk. Dantas et al. (2014), report 
the same reason for the reduction of exchangeable potassium 
concentration in sunflower plants and Magalhães et al. (2015) 
in the corn crop.

There was no significant effect of the application of cassava 
wastewater on the exchangeable sodium concentrations in 
both depths, with mean values of 43.7 and 48.3 mg dm-3 in 
the layers of 0 to 10 and 10 to 20, respectively. Thus, it can be 
inferred that there was no soil degradation by salinization and 
sodification with the application of up to 120 m3 ha-1 of cassava 
wastewater. This result is quite positive, in this way one can 
explore the fertilization potential of the wastewater of cassava 
without undesirable effects on the soil, since the low sodium 
concentration does not limit the agricultural production under 
the research conditions.

Opposite results were reported by Silva et al. (2011), 
Barreto et al. (2013), Duarte et al. (2013) and Homen et al. 
(2014) noticed a tendency to salinization by the increase 
of exchangeable sodium with the use of wastewater as a 
biofertilizer. However, the divergences can be attributed to 

*- Significant at p ≤ 0.05 by F test

Figure 4. Concentration of calcium - Ca (A) and magnesium – Mg (B) in the soil, at 0-10 cm (p1) and 10-20 cm (p2) depths, 
as a function of cassava wastewater doses applied to the soil

A. B.

(p1) y = 1.5867 - 0.0028*x   R2 = 0.743 (p1) y = 0.8434 - 0.0007*x   R2 = 0.809
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different wastes and/or to the highest maximum doses used 
by the authors: 870 t ha-1 of coffee wastewater, 600 m3 ha-1 of 
cassava wastewater, 210 m3 ha-1 of wastewater from cassava, 
150 m3 ha-1 of swine wastewater, respectively.

Based on the results obtained in this work and corroborating 
with Duarte et al. (2013), cassava wastewater may be used 
as an alternative source of organic fertilizer, aiming at the 
replacement of nutrients for the plant in order to contribute 
to increased productivity, and to allow the maintenance of 
soil fertility, avoiding its degradation. However, if such waste 
is not handled correctly, it may cause damage to both the 
environment and crops.

Conclusions

1. The application of wastewater of cassava increased the 
pH, at a depth of 10 to 20 cm, and in the concentrations of 
exchangeable potassium and phosphorus, available to both 
studied soil depths.

2. The organic matter of the soil and the calcium and 
magnesium concentrations at 0 to 10 cm depths decrease with 
the increment of the wastewater from cassava.

3. The application of wastewater from cassava increases 
the exchangeable sodium in the soil, without tendency to 
salinization or sodification of the studied soil. 
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