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A B S T R A C T
The objective of this research was to investigate the effects of irrigation with treated 
wastewater and nitrogen (N) fertilization on the chemical characteristics of a Haplustalf 
soil cultivated with cotton. An experiment was conducted in a greenhouse in a completely 
randomized design with four replicates, and arranged in a 5 x 4 factorial. Five doses of N 
fertilization (0, 45, 90, 135 and 180 kg ha-1) and four sources of irrigation water (freshwater, 
wastewater treated by an anaerobic reactor, wastewater treated by an anaerobic reactor and 
post-treated by intermittent sand filter in series, wastewater treated in a septic tank and 
post-treated by an intermittent sand filter) were tested. Irrigation was daily performed from 
July 2011 to January 2012 according to the water demand of cotton resulting in a water 
depth of 620 mm. It was found that, compared with the conventional management with 
freshwater irrigation, treated wastewater provides greater accumulation of micronutrient, 
potassium and sodium in the soil, increasing the risk of sodification in irrigated areas.

Atributos químicos de um Luvissolo Crômico sob irrigação
com águas residuárias tratadas e adubação nitrogenada
R E S U M O
Objetivou-se, nesta pesquisa, estudar os efeitos da irrigação com esgotos tratados e da 
adubação nitrogenada nos atributos químicos de um Luvissolo Crômico cultivado com 
algodoeiro herbáceo. Instalou‑se um experimento em ambiente protegido, disposto em 
delineamento inteiramente casualizado com quatro repetições, em esquema fatorial 5 x 4. 
Foram testados cinco doses de adubação nitrogenada (0, 45, 90, 135 e 180 kg ha-1) associadas 
a quatro fontes de água de irrigação (água do sistema de abastecimento público, efluente de 
esgoto tratado em reator anaeróbio, efluente tratado em reator anaeróbio e pós-tratado em 
filtros de areia intermitentes em série e efluente tratado em tanque séptico e pós-tratado 
em filtro de areia intermitente). Procedeu-se à irrigação diária de julho de 2011 a janeiro 
de 2012 com base na demanda hídrica da cultura do algodoeiro, com lâmina total de 620 
mm. Constatou-se, em relação ao manejo convencional com água de abastecimento, que a 
irrigação com esgotos tratados proporciona maior acúmulo de micronutrientes, potássio 
e sódio no solo, elevando os riscos de sodificação em áreas irrigadas.
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Introduction

Arid and semiarid regions are characterized by their high 
evaporation rates, where rainfall exceeds in most part of the year. 
In these regions, the practice of irrigation which is used to reduce 
the water deficit for crops, can increase the chances of success 
in agriculture and allow obtaining higher agricultural yields. 
On the other hand, one of the main social and environmental 
problems in semiarid areas is the scarcity of freshwater, which 
will probably be intensified in the next years due to not only high 
population growth rates, but also the increase in water demand 
for the agricultural sector (Bedbabis et al., 2014).

The application of treated domestic wastewater in the 
soil-plant system is, therefore, an attractive alternative, which 
allows increasing the available water supply and leverage 
the agricultural development of drought-affected areas. This 
practice is also beneficial from the environmental point of 
view, since, for using the soil as a natural filter, it reduces 
the negative impacts of the excessive discharge of nutrients 
and contaminants caused by the disposal of these effluents in 
surface waters (Bame et al., 2014).

Studies worldwide have proven the efficiency of municipal 
sewage effluents at substituting irrigation water for different 
agricultural crops. Great emphasis has been given to the reuse 
of organic and inorganic nutrients present in wastewaters 
for the fertilization of crops, which has allowed partially 
substituting, or even eliminating, the need for conventional 
fertilization. Many reports in the literature associate the 
practice of agricultural reuse with increments in crop yields 
(Leal et al., 2009a), adequate plant nutrition (Bedbabis et 
al., 2010) and beneficial alterations in soil physical-chemical 
characteristics, such as increase in fertility (Gwenzi & 
Munondo, 2008; Bame et al., 2014), reduction of acidity (Leal 
et al., 2009b; Tarchouna et al., 2010), increment in the contents 
of organic matter (Rusan et al., 2007; Xu et al., 2010) and 
improvement in particle aggregation.

The use of wastewater can also result in negative effects, 
such as the increase in soil salinity, alteration of pH to 
undesirable values, creation of anaerobic conditions in the root 
zone and accumulation or excessive leaching of nutrients and 
heavy metals (Arienzo et al., 2009).

Continuous application of sewage effluents through 
irrigation is also capable of increasing the contents of 
exchangeable sodium in the soil exchange complex, to the 
detriment of exchangeable calcium, magnesium and potassium, 
generating problems of salinity and sodicity with negative 
impacts on soil structure and water absorption capacity (Lado 
& Ben-Hur, 2009; Muyen et al., 2011). Additionally, some 
micronutrients potentially harmful to the development of 
sensitive plant species, such as boron and heavy metals, can be 
found in sewage effluents, and their progressive accumulation 
in the soil may make agriculture unviable. Therefore, before 
planning long-term wastewater irrigation, it is of prime 
importance to evaluate the probable effects of wastewater 
irrigation on soil degradation.

Wastewater effects on the soil depend, however, on a series 
of factors, such as the source and quality of the sewage effluents, 
crops to be irrigated and soil characteristics. Positive and 
negative impacts of irrigation with sewage effluents must be 

evaluated case by case, always associated with the type of soil 
irrigated and the planned management for the area.

This study aimed to evaluate the effects of irrigation with 
treated domestic wastewater and N fertilization on the chemical 
attributes of a Haplustalf  cultivated with upland cotton.

Material and Methods

The experiment was conducted in polyethylene pots 
maintained in a non-air-conditioned, arched-roof plastic 
greenhouse, with ceiling height of 2.5 m on the sides and 
3.5 m in the central part, and open sides to maintain natural 
ventilation. The structure was installed in an area belonging 
to the Company of Water and Sewage of the Paraíba State 
(CAGEPA), located in the municipality of Campina Grande-
PB, Brazil (7º 13’ 11” S; 35º 52' 31” W; 550 m).

The experimental design was completely randomized with 
four replicates and the treatments were arranged in a 5 x 4 
factorial scheme. The factors consisted of five nitrogen (N) 
doses in the soil (0, 45, 90, 135 and 180 kg ha-1), equivalent 
to 0, 50, 100, 150 and 200% of the N doses recommended for 
the irrigated cotton crop in the region (Cavalcanti, 2008), 
and four quality types of irrigation water: freshwater, from 
the public water supply system (FW); wastewater treated in 
upflow anaerobic sludge blanket (UASB) reactor; wastewater 
treated in UASB reactor and post-treated in two 0.5-m-deep 
intermittent sand filters in series (UASB+ISF); wastewater 
treated in septic tank and post-treated in 1-m-deep intermittent 
sand filter (TS+ISF).

The chemical characterization of the effluents used for 
irrigation and the directions for the interpretation of irrigation 
water quality (Pescod, 1992) are shown in Table 1.

The pots were filled with soil classified as Haplustalf from 
the municipality of Alagoa Grande, PB, collected in the 0-40 
cm soil layer in a rural settlement area with the following 
geographic coordinates: 7º 04’ 60” S and 35º 37' 50” W, at 
140 m of altitude. The area of collection is reminiscent of the 
cotton expansion period in the state of Paraíba and has been 
maintained under fallow for approximately 15 years. After 
collection, the soil was pounded to break up clods, passed 
through a 2-mm-mesh sieve and placed in pots with capacity 
for 45 L, above a layer of crushed stone of approximately 5 
cm of thickness, put at the bottom of the pots in order to 
facilitate the drainage of irrigation water. One soil sample 
was collected for chemical characterization (Table 2).

The soil has alkaline reaction with very high pH and 
extremely low levels of potential (H+ + Al3+) and exchangeable 
(Al3+) acidity, average content of organic matter and very good 
levels of phosphorus, potassium, calcium and magnesium 
(Alvarez V. et al., 1999). The soil is normal with respect to the 
level of salts and non-sodic in relation to the sodium saturation 
percentage (Ribeiro, 2010).

Upland cotton plants, cultivar BRS 286, were cultivated in 
pots under irrigation during one crop cycle, from July 2011 to 
January 2012. Planting was performed using six cotton seeds, 
with later thinning 15 days after emergence, leaving only one 
plant per pot, which was maintained until the end of the cycle.
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At planting, all experimental units received basal fertilization 
with single superphosphate and potassium chloride in order 
to meet the recommendation of 40 kg ha-1 of P2O5 and 20 kg ha-1 
of K2O for the crop (Cavalcanti, 2008). N fertilization was 
performed through a split application of urea (44% of N); one 
third at planting, one third at 30 days and the rest 60 days after 
emergence.

Daily irrigation was performed in order to replenish the 
daily evaporation of the crop (ETc), calculated based on the 
weekly crop coefficients (kc) determined by Azevedo et al. 
(1993) for medium-cycle cultivars of upland cotton in the state 
of Paraíba. Reference evapotranspiration (ETo) was obtained 
through the Penman-Monteith method, using climatic data 
recorded by a data logger installed in the experimental area. 
The weekly irrigation depths obtained in millimeters were 

converted to liters according to the superficial area of the 
pots and then divided for the application of daily irrigation, 
performed with the aid of graduated cylinders. The period of 
irrigated cultivation was equal to 123 days, with total water 
depth of approximately 620 mm, which was equivalent to the 
volume of 95 L of water or effluents in each pot, according to 
the treatments.

After the end of the cotton cycle, soil samples were collected 
in each pot and subjected to chemical characterization at the 
laboratory. The following variables were determined: soil 
pH; potential acidity (H+ + Al3+); organic matter content; 
contents of exchangeable calcium, magnesium, sodium and 
potassium; content of available phosphorus according to the 
methodology proposed by EMBRAPA (1997) and the contents 
of the micronutrients boron, copper, iron, manganese and zinc, 
according to the methodology proposed by Raij et al. (2001).

The obtained data were subjected to analysis of variance 
using the statistical program SISVAR. The effects of irrigation 
water quality were compared by Tukey test at 0.05 probability 
level, while the effects of N doses were evaluated through linear 
and quadratic regression analyses.

Results and Discussion

After irrigated cultivation, the mean pH values of the soils 
that received freshwater (FW) and treated effluents (UASB, 
UASB+ISF and TS+ISF) were similar, ranging from 7.54 to 
7.72 (Table 3). This behavior was possibly due to the similarity 
between the pH of the sources of water used for irrigation 
and is consistent with that observed by the other authors who 
compared the effects of irrigation with good quality water and 
treated wastewater in agricultural soils (Bedbabis et al., 2014).

In comparison to the initial condition, there was a 
slight increase in soil pH, lower than 1 unit, similar to that 

Table 1. Chemical characteristics of freshwater and wastewaters used for irrigation

FW - Frashwater from the municipal supply system; UASB - Domestic wastewater treated in UASB reactor; UASB + ISF – Domestic wastewater treated in UASB reactor and post-treated in 
intermittent sand filters; TS + ISF – Domestic wastewater treated in septic tank and post-treated in intermittent sand filter; ne - Not evaluated; COD - Chemical oxygen demand; N-Total - Total 
nitrogen; N-NH4 - Ammoniacal nitrogen; N-NO3 - Nitrate; P-Total - Total phosphorus; *SAR - Sodium adsorption rate: [Na/(Ca+Mg)/2]0.5; aThreshold levels of elements in waters intended 
for irrigation (Pescod, 1992)

Table 2. Characteristics of the Haplustalf used in the 
experiment

1OM = 1.724xOC (Walkley-Black); 2Method of Mehlich-1; 3Method of 1N KCl; 4Method of 
0.05N HCl; 5SB = Ca2+ + Mg2+ + K+ + Na+; 6Method of 0.5N Ca(OAc)2, pH7; 7CEC = SB 
+ (H + Al3+); 8ESP = (Na/CEC)*100; 9Method of hot water; 10Method of DTPA
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described by Leal et al. (2009a) and Tarchouna et al. (2010) 
after the practice of agricultural reuse for 16 and 23 months, 
respectively. Xu et al. (2010), however, found results different 
from the previously mentioned ones and observed reduction 
of 1.08 in the pH of a sandy clay soil subjected to irrigation 
with wastewater for 20 years.

These small alterations in soil pH as a function of the 
application of wastewater may be related to the addition of 
large doses of sulfates (Usman & Ghallab, 2006), release of 
exchangeable cations during the mineralization of organic 
matter (Kiziloglu et al., 2008), oxidation of organic compounds 
and nitrification of ammonia or the leaching of basic cations 
(Xu et al., 2010). According to Laurenson et al. (2012), the 
level of the modifications in active acidity is conditioned by 
the initial pH and the buffering capacity, which is the ability 
of the soil to resist to fluctuations in its pH.

The increasing doses of the N fertilizer, applied at planting, 
resulted in slight acidification of the soil after one crop cycle. 
Each increment of 100 kg ha-1 in the N dose applied via urea 
corresponded to a reduction of approximately 0.3 unit in soil 
pH (Figure 1). Despite its low magnitude, the acidifying effect 

of the N fertilizer was consistent and occurred regardless of 
the quality of the water applied through irrigation.

Soil acidification caused by N fertilization is a phenomenon 
widely documented in the literature, even under conditions 
of irrigation with effluents of high pH. Urea [CO(NH2)], 
when added to the soil, suffers enzymatic hydrolysis, which 
transforms the N present in the amidic form into ammonium 
ion (NH4

+). In situations of alkaline soils, as in the present 
study, this compound rapidly transforms into ammonia (NH3), 
which, under the action of nitrifying bacteria, is converted into 
nitrite (NO2

-) and then into nitrate (NO3
-), which is readily 

assimilated by plants. The reaction of nitrification of NH3 has 
acidifying effect, since three protons (H+) are released for each 
mol of NO2

- formed.
Despite the alterations suffered, soil pH remained above 7.0 

(Figure 1), which is considered by Alvarez V. et al. (1999) as 
very high for agriculture; however, in situations of continuous 
use, fertilizers can cause progressive and long-lasting reduction 
of pH, which interferes with the dynamics of solubilization 
of ions in the soil, directly affecting their absorption by the 
cultivated plants. 

It was not observed the presence of significant levels of 
exchangeable acidity (Al3+) before or after cultivation, which 
was expected, since in soils with pH values higher than 5.5 
the Al is found hydrolyzed and is precipitated in the form of 
Al(OH)3. Soils with pH above 7.0 do not have considerable 
amounts of (H+) protons either, which explains the low 
occurrence of potential acidity (H++Al3+) in the present study 
(Table 3).

After irrigated cultivation, there was severe reduction 
in the original content of soil organic matter (SOM), which 
dropped from 23.4 to 12.6 g kg-1, on average. However, even 
after cotton cultivation, the studied soil remained with SOM 
contents considered as very high by Alvarez V. et al. (1999).

The reduction in SOM contents was observed even in 
the treatments irrigated with treated wastewater, which is 

Table 3. Means and summary of the analysis of variance for pH values and contents of potential acidity (H+ + Al3+), 
soil organic matter (SOM) and exchangeable potassium (K+), calcium (Ca2+), magnesium (Mg2+) and sodium (Na+) in 
the soil after cultivation, as a function of the tested factors

FW - Frashwater from the municipal supply system; UASB - Domestic wastewater treated in UASB reactor; UASB + ISF – Domestic wastewater treated in UASB reactor and post-treated in 
intermittent sand filters; TS + ISF – Domestic wastewater treated in septic tank and post-treated in intermittent sand filter. ns, *, **Not significant and significant at 0.05 and 0.01 probability 
levels, respectively, by the F test of the analysis of variance
In each column, means followed by the same letter do not differ by Tukey test at 0.05 probability level

Figure 1.  Soil pH values after cultivation as a function of 
nitrogen (N) doses
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characterized by high concentrations of soluble organic matter. 
Other authors who observed similar effect attributed it to the 
high concentrations of organic C and N present in the domestic 
effluents, which may promote the increase of enzymatic and 
microbial activity of the soil, with consequent increment in 
SOM mineralization rates (Tarchouna et al., 2010). In addition, 
the alterations in an area for the adoption of an agricultural 
system affect the rates of SOM addition and decomposition 
and lead to the break of microaggregates, which may result in 
rapid reduction of the readily mineralizable fraction (labile) 
of the SOM (Zinn et al., 2005).

As to the different sources of irrigation water, the highest 
mean content of SOM was observed when the soil was irrigated 
with wastewater treated in UASB reactor, which is consistent 
with the higher contents of organic compounds, expressed in 
the form of COD, observed in this effluents. Soils that received 
effluents post-treated in intermittent sand filters showed SOM 
levels statistically similar to those observed in the treatment 
with water from the public supply system.

Tonetti et al. (2010) claim that the post-treatment of 
anaerobic effluents in intermittent sand filters is a very efficient 
strategy for organic matter degradation, reaching percentages 
of COD removal close to 99%. This is a relevant factor for the 
success of agricultural reuse of domestic wastewater, because, 
although it is beneficial for the soil, the organic matter added 
to the medium may form chelates with the metallic nutrients, 
reducing their bioavailability to the cultivated plants (Qishlaqi 
et al., 2008). When applied in excessive amounts, effluents with 
high charge of organic matter can even overload the adsorption 
sites of the soils and be leached to deeper layers, where they 
may cause contamination of groundwater by soluble forms of 
P and N (Anderson & Magdoff, 2005).

With respect to phosphorus, the treatments irrigated with 
sewage effluents showed P contents similar to those observed 
for the application of freshwater (Table 3). It is inferred that 
the P contents in the treated effluents were not high enough to 
cause considerable accumulation of the nutrient in this type 
of soil in a short term.

Studies conducted over a longer period and/or with 
effluents containing higher P contents, however, have 
reported considerable accumulations of the nutrient in the 
soil, notably in the subsurface layers of sandy soils (Rusan et 
al., 2007; Lado et al., 2012; Bame et al., 2014). The P added to 
the soils by the domestic sewage effluents is essentially found 
in the forms of orthophosphates (inorganic P) and organic 
phosphates (organic P), which are available to plants only 
after conversion to inorganic assimilable forms (Havlin et al., 
2013). However, this process is slow, which leads to longer 
periods of residence in the soil (Anderson & Magdoff, 2005), 
since P has high tendency to form complexes of medium 
and high binding energy with the solid phase of the soil, 
originating low-solubility compounds, while longer periods of 
contact may result in damages to the mobility and availability 
of the nutrient to plants, reflecting in higher accumulation 
in the soil.

In relation to the initial condition of the soil, there was 
an increment of about 160% in the contents of assimilable P, 
which remained at levels considered by Alvarez V. et al. (1999) 
as very good for agriculture. The increment can be essentially 

attributed to the basal phosphate fertilization, because even 
the treatments under irrigation with supply water showed 
such behavior.

In comparison to the initial soil condition (Table 3), there 
were reductions of about 20, 30 and 50% in the contents of 
Mg, Ca and K, respectively, which were probably due to the 
absorption of nutrients by the cultivated plants.

There were no significant differences in the contents of Ca 
and Mg of soils irrigated with the different sources of irrigation 
water (Table 3), which can be attributed to the similarity 
between the concentration of these nutrients in the effluents 
used (Table 1) or to the short time of irrigation. Leal et al. 
(2009a) point out that the response of soils to the application of 
cations through wastewater is possibly related to variations in 
the natural fertility of the soil, concentrations of the nutrients 
in the effluents and local characteristics of the production 
systems; more intensive systems lead to decreases and less 
intensive systems lead to accumulation of cations in the soil. 

As to potassium, its higher contents in the soil after 
cultivation were related to the application of treated wastewater, 
probably as a result of the K concentrations of the treated 
effluents that were up to four times as high as those observed 
in the freshwater. Soils irrigated with domestic effluents showed 
mean K contents within the range of 1.82 to 3.07 mmolc dm-3, 
considered by Alvarez V. et al. (1999) as good for agricultural 
cultivation, and the concentration observed for the treatments 
under supply water was classified as “medium” by the same 
authors (1.05 to 1.79 mmolc dm-3).

According to Arienzo et al. (2009), the K added to the 
soil through the disposal of wastewater has low levels of 
leaching, which causes the portion not absorbed by the plants 
to accumulate in the soil for long periods. Studies have also 
shown that, due to the low mobility of K ions in the soil, larger 
amounts of the element concentrate in the most superficial 
layers of the profile (Lado et al., 2012; Bedbabis et al., 2014).

Irrigation also increased the levels of exchangeable sodium 
in the soil, especially when treated effluents were used. Soils 
that received domestic wastewater showed mean Na contents 
up to 86% higher than those in the treatments irrigated with 
freshwater and 600% higher than those observed before 
planting (Table 4). Reports like these are very common in soils 
irrigated with sewage effluents (Leal et al., 2009b; Bedbabis 
et al., 2014), making Na accumulation one of the greatest 
concerns in areas of agricultural reuse (Muyen et al., 2011).

High Na contents in the exchange sites of clay minerals 
can be harmful to the soil, because they reduce the attraction 
between the mineral particles causing expansion and 
dispersion of clays, which may compromise the structure, alter 
porosity and reduce the hydraulic conductivity of the soil (Lado 
& Ben-Hur, 2009). Leal et al. (2009b) observed occurrence of 
clay dispersion in soils irrigated with wastewater containing 
up to 120 mg L-1 of Na+. Since the Na concentration in the 
effluents used in the present study was, on average, higher than 
150 mg L-1, the monitoring, as well as remediation of the soil 
after irrigation with these effluents, is of great importance to 
maintain the sanity and the potential for agricultural use of 
the irrigated area.

In comparison to irrigation with water from the public 
supply system, the application of treated sewage effluents 
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increased the contents of boron, copper, iron, manganese and 
zinc in the soil by up to 33, 31, 17, 20 and 44%, respectively 
(Table 4), maintaining the concentrations of these nutrients 
at levels considered as high for agriculture, according to 
Raij et al. (1996).

After irrigated cultivation, the concentrations of all 
evaluated microelements were, however, lower than those 
originally observed in the soil, indicating that irrigation with 
treated sewage effluents was not efficient at replenishing the 
micronutrients removed and/or absorbed by the crop. This fact 
leads to the inference that, in crops fertigated with reuse water, 
it is of great importance to evaluate the levels of micronutrients 
in the soil and in the effluent, complementing with fertilization 
if necessary.

Recent studies on the dynamics of micronutrients in soils 
irrigated with domestic wastewater have obtained inconsistent 
results. This can be attributed to the high fluctuation in the 
mobility of these elements in response to modifications in soil 
characteristics, to the various levels of absorption by plants 
and also to the different levels of extraction obtained through 
distinct methods of detection (Gwenzi & Munondo, 2008).

The accumulation of micronutrients and heavy metals 
due to the application of wastewater can be caused directly, 
by the composition of the applied effluents, or indirectly, by 
the increase in the solubility of the metals present in insoluble 
forms in the native soil, as a result of the chelation or acidifying 
action of the waste used (Rusan et al., 2007).

Bedbabis et al. (2010) analyzed the effects of irrigation 
with treated effluents along 2 years in a sandy soil cultivated 
with olive trees in Tunisia and observed that the application 
of wastewater promoted greater accumulation of Mn and Zn 
in the soil, compared with the management with good water 
quality. Lado et al. (2012), however, report that soils with 
similar texture irrigated with secondary effluents for 7 years 

showed lower Fe contents and Cu and Zn contents similar to 
those observed under the application of freshwater.

As to boron, most studies that mention its dynamics in areas 
of reuse have reported the increase in its contents in the soil 
resulting from the application of sewage effluents (Lado et al., 
2012). According to Ben-Hur (2004), B sources in domestic 
wastewater include human feces, household detergents and 
powdered soap. The authors also claim that the B removal 
rates by biological treatments methods, such as UASB reactors 
and septic tanks, are very low. This can be the justification 
for the higher contents of B observed in soils irrigated with 
wastewater treated only in UASB reactor, in relation to those 
receiving effluents subjected to one step of post-treatment with 
sand filters. The greater removal of B is a positive aspect in the 
production of effluents intended for the reuse in agriculture, 
because the high B accumulation in the superficial layers 
of soils irrigated with treated effluents can be toxic to some 
sensitive crops.

As mentioned by Rusan et al. (2007), the poor management 
of irrigation with wastewater, especially under long-term 
applications, may lead to problems of toxicity by heavy metals 
and high accumulation of nutrients, with deterioration of soil 
characteristics and quality of the cultivated products.

With respect to mineral N fertilization (Figure 2), each 
increment of 100 kg ha-1 in the N dose caused increase of 
2.42 mg dm‑3 in the mean content of Mn of the soils irrigated 
with different types of irrigation water. This result is probably 
related to the reduction of soil pH observed as a consequence 
of N fertilization. 

As claimed by Havlin et al. (2013), each increment of 1 unit 
in soil pH reduces by 100 times the concentration of the main 
form of Mn in solution (Mn2+). The authors claim that the low 
availability of Mn, usually observed in calcareous soils or soils 
with high pH, can be completely overcome by acidification, 
which promotes the solubilization of organic complexes and 
other poorly-available forms of Mn.

FW - Frashwater from the municipal supply system; UASB - Domestic wastewater treated in 
UASB reactor; UASB + ISF – Domestic wastewater treated in UASB reactor and post-treated in 
intermittent sand filters; TS + ISF – Domestic wastewater treated in septic tank and post-treated 
in intermittent sand filter. In each column, means followed by the same letter do not differ by 
Tukey test at 0.05 probability level; ns, *, ** Respectivelly not significant and significant at 
0.05 and 0.01 probability level by the F test of the analysis of variance

Table 4. Means and summary of the analysis of variance 
for the micronutrients boron (B), copper (Cu), iron (Fe), 
manganese (Mn) and zinc (Zn) determined in the soil at 
the end of the experiment

Figure 2.  Soil manganese (Mn) content after cultivation as 
a function of nitrogen (N) doses

Conclusions

1. Irrigation with wastewater promotes greater accumulation 
of micronutrients and potassium in the soil, compared with 
conventional management with freshwater.

2. The use of treated sewage effluents in fertigation leads 
to increase in the contents of exchangeable sodium in the soil. 
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3. High doses of nitrogen fertilizer reduce soil pH and may 
cause increase in manganese contents in the soil.
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