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ABSTRACT  

Fertigation with wastewaters is a great option for reuse of effluents in agriculture. 
Domestic effluent can be reused after primary treatment, reducing treatment costs and 
pollution, also providing water and nutrients to crops. This work aimed to quantify the 
nutrients income in coffee crop fertigated with domestic sewage. Five treatments were used. 
T1 received only clean water, and treatments T2, T3, T4 e T5 received 180, 350, 480 and 638 
mm of sewage, respectively, during four months. Monthly soil analyses allowed to quantify 
nutrient inputs of 67.45 kg ha-1 of N, 81.89 kg ha-1 of P, 33.34 kg ha-1 of K+, 173.24 kg ha-1 of 
Ca2+, 49.18 kg ha-1 of Mg2+, 161.56 kg ha-1 of Na+ and 116.19 kg ha-1 of S. Even though the 
treatments promoted reductions in fertilization and liming, it was still necessary to 
complement fertilization of coffee crop fertigated with domestic sewage. 
 
Keywords: wastewater; domestic effluent; fertigation; nutrients; coffee crop. 
 
Aporte de nutrientes no solo cultivado com cafeeiro fertirrigado com 

efluente doméstico 

RESUMO  
O efluente doméstico apresenta potencial de reúso e pode ser utilizado após tratamento 

primário, reduzindo custos e poluição, fornecendo ainda nutrientes às culturas. Este trabalho 
teve por objetivo quantificar o aporte de nutrientes no solo cultivado com cafeeiro arábica 
fertirrigado com efluente doméstico. Foram cinco tratamentos: T1, que recebeu água limpa 
somente e T2, T3, T4 e T5, os quais receberam lâminas de 180, 350, 480 e 638 mm, 
respectivamente, durante quatro meses. Análises mensais de solo permitiram quantificar 
aportes de 67,45 kg ha-1 de N, 81,89 kg ha-1 de P, 33, 34 kg ha-1 de K+, 173,24 kg ha-1 de 
Ca2+, 49,18 kg ha-1 de Mg2+, 161,56 kg ha-1 de Na+ e 116, 19 kg ha-1 de S. A fertirrigação  
promoveu redução na recomendação de adubação e calagem, requerendo, contudo, 
complementação de alguns nutrientes, principalmente de K+. A presença de Na+ representou 
riscos de salinização do solo. 
 
Palavras-chave: efluentes domésticos; fertirrigação; nutrientes; fertilização; cafeeiro. 
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1. INTRODUCTION 

Fertigation presents innumerable advantages in comparison with conventional methods 
of fertilization. Reduction of physical injuries in plants, none soil compaction, less energy 
requirements and better control in nutrient dosages that can be applied according to 
changeable needs of plants during its cycle. (Silva et al., 2005). Though, it is sometimes 
necessary to use more soluble fertilizers, which in turn, can increase production costs, also, 
presenting corrosion problems for the system (CFSEMG, 1999). 

On the other hand, the use of wastewater in fertigation has the great advantage of being a 
readily available source of quality water, promoting reuse, nutrients recycling, reduction in 
chemical fertilizers usage and contributions for environment preservation (Van der Hoek et 
al., 2002; USEPA, 2006).  

There are many types of wastewaters, but domestic sewage is on the spotlight mainly due 
to the amount produced, which makes it a great environment issue for disposal in water 
resources, not allowing this action to be performed without treatment. Yet, the area required 
for treating wastewater usually is very large, along with the high operational costs. 
Thereupon, soil disposal has been seen as a viable technology for treating and reusing 
domestic sewage, using its fertilization potential in accordance with economical, 
environmental and public health issues (Hespanhol, 2002; Jamwal and Mittal, 2010). 

According to Van der Hoek et al. (2002) the use of urban wastewater as a source of 
nutrients is one of the advantages regarded to its use in agriculture and many other authors 
have present the benefits of domestic sewage application in agriculture as source of nutrients 
and water. They have reported reduction in exchangeable Al3+ contents and aluminum 
saturation, increases in contents of N, P, K+, S, Ca2+, Mg2+, sum of bases (SB), organic matter, 
cation exchange capacity (CEC), base saturation (V) and micronutrients (Al-Nakshabandi et 
al., 1997; Falkiner and Smith, 1997; Léon and Cavalinni, 1999; Fonseca, 2001; Jnad et al., 
2001; Hespanhol, 2002; Medeiros et al., 2005; Souza et al., 2005; Toze, 2006; Heidapour et 
al., 2007; Morari and Giardini, 2009, Ferreira et al., 2010), despite benefic alterations in soil 
hydraulic conductivity, infiltration rate and apparent density, mainly due to the great amount 
of organic matter added (Matos, 2003), which acts like a soil conditioner, enhancing its water 
retention capacity (WHO, 2004). 

Fonseca (2001) and Souza et al. (2005) reported substantial reductions in conventional 
fertilizers, eliminating indeed nitrogen fertilization. Hespanhol (2002) affirms that, depending 
on the irrigation depth applied, till 60 and 300 kg ha-1 ano-1, of P and N can be provided, 
respectively. The USEPA (2006) have also presented results of better yields for annual crops 
due to wastewater application. Léon and Cavallini (1999) avowed that wastewaters are 
effective in nutrient transport required for crops and also reported increases in bean and fruit 
yields, principally due to nitrogen provision. Al Nakshabandi et al. (1997) observed increases 
in egg plant yields, probably regarded to effluent nutrients. Hespanhol (2002) reported better 
yields in beans, potato, cotton, wheat and rice. 

Hence, this work aimed to evaluate the potential use of domestic sewage as a source of 
nutrients through fertigation of coffee crop and moreover, quantify the addition of some 
essential nutrients onto the soil.  

 
2. MATERIAL AND METHODS 

The experiment was conducted at the Experimental Area of Waste Treatments (AETR), 
located at the Federal University of Viçosa (UFV), on the Agricultural Engineer Department 
(DEA). The soil, according to Souza et al. (2010), is a haplic cambissol (inceptsol) with 
latosol B textural. This experiment used only part of the AETR, i.e., 0,14 ha of coffee crop 
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and the structure used to pre treat and apply the wastewater. The pre treatment was composed 
by a screen, followed by a settling basin and a box (Sand retention device), for oil and grass 
removal. Hence, the wastewater was conducted to a sand filter. After filtering, it was stored in 
tank of 2,500 L, from where it was pumped into the drip irrigation system. Before entering the 
system the wastewater passed through a 120 mesh disc filter, able to filter till 5.0 m3 h-1. 

The soil was chemically characterized initially by complete routine analysis. After each 
month, a soil sample was collected for each treatment at three soil depths namely, 0 - 20 cm, 
20 - 40 cm and 40 - 60 cm. One simple sample was taken at each repetition, then, joined to 
form a composed sample for that treatment. 

The wastewater application was done during four months and the total fertigation depths 
applied to each treatment were calculated based on the mean Na+ concentrations reported by 
Medeiros et al. (2005) and Souza et al. (2005), which have used the same source of sewage. 
During the experiment the nutrients contents were analyzed monthly in the domestic effluent.  

The experiment was carried out in split split plots, using the randomized block design 
with four repetitions (Figure 1). The plots were composed by the treatments (different 
fertigation depths), the sub plots were the three soil depths sampled, and sub sub plot was the 
times evaluated (each of the four months). Each experimental plot was formed by eight coffee 
trees, occupying an area of 15 m2. Only the area of four coffee trees, in the middle of the each 
plot was used as sampling area. The other plants were left as separation between treatments. 

 

 
Figure 1. Treatment distribution in the field. 

  
The fertigation depths were 180, 350, 480 and 638 mm, for the treatments T2, T3, T4 e 

T5, respectively. T1 received the same depth of T5, but, only clean water. The daily depths 
applied were 4.85, 6.80, 6.47, and 10.62 mm, on April, May, June and July, respectively. 
After the application of the fertigation depths, the addition of nutrients to the soil was 
assessed.  

The effluent application was suspended immediately after the fertigation depth 
established for each treatment was reached. Afterwards, the supplemental fertilization was 
done with potassium chloride (KCl), discounting the amounted provided by the wastewater. 
The assessment of nutrient doses applied was done by multiplying the nutrient concentration 
in the wastewater (mg L-1) and the fertigation depth (mm) during the month. After reaching 
the fertigation depth previously stated, the treatment received only clean water.  

Daily fertigation and irrigation were preferable because of the short time available for 
carrying out the experiment. Therefore, no weather or soil data were used to fertigation 
management. 

Sewage 
Storage 

Water 
Storage 
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3. RESULTS AND DISCUSSION  

The domestic effluent presented different concentrations of elements during the 
experiment, thus confirming the season influence on its characteristics. Those variations were 
also confirmed by Medeiros et al. (2005), Batista (2007), and Souza et al. (2010), which have 
used the same source of wastewater in their tests. On Table 1 are shown the mean 
concentrations for some nutrients in the wastewater. 
 

Table 1. Chemical characterization of the domestic wastewater.  

Nutrient concentration in the wastewater (mg L-1) Month 
N P K+ Ca2+ Mg2+ Na+ Mn S 

April - 6,39 5,40 16,53 4,28 29,13 - 77,12 
May 6,16 7,64 8,00 52,8 15,23 41,00 0,03 22,64 
June 30,80 10,14 3,88 19,15 5,35 43,00 0,06 - 
July 6,16 21,07 4,32 21,15 6,09 34,00 0,02 - 

Mean 14,37 11,31 5,40 27,41 7,74 36,78 0,04 49,88 
“–” No sampling was done for this element.  

 

The N contents ranged widely being always below the typical concentration suggested by 
some authors, which is, 40 to 80 mg L-1 (Von Sperling, 2005) and 50 mg L-1 (Pescod, 1992). 
The recommendation of N is based on its leaf contents or on the organic matter in the soil, 
but, when none of these values are known it is suggested to apply 350 kg ha-1 in order to 
achieve yields of 30 – 40 sacks (CFSEMG, 1999). The amount provided by the wastewater 
was 67 kg ha-1 (Table 2) and therefore, the recommended dose decreased to 282 kg ha-1, 
representing a reduction of 19% in N fertilization.  

The P concentration varied as well. It was smaller in the experiment beginning always 
close to the lower limit suggested by Von Sperling (2005), which is, 4 mg L-1. On the last 
month there was a great alteration and the P concentration has reached 21.1 mg L-1, really far 
from the typical range for domestic wastewater. Phosphorus is found in many different forms 
in domestic wastewater (organic, complex inorganic, soluble orthophosphate) and can be in 
available or unavailable forms. This change in concentration can be related to variations 
among these forms in the wastewater. 

Regarding P fertilization, it is important to emphasize its high adsorption and 
immobilization in high weathered tropical soils, especially in clay soils with elevated contents 
of Fe and Al oxides that retain P strongly and release it in very slow rates. It could be 
observed in this experiment, by checking the values of remaining P (Prem), which usually is 
found low, as seen in this work. The P apportion was adequate, but, soil adsorption could 
diminish its availability for plants. However, the wastewater application was sufficient to 
modify the soil classification regarding the P content, which, in the beginning of the tests was 
very low (1.6 mg dm-3) and after wastewater application it rose for 10.42, being therefore 
classified as medium.  
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Table 2. Nutrients provided to soil due to wastewater fertigation of 638 mm depth. 

Nutrientes doses (kg ha-1) 
Month 

N P K+ Ca2+ Mg2+ Na+ S 

April - 6,82 5,77 17,64 4,57 31,10 82,34 
May 9,21 11,42 11,96 78,93 22,77 61,30 33,84 
June 43,85 14,43 5,52 27,26 7,62 61,22 - 
July 14,39 49,21 10,09 49,39 14,22 7,94 - 
Total 67,45 81,89 33,34 173,24 49,18 161,56 116,19 

“–” No sampling was done for this element.  

 

The concentration of K+ was always below the mean values reported by Medeiros et al. 
(2005) and Souza et al. (2005), which obtained mean concentrations of 39.1 mg L-1 e 32.3 mg 
L-1, respectively. Pescod (1992) and WHO (2004) affirm that the K+ concentrations are 
around 30 mg L-1 in domestic wastewater. In the first soil sampling the K+ contents were 
considered very low and, at the final sampling, even after application of 638 mm depth of 
wastewater (T5), the potassium content stayed practically the same (Table 3). Despite being 
not enough to fulfill the crop requirements, the amount provided to the soil by domestic 
wastewater application was 33.3 kg ha-1 (Table 2). 

According to the CFSEMG (1999), the recommended dose of potassium for a yield of 30 
sacks ha-1 is 300 kg ha-1 of K2O (Table 3). Hence, the dose to be applied for complementing 
the K+ fertilization was reduced to 259.9 kg ha-1 of K2O, which represents a 13% reduction.  

The results achieved here confirm the reports of Medeiros et al. (2005) and Souza et al. 
(2010). Those authors did not found amounts of K+ applied able to satisfy the coffee crop 
needs. Matos (2003) validate that the K+ concentration in domestic wastewater is low, 
principally when compared with Ca2+ and Mg2+ concentrations. Thus, in order to provide 
adequate amounts of potassium in areas fertigated with domestic wastewater, it is mandatory 
to complement fertilization with a chemical source of K+.  

 
Table 3. P and K contents in soil at the initial and final sampling and recommendation of doses for 
each treatment.  

  Final Sampling  Recommendation 

 P Class K Class Prem P2O5 K2O 
 mg dm-3 mg dm-3 mg dm-3 kg ha-1 

T1 8,27 Low 53,5 Low 24,5 50 300 
T2 9,36 Medium 43,9 Low 25,39 40 300 
T3 8,82 Medium 32,35 Low 25,79 40 300 
T4 3,95 Very Low 29,5 Low 25,81 50 300 
T5 10,24 Medium 27,95 Low 25,94 40 300 

  Initial Sampling  Recommendation 

 P Class K Class Prem P K 
 1,6 Very Low 27 Low 25,7 50     300 
Note: Prem = remaining P. 
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In Table 4 are presented values of some elements used for assessing the amount of lime 
to be applied according the Al3+ neutralization method. It is shown that there was a reduction 
in Al3+ contents and also increments in Ca2+ and Mg2+, which worked together for increasing 
both bases saturation index and potential cation exchange capacity (CEC).  

The wastewater application promoted reductions ranging from 15 to 26% in lime 
recommendation, presenting a considerable economy in use of lime, since the minimal 
application for this soil corrective stays, in general, around 2,5 t ha-1 (CFSEMG, 1999). When 
using limes with higher Mg concentrations, economy can be even higher, since these 
corrective are more expensive. Thereupon, depending on the amounts of Mg provided by 
wastewater application, correction could be carried out only with regular lime, usually 
cheaper.  

The treatments T1 and T2 received complementary fertilization with K+, which have also 
contributed for increases in Va, T, t and also, K+ contents, which were 53,5 and 
43,9 cmolc dm 3, as seen in Tables 3 and 4. 

 

Table 4. Some nutrient contents and lime recommendation by the Al3+ neutralization 
method. 

 Al3+ Ca2+ Mg2+ t T Va Liming Reduction 
   cmolc dm-3 % t ha-1 % 

Beginning 0,87 0,41 0,15 1,52 3,55 18,3 4,50 0 
Final T1 0,78 0,83 0,23 1,99 5,42 21,37 3,83 15 
Final T2 0,58 0,85 0,23 1,82 4,73 26,16 3,46 23 
Final T3 0,54 0,87 0,26 1,81 4,98 24,99 3,33 26 
Final T4 0,64 0,83 0,20 1,80 4,80 24,42 3,61 20 
Final T5 0,74 0,80 0,21 1,89 4,44 26,00 3,81 15 

Note: t = effective CEC; T = CEC at pH 7,0; Va = base saturation. 

The Na+ contents behave seasonally, as related by Medeiros et al. (2005) and Souza 
(2010), which have used the same source of sewage in their studies. The values were quite 
high, providing a total of 161,51 kg ha-1 during the experimental period. Souza et al. (2010) 
reported apportions of 286,38 kg ha-1 of Na+ after application of 743 mm of domestic effluent, 
which probably promoted reduction in hydraulic conductivity of the soil tested. The presence 
of Na+ in domestic sewage is the main concern regarding its reuse in agricultural crops, since 
it represents risks of salinization and reduction of crop yields (Matos, 2003). Ferreira et al. 
(2010) observed increments of Na+ contents in all the soil samples that were fertigated with 
domestic sewage. Also, increases in sodium adsorption rate (SAR) and Percentage of 
exchangeable sodium (PES) were reported, representing therefore moderate risks of soil 
salinization. As the fertigation depths were increased it promoted Na+ leaching along the soil 
profile. 

The amount of S was enough according the coffee crop needs. In general, this nutrient 
does not represent limitations for crops, once many fertilizers have some amount of S, such 
limes, ammonium sulfate and superphosphates. So, the use of them provide also the S 
requirements. 

 
4. CONCLUSIONS 

The fertigation of domestic wastewater in crops was suitable for reuse of this effluent in 
agriculture, reducing its pollution hazard. The application of domestic wastewater in soil 
cultivated with coffee was efficient in supplying some essential nutrients for plant growth, 
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such N, P, K+, Ca2+, Mg2+ and S, promoting augments in concentration of these nutrients in 
soil, sum of bases, decreases in Al3+ contents and  also reductions in recommended doses of 
fertilizers and liming, therefore, decreasing costs with fertilization. The Na+ concentrations 
represented great concern since it can head to soil salinization. However, due to imbalance of 
some nutrients within the domestic wastewater as well the seasonality of concentrations, 
regular monitoring in a monthly basin should be done, in order to assess the amounts applied 
to the soil and hence, complement more precisely the nutrients for the crops and also avoiding 
soil salinization.  
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