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Abstract 

Purpose Fertigation plays an important role in the so-called circular economy since it relies on the reuse of water and 

nutrients; therefore, this method is fundamental for production in areas with scarce resources. This study aimed to 

evaluate the effects of fertigation of soil plots with sewage on soil attributes, germination of seeds, and growth of 

bean and corn. 

Method Due to the low concentrations of macronutrients in the sewage, the applied dose was calculated based on the 

water deficit. Three plots cultivated with maize and three plots cultivated with beans were fertigated, while the same 

number of plots received irrigation and mineral fertilization in amounts equivalent to the dose of nitrogen adminis-

tered in the sewage for comparison. 

Results There was an increase in the cation exchange capacity (74.6%), nitrogen (10.4%), available phosphorus 

(190.5%), and organic matter (44.9%) contents in the fertigated soil compared to those in the soil of the plots that 

received chemical fertilization, resulting in greater germination and corn and bean growth. Analyses indicated that 

the coliform count in beans is below the detection limit of the technique used. 

Conclusion Based on the results obtained, there are indications that fertigation can provide improvements in soil at-

tributes at values higher than those provided by chemical fertilization, reducing the need to apply these macronutrients 

and irrigation water to the soil. Furthermore, fertigation can be sanitary and safe, since the count of microorganisms 

in the beans was not higher than that recommended by the World Health Organization (WHO). 
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Introduction 

 
Population growth and the consequent increase in de-

mand for drinking water worldwide, in addition to the 

quantitative and qualitative water resource scarcity, 

have created conflicts over the use of water and led to 

an increase in its distribution costs (Booker et al. 2012; 

Justes et al. 2014). In parallel, food demand is directly 

related to population increases. Thus, the need for in-

creasing food production is imminent, but there is no 

provision for unlimited mineral fertilizer reserves, and 

there is great concern about the future availability of this 

resource (Pantano et al. 2016).  

As the population grows and the goods produced from 

raw natural materials are used, wastewater, such as sew-

age, is generated. This is formed by 99.9% water and 

0.1% impurities (Von Sperling 2014), among which are 
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organic matter, nitrogen, phosphorus, potassium, and 

micronutrients, which, if deposited in nature unregu-

lated, may lead to several negative environmental im-

pacts on the physical environment (soil, air, and water). 

Thus, conventional agricultural practices do not present 

themselves as sustainable, with soil chemical exhaus-

tion and water contamination, and must be rethought. 

Fertigation consists of the controlled disposal of 

wastewater in the soil, with doses defined according to 

the nutritional needs of crops (Matos and Matos 2017). 

Thus, it plays an important role in the so-called circular 

economy, since water and nutrients are reused, present-

ing itself as fundamental for production in areas with 

natural resource scarcity (Hamilton et al. 2007; Keraita 

et al. 2008; Kihila et al. 2014). Furthermore, the use of 

this technique in Brazil has the potential to reduce costs 

associated with chemical fertilizers, mitigate environ-

mental problems caused by the lack of basic sanitation, 

especially in agricultural areas, and increase the produc-

tivity of cultivated crops. 

Different studies have demonstrated the potential for 

wastewater use in agricultural production. Santos et al. 

(2016), for instance, found that it is possible to increase 

cotton production by 44% by performing fertigation 

with raw sewage rather than relying on chemical fertili-

zation. The reason for this finding is that sewage has a 

wide range of macro- and micronutrients in addition to 

organic matter (Thapliyal et al. 2011), which differs 

from mineral fertilizers, favouring the greater develop-

ment of crops. In the same evaluation by Santos et al. 

(2016), it was also observed that crop production was 

22% higher when raw sewage was used than when 

treated sewage was used due to the removal of nutrients 

and organic matter during the treatment stages, leaving 

the ions that are more difficult to remove, such as so-

dium and potassium (Western Consortium for Public 

Health 1992). As a result, costs for irrigation water and 

chemical fertilizers are reduced, since part of the water 

and nutrient demand may be supplied by fertigation 

(Marques et al. 2017). Due to these wastewater charac-

teristics, authors such as Erthal et al. (2010), Lo Monaco 

et al. (2009, 2011), Souza et al. (2010), Souza et al. 

(2015), Pereira et al. (2016), and Jorge et al. (2017a) ob-

tained positive results from the application of different 

effluents, with improvements in soil physical and chem-

ical attributes and higher crop productivity. In addition 

to evaluating crop growth, the effect of fertigation on 

the production of seedlings (Silva et al. 2013) and seeds 

(Oliveira et al. 2014) has also been evaluated to further 

promote agricultural practices. 

To evaluate crop fertigation results, the germination in-

dex (GI, or percentage of seeds that thrived), germina-

tion velocity (GVI), and seed vigour (SVI) (Abdul-Baki 

and Anderson 1973; Oliveira et al. 2014; Divya et al. 

2015; Paiva et al. 2016) are commonly used, and the nu-

trient contents in plant tissue and dry mass production 

are determined (Silva et al. 2012). Since fertigation with 

sewage or with wastewater from animal farms may in-

troduce pathogenic organisms into the soil, it is neces-

sary to perform a crop health assessment (Paiva et al. 

2016). 

The World Health Organization (WHO 2006) presents 

two irrigation types that are aimed at preventing the 

transmission of various diseases and that optimize the 

conservation and recycling of water resources. The first 

is restricted irrigation, in which there can be no more 

than one human intestinal nematoid per litre, and the 

second is unrestricted irrigation, in which no more than 

a thousand thermotolerant coliform bacteria can be pre-

sent per hundred millilitres. 

Thus, this study aimed to evaluate the effect of raw sew-

age fertigation on the soil and the germination and 

growth of two crops: maize and beans. Furthermore, we 

also assessed the plant health of fertigated beans. 

 

Materials and methods 

 

Study area 

 

The experiment was performed at the wastewater treat-

ment plant of the Federal University of Lavras (WWTP-

UFLA), Lavras, Minas Gerais, Brazil. The WWTP-

UFLA has a treatment system consisting of thick and 

thin grids (preliminary treatment), upflow anaerobic 
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sludge blanket (UASB) reactors and submerged aerated 

filters (SAFs) (secondary treatment), and chlorination 

disinfection and contact tanks with UV lamps. It is of 

interest to the institution that this wastewater could be 

used in green areas of the campus. The choice to use raw 

sewage rather than treated sewage is due to the observa-

tions of several studies as conducted by Santos et al. 

(2016), which showed that there is a reduction in the 

green mass production potential after sewage treatment 

steps, given the nutrient and organic matter removal. 

During the experimental period (90 days), seven collec-

tions were made, with sewage sampling performed be-

fore the beginning of the experiment (previous charac-

terization) and during fertigation use (six collections), 

with sampling performed on day 0 of application and 

then every two weeks until the 90th day of fertigation, 

completing the evaluation cycle. The aim was to evalu-

ate the chemical element concentrations present in the 

wastewater applied to the plots. The following variables 

were analysed from the samples following methodolo-

gies described in APHA et al. (2012) and Matos (2012): 

potential of hydrogen (pH) (MS Tecnopon mPA210 pH 

meter) and electrical conductivity (EC) (Hanna Instru-

ments HI 8731 conductivimeter), determined by poten-

tiometry; total solids (TS) and total suspended solids 

(TSS), by gravimetry; biochemical oxygen demand 

(BOD), by the Winkler method; chemical oxygen de-

mand (COD), by the closed reflux method; total 

Kjeldahl nitrogen (TKN), by the Kjeldahl method; so-

dium (Na) and potassium (K), by flame photometry 

(Jenway EW-83055-05 flame photometer); and total 

phosphorus (P) (UV-VIS AF1403009 spectrophotome-

ter), by the colorimetric method. 

Table 1 shows the characterization of sewage from the 

WWTP-UFLA before its use in the fertigation of the ex-

perimental pots. These data were used as a reference for 

the delineation of the experimental conditions. Ana-

lyzes were performed two weeks before the beginning 

of the experiment, in order to allow the definition of the 

dose to be applied. 

 

Table 1 Physical and chemical characterization of WWTP-UFLA sewage before fertigation 

pH EC BOD COD TKN Na TSS TS K P 

- dS.m-1 ----------------------------------------------mg.L-1--------------------------------------------- 

6.98 ± 

0.25 

0.747 ± 

0.146 

691 ± 

101 

1,200 ± 

200 

13 ± 

2 

35 ± 

1 

585 ± 

74 

1,258 ± 

13 

33 

± 1 

15 

±3 

 

Fertigation and irrigation management 

 

According to Matos and Matos (2017), the depth at 

which fertigation should be applied depends on crop 

needs and the nutrient concentration in the wastewater, 

reaching the depth by the reference chemical element, 

the one supplied with the smallest amount of solution. 

However, given the low concentrations of nutrients and 

sodium in the sewage from the WWTP-UFLA, this cal-

culation was based on crop evapotranspiration and daily 

precipitation (water balance), according to Equation 1, 

considering an application efficiency of 100%. The soil 

water storage capacity term was considered null because 

it is linked to the root system of crops. In the case of 

corn and beans, it would be 50 and 40 cm, respectively, 

greater than the depth of the experimental pots (20 cm). 

ID = ∑ ETci  - ∑ Pi - ΔSWS (Equation 1) 

where: 

ID = irrigation/fertigation depth (mm); 

ETci = crop evapotranspiration in the irrigation period 

(mm); Pi = precipitation in the irrigation period (mm); 

and ΔSWS = soil water storage variation (mm). 

To calculate the reference evapotranspiration (ETo), the 

Penman-Monteith (FAO) method (Allen et al. 1998) 
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was employed (Equation 2) using the EvapoWeb web-

site (http://evapoweb.com.br/) developed by the Federal 

University of Lavras. On the other hand, Equation 3 al-

lows the calculation of crop evapotranspiration (ETc), 

which considers the crop coefficient (kc) value. 

ETo = ((0.408 . ∆ . (Rn – G)) + γ  . (900 (T ⁄ + 273)) . 

u2 . (es - ea))  (∆ ⁄ + γ . (1 + 0.34 . u2)) (Equation 2) 

where: 

ETo = reference evapotranspiration (mm.d-1); 

∆ = slope of the saturation vapor pressure curve 

(kPa.(oC)-1) 

Rn = daily radiation balance (MJ.m-2.d-1); 

G = total daily heat flow in the soil (MJ.m-2.d-1); 

γ = psychometric coefficient (kPa.(oC)-1)); 

T = average air temperature at a height of 2 metres (oC); 

u2 = wind velocity at a height of 2 metres (m.s-1); 

es = vapor saturation pressure (kPa); and 

ea = current vapour pressure (kPa). 

ETc = ETo . kc (Equation 3) 

where: 

ETc = crop evapotranspiration (mm.d-1); 

ETo = reference evapotranspiration (mm.d-1); and 

kc = crop coefficient. 

The meteorological data required in the experiment 

were obtained from the Conventional Meteorological 

Station of the National Institute of Meteorology 

(INMET), located on the UFLA campus. According to 

the Köppen climate classification, the climate of Lavras 

is classified as cwa – monsoon-influenced humid sub-

tropical climate. The kc was established according to the 

crop phase, with the initial value equal to 0.4, the inter-

mediate value equal to 1.15, and the final value equal to 

0.35 for both crops (Mendonça et al. 2007). These kc 

values were obtained for beans based on average values 

for different world regions (Allen et al. 1998). Thus, as 

it was necessary to evaluate the effect of the same irri-

gation depth on both crops, it was also used as a refer-

ence for corn. Water and sewage applications were per-

formed 3 times per week, with irrigation/fertigation sep-

arated throughout the day, in the morning and afternoon. 

For irrigation/fertigation application, a manual method 

was utilized, using a watering can to supply the required 

depth with the solution applied to the surface of the 

leaves. 

 

Sowing and fertilization 

 

The experiment was conducted in twelve 21 cm x 20 cm 

x 22 cm soil pots, six of which were cultivated with corn 

(Agrisure TL® – BT11 – cultivar) and the others with 

beans (EMBRAPA BRS Pérola cultivar), aiming to be 

an exploratory study of the effect of fertigation in pots 

and for the evaluated cultures. These crops were chosen 

to enable the evaluation of the possible different re-

sponses by species of great importance in Brazilian food 

and the study of a representative leguminous plant (ca-

pable of fixing atmospheric nitrogen) (Ponciano et al. 

2003; Machado et al. 2008), being fast-growing food of 

great relevance to poor areas (Nassary et al. 2020). 

Therefore, they are an alternative for areas that lack san-

itation solutions and can provide water and nutrients for 

food production (Marques et al. 2017; Marques et al. 

2020). 

A total of 0.01 m³ of soil collected at the UFLA campus, 

characterized as Red Latosol (Curi et al. 2016), was 

placed in each pot (Fig. 1).  The repetitions were placed 

side by side in rows – in the first row referring to the 

fertigated crop and in the next, the irrigated crop (Fig. 

1). The soil pots were placed in an uncovered area with 

sunlight for most of the day. In addition, the soil sam-

ples were homogenized before being distributed among 

the pots; therefore, there were no differences between 

the conditions of the treatments and repetitions (only of 

crops and availability of water and nutrients). 

At sowing, two seeds were placed in each pot. If the 

seedlings did not emerge after 14 days, 2 more seeds 

were sown in each pot.  

To assess the fertigation effect, six plots (three with 

maize and three with beans) received sewage, while the-

other six received water and chemical fertilization. Fer-

tilization was performed with NPK fertilizer (4-14-8), 

with an amount of N equivalent to what would be ap-

plied to the soils if the UFLA sewage maintained the 

http://evapoweb.com.br/
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chemical characteristics presented in Table 1. As it is a 

wastewater with a low concentration of nutrients, the 

calculation was made based on the estimated water loss 

in the first week of fertigation and how much would be 

added with sewage (considering the concentration pre-

sented in Table 1). Based on these values, it was extrap-

olated for application during the work evaluation period 

(10 weeks). As suggested in Minas Gerais State Soil 

Fertility Commission (CFSEMG 1999), chemical ferti-

lizers were divided into 30% for planting, 35% at 30 

days, and 35% at 60 days after seedling emergence. As 

there is a large variation in the wastewater nutrient con-

centration, due to the different uses of the water on the 

campus, it was evaluated (at the end of the experiment) 

whether the amount of N added by fertigation was lower 

or higher than that administered via chemical fertiliza-

tion. The nutrient amount added was compared with the 

recommended nutrient addition for these crops 

(CFSEMG 1999).  

 

  

 Fig. 1 Disposing of corn and bean pots (in triplicate)

 

Fertigation effects 

 

To assess the influence of fertigation, the experiment 

was divided into two phases. In the first phase, from 

August 28 to October 28, 2018, the pH of the soil col-

lected on the campus was not corrected by liming, and 

there was no nutrient supplementation before the begin-

ning of the experiment to observe what benefits the 

sewage could provide in unprepared soil. With these 

methods, it was possible to investigate the use of the 

sewage (WWTP-UFLA sewage) as a macro- and mi-

cronutrients source in poor soils, allowing for the re-

duction of expenses with chemical fertilization and ir-

rigation. Thus, the first germination period, stem 

length, GI, GVI, and SVI were monitored, with SVI be-

ing calculated as suggested by Abdul-Baki and Ander-

son (1973), by Equation 4: 

SVI = GI (%) * plant length         (Equation 4) 

The plant length used in this equation is the average 

of the root and stem lengths. At the end of the experi-

ment, plants were carefully removed from the pots to 

allow measurement of root length (to enable SVI to be 

calculated), while stem length was measured weekly. 

The soil characteristics (i.e., pH and nutrient contents) 

were also evaluated for the fertigated soil as well as 

the soil that received the chemical fertilizer, with the 
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samples being sent to the UFLA Soil Fertility Labor-

atory. The analyses were performed on soil from the 

surface layer (0-20 cm), and a composite sample was 

created from plots exposed to the same treatment (fer-

tigated or irrigated and fertilized). 

As a function of the lower than expected crop growth, 

the second phase (after October 28) was carried out. 

To provide better development, in addition to chemi-

cal fertilization and fertigation with WWTP-UFLA 

sewage, sludge from the same station was added, tak-

ing into account the soil and sewage sludge character-

ization (Table 2) performed by Farias (2018) and the 

need for nutrient addition (CFSEMG 1999).  

This practice was performed to improve water reten-

tion in the soil following organic matter (OM) addi-

tion (Matos 2014) and to provide additional P, as the 

crops showed indications of deficiency in this macro-

nutrient (e.g., they had purple-coloured leaves in the 

early growth stage) as indicated in the literature 

(CFSEMG 1999). In each plot, 15 grams of wet sludge 

was added six weeks after planting, in a single appli-

cation. Thus, all soils in the treatments received or-

ganic fertilization in the same amount and application 

conditions so that the differences between the plots 

continued to be the crop (beans or corn) and the type 

of fertilization (chemical fertilization or fertigation 

with WWTP-UFLA sewage). 

 

Total and thermotolerant coliform analyses 

 

For microbiological analysis of the samples, 2.0 g of 

bean grains was collected 90 days after the beginning 

of fertigation (the last day of application), and the 

samples were subsequently weighed and macerated. 

Then, 20 mL of the diluent was added (0.1% peptone 

water in the proportion of 1:10 (w:v) with the weight 

of the sample). This dilution was considered 10-1. The 

samples were homogenized by manual agitation for 60 

seconds in peptone solution for further dilutions up to 

10-7. The total and thermotolerant coliform analyses 

followed Method 9211: multiple-tube fermentation 

technique (APHA et al. 2012). With this approach, the 

presumptive method for total coliforms was per-

formed, including the use of lauryl sulfate broth and 

incubation at 35 °C for 48 hours in a bacteriological 

oven. The results were quantified by the most proba-

ble number (MPN) method and replicated in EC me-

dium broth for thermotolerant coliforms at 44.5 °C for 

24 hours. The results of this test were then visually as-

sessed by the presence of CO2 and the MPN method. 

 

Table 2 Average values and standard deviation of the 

raw sewage sludge characteristics of the WWTP-

UFLA UASB reactors in different phases 

Variable In natura sludge 

Humidity (%) 86.30 ± 0.08 

pH (1:2.5) 6.60 ± 0.03 

EC (dS.m-1) 1.660 ± 0.007 

TOL (%) 4.61 ± 0.79 

OM (dag.kg-1) 7.95 ± 1.36 

P (g.kg-1) 2.22 ± 0.93 

TKN (g.kg-1) 48.62 ± 1.53 

TS (g.kg-1) 176.6 ± 9.3 

TFS (g.kg-1) 69.2 ± 5.4 

TVS (g.kg-1) 107.4 ± 4.9 

TOL, total organic load; TFS, total fixed solids; TVS, total 

volatile solids; and OM, organic matter. The characterization was 

carried out in the same year as the sludge was used in the present 

work. Source: Farias (2018) 

 

Results and discussion 

 
Irrigation and fertigation 

 

Table 3 shows the monthly precipitation, evapotran-

spiration, and irrigation depths recorded in the moni-

toring period. Because the experiment occurred in a 

period of intense rainfall and the pots were kept un-

covered, simulating conventional planting, it was nec-

essary to apply less sewage. Thus, the differences be-

tween the treatments (clean water and sewage) would 

be larger in a dry season. It is important to note that 

the calculation of the irrigation and fertigation depth 
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to be applied was done week by week, which is why 

there is a difference between the subtraction of the 

evapotranspiration and precipitation and what was ap-

plied. 

 

Fertigation influence on soil without fertilization 

 

Table 4 shows the results of the soil chemical analyses 

performed on samples collected six weeks after the  

beginning of sewage application (and before the addi-

tion of sludge) to the corn and bean pots. 

 

 

Table 3 Values of precipitation, crop evapotranspiration (ETc), and sewage and clean water application accumulated 

per month 

Month 
Precipitation 

(mm) 

Crop evapotranspiration 

(mm) 

Irrigation depth 

(L) 

Irrigation depth 

(mm) 

Septem-

ber 
52.60 102.60 2.98 70.95 

October 201.10 79.98 2.12 50.48 

Novem-

ber 
218.50 65.00 0.96 22.86 

 

Table 4 Results of chemical analyses of soil (0-20 cm) before and after irrigation and fertigation with WWTP-UFLA 

sewage 

Soil * Virgin Irrigated Fertigated Fertigation increase (%) 

pH - 7.5 7 7.3 - 

K mg.dm-3 43 203 137.8 -32.1 

P mg.dm-3 0.51 9.7 1.33 -86.3 

Na mg.dm-3 1.2 3.6 64.5 1,691.70 

Ca2+ cmol.dm-3 0.75 1.38 3.61 161.6 

Mg2+ cmol.dm-3 0.25 0.37 0.24 -35.1 

Al3+ cmol.dm-3 0.02 0.01 0.01 0 

H+Al3+ cmol.dm-3 1.33 1.04 0.84 -19.2 

EB cmol.dm-3 1.34 2.27 3.97 74.1 

t cmol.dm-3 1.36 2.28 3.98 74.6 

T cmol.dm-3 2,38 3.6 4.81 33.6 

V % 56.4 63 82.5 31 

M % 0.25 0.44 1.47 234.1 

OM dag.kg-1 0.97 0.98 1.42 44.9 

Prem mg.L-1 1.9 2.84 8.25 190.5 

N g.kg-1 1.12 1.54 1.7 10.4 

* Soils without sludge addition. 

 

The values presented indicate that fertigation with 

WWTP-UFLA sewage provided increased levels of Na, 

Ca, cations (EB), remaining P (or available P), and N, 

being superior to chemical fertilization. With the higher 

OM contribution, it also provided an increase in the cat-

ion exchange capacity (CEC) of the soil (effective and 
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potential) through the availability of negative charges 

and bases (Matos and Matos 2017), which resulted in a 

higher pH than in the irrigated soil. 

Although the OM content increases after sewage appli-

cation, soils may still be classified as having low fertil-

ity according to OM contents (Nascimento et al. 2004). 

Duarte et al. (2008) found values close to those reported 

in this study when applying treated sewage to soil at a 

rate of approximately 1.6 dag.kg-1, indicating that OM 

incorporation by fertigation is a slow process, which is 

why the WWTP sludge was added. 

N levels commonly found in cultivated soils range from 

0.6 to 5.6 g.kg-1 in the surface layer (Matos 2012). 

Hence, the values presented here are within the expected 

range, falling close to the lower limits. The need for 

complementary addition of N to increase the crop pro-

duction potential was observed, and this could have 

been achieved by applying sewage over a longer time 

and with a higher rate (in drier seasons). This hypothesis 

is corroborated by the results of Silva (2017), in which 

the proportion of WWTP-UFLA sewage in irrigation 

water was increased, resulting in higher nutrient content 

and higher grass yield.  

As observed in this study, Lo Monaco et al. (2009) and 

Erthal et al. (2010) also found an increase in base con-

centration in soil fertigated with wastewater from Ara-

bica coffee and cattle farming, indicating the potential 

of this technique. However, these authors drew attention 

to the salinization risk and chemical imbalance that can 

occur if an excessive amount of wastewater is applied, 

as also highlighted by Cerqueira et al. (2008). The most 

significant increase in the plots was observed for Na 

(Table 4), which is not a nutrient used by most crops and 

should be in low concentrations in irrigation water 

(Ayers and Westcot 1991), leading to the need to moni-

tor fertigated soil. Matos and Matos (2017) recom-

mended application rates of up to 30 g.m-2.yr-1 Na. Thus, 

based on Table 1, 857.1 mm of sewage or 71.4 L.m-2 per 

month could be applied in one year, values higher than 

those reported in the evaluated months. After three 

months, there was an addition of 63.3 mg per dm-3 

(1.266 mg.dm-2 – in 20 cm of soil), which would result 

in 0.1266 g.m-2. Maintaining the application of 

wastewater to the soil for another nine months and the 

characteristics of the sewage and the soil (e.g., differ-

ences between the input and leaching), it would result in 

a content of 0.3822 g.m-2 in one year, 78x less than the 

recommended application limit. 

 

Macronutrient amount applied with chemical ferti-

lization and fertigation  

 

Regarding the P and K levels, chemical fertilization was 

more effective due to the low concentrations of these 

variables in the UFLA sewage. To compare the nutrients 

administered by each treatment relative to mineral ferti-

lization, Table 6 was constructed based on the concen-

trations obtained in the wastewater characterization per-

formed during the crop fertigation period (Table 5). 

 

Table 5 Physical and chemical characterization of the WWTP-UFLA sewage during the fertigation period 

pH EC BOD COD Na K P N TSS TS 

- dS.m-1 --------------------------------------mg.L-1--------------------------------------- 

7.10 ± 

0.16 

0.785 ± 

0.135 

376 ± 

187  

861 ± 

342 

36 ± 

1 

33 ± 

1 

12 ± 

2 

22 ± 

3 

398 ± 

189 

1,149 ± 

534 
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Table 6 Average macronutrient amount applied to plots by mineral fertilization and fertigation with WWTP-UFLA 

sewage during the monitoring period 

Average macronutrient amount applied in milligrams to each plot 

N P K 

Mineral fertilizer Sewage Mineral fertilizer Sewage Mineral fertilizer Sewage 

43.2 149.30 201.6 73.44 115.2 199.98 

 

For comparison, the typical concentration ranges of N, 

P, K, and Na in the sewage were 35-70, 5-25, 10-60, and 

24-47 mg.L-1, respectively (Von Sperling 2014; Matos 

and Matos 2017), indicating differences between the 

university wastewater and typical sewage. 

Table 6 indicates that the amount of P added to the plots 

by mineral fertilization was higher than that provided by 

fertigation, which explains the differences observed in 

Table 4. The reason for this finding may be the reduc-

tion in the phosphate concentration in the formulation 

of industrial products such as detergents – a significant 

source of P in sewage –, which leads to a decrease in its 

values in sewage (Quevedo and Paganini 2018). On the 

other hand, while the added mass of N and K was higher 

in the sewage plots, it did not result in an effective gain 

in the soil compared to that in the chemical fertilization 

plots. It is believed that because K is highly mobile in 

the soil and the addition of other cations may displace it 

and cause its leaching, soil is not as rich in this macro-

nutrient as it could be with fertigation. Pereira et al. 

(2011) and Santos et al. (2016) reported a similar phe-

nomenon, especially in the presence of excess Na. Other 

authors, such as Ferreira et al. (2011), also suggested the 

need to complement K addition by mineral fertilization 

to increase the production potential of fertigated coffee 

trees with sewage. 

Regardless, there is potential to reduce crop costs due to 

water and chemical fertilization by applying fertigation. 

According to Marques et al. (2017), by applying sewage 

from the Onça sewage treatment plant in Belo Horizonte 

to elephant grass production, it was possible to save 

58% of the water demand, or approximately US$ 6.00 

per hectare, and US$ 445.00 per hectare in mineral fer-

tilizer application. 

Vegetable species growth analysis (before and after 

sludge addition)  

 

The seed germination in both treatments (irrigation and 

fertigation pots) was late, taking into account that new 

sowing was necessary, as none of the 12 pots had maize 

or bean emergence 14 days after planting. After this pe-

riod, more seeds were planted, and after 7 days, the 

stems of the species began to appear. 

Seedlings appeared in the 6 fertigated pots, producing 8 

germinations from 12 seeds, resulting in a GI of 67%. 

In the conventionally planted pots, the GI was lower, at 

58%. Ávila et al. (2006) reported that micronutrient-

treated corn seeds had a higher germination rate, which 

may explain the higher GI of the fertigated plots, which 

received higher micronutrient inputs. Subsequently, the 

GVI was calculated, resulting in a value of 1.14 for the 

fertigated pots and 1.0 for the conventionally irrigated 

pots; the SVI, 14 days after emergence, had a value of 

8.04 for the crops that received sewage and 5.8 for the 

conventionally cultivated crops. The results obtained 

corroborate the hypothesis of Divya et al. (2015), who 

indicated that depending on the added dose of sewage, 

fertigation may be more effective than irrigation in ger-

mination and seed growth. The plants emerged with 

similar height and vigour, with a variation of approxi-

mately 1 centimetre or more in height in favour of ferti-

gation. After germination, thinning was performed, and 

only one plant was retained per pot to avoid competition 

for nutrients, water, and light. 

In the study period, a growth pattern was observed in 

which the fertigated crops had a clear advantage (visual 

analysis in the graph) over the conventionally irrigated 

and fertilized crops, as shown in Fig. 2. Marques et al. 
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(2020) also observed greater plant development of ele-

phant grass receiving raw sewage than that observed by 

the chemically fertilized one. With fertigation, the pro-

duction was up to 29.9 Mg.ha-1.yr-1, while with chemi-

cal fertilization, it was 17.5 Mg.ha-1.yr-1. 

A visual analysis of the crops in the final phase of the 

experiment indicates that fertigation allowed taller 

crops, as highlighted in Fig. 2. It is necessary to high-

light, however, that in the first weeks, there were chal-

lenges with the crops establishing and developing vig-

orously. After adaptation, and especially after sewage 

sludge addition, there was greater establishment and 

growth of the crops. Khaliq et al. (2017) obtained in-

creased concentrations of total organic carbon and chlo-

rophyll in green bean and white radish crops with soil 

fertilized with sewage sludge than crops from soil en-

riched with chemical fertilizer.  

On the other hand, Kummer et al. (2016) tested mixtures 

of sewage sludge and urea. When using 100% sewage 

sludge as fertilizer, there was a significant increase in 

vegetative growth and grain yields of wheat and soy-

beans. Similarly, Effendi et al. (2021) achieved higher 

rice productivity in soil mixed with organic sludge at the 

concentration of 25 t.ha-1.  

Thus, the addition of biosolids provides improvements 

in physical (water retention in the soil), chemical (soil 

nutrition), physical-chemical (increased cation ex-

change capacity and pH change), and biological (greater 

microbial diversity and productivity) attributes, which 

may have resulted in greater development of the evalu-

ated cultures. It is noteworthy that greater soil structur-

ing is also a benefit of organic fertilization; however, as 

this is a long-term effect, there was not enough time to 

observe changes in this soil property (Matos and Matos 

2017).  

 

 

Fig. 2 Crop growth analysis relative to time (repeats average) and the type of technique applied 

IB = irrigated bean; FB = fertigated bean; IC = irrigated corn; and FC = fertigated corn. 

 

Crop microbiological quality analysis 

 

In Brazil, there is no specific federal legislation on sew-

age application to the soil. There are criteria for only a 

few states, such as Minas Gerais, in the State Council 

for Environmental Policy (COPAM) 65 deliberation 

(Minas Gerais 2020). 

One of the concerns related to fertigation with sewage 
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is the microbiological contamination of crops, espe-

cially when raw sewage is used, which is why the World 

Health Organization (WHO) has recommended maxi-

mum values for the presence of pathogens in each use 

(WHO 2006). 

To assess this issue and the microbiological risk associ-

ated with this technique, the amount of total and ther-

motolerant coliform bacteria in the beans present inside 

the pods was determined on the last day of fertigation 

with sewage, as shown in Table 7. 

 

Table 7 Microbiological analysis of beans fertigated 

with sewage 

Sam-

ple 

Total coliforms 

(35.0 °C) 

Thermotolerant coliforms 

(44.4 °C) 

Bean 

MPN.(100 mL)-1 

< 1.1 x 10¹ < 1.1 x 10¹ 

 

The results did not indicate potentially infective water 

leaching from the crops according to the WHO (2006) 

guidelines, which established a threshold of 10³ 

MPN.(100 mL)-1; neither for unrestricted irrigation, 

which has a limit value of 105 MPN.(100 mL)-1. Accord-

ing to Bastos and Bevilacqua (2006), the reference used 

by Basic Sanitation Research Program (PROSAB) indi-

cates that the solution contained in the beans was within 

the standards established by the entity, which are 1x10³ 

MPN. (100 mL)-1 for restricted irrigation and 1x104 for 

unrestricted irrigation. It is important to note that no 

analysis was performed on corn because it does not pre-

sent grains for complete analysis; converting to bean 

mass, the count would be less than 1.1 MPN(100 mL)-1. 

Several studies dealing with fertigation in different cul-

tures have been reported in the literature. In a bell pep-

per culture, Souza et al. (2013) recorded 10.58 MPNg-1 

of total coliforms and the absence of thermotolerant col-

iforms after 70 days of fertigation with swine 

wastewater. Alves et al. (2017), after 45 days of fertiga-

tion of banana with sewage following a secondary treat-

ment in a UASB reactor, reported 23.00 and 9.20 

MPN.g-1 of total and thermotolerant coliform concen-

trations, respectively, in the fruit peel. However, toma-

toes fertigated with organic dairy cattle wastewater 

(composed of 15% manure and 85% water) in an exper-

iment conducted by Jorge et al. (2017b) presented a con-

centration of thermotolerant coliforms <3 MPN.g-1. Fur-

thermore, this last study verified that the use of different 

nitrogen rates in fertigation does not affect the microbi-

ological characteristics of the fruit. 

Water reuse for agricultural purposes may result in bio-

logical risks, since wastewater may contain pathogenic 

microorganisms, such as viruses, protozoa, and hel-

minths. However, Hespanhol (2002) points out that the 

mere presence of these organisms, either in soil or in 

crops, does not necessarily indicate disease transmis-

sion. 

In the case of crop contamination by wastewater, de-

pending on the amount, form, and season of application, 

among other factors, N may inhibit or favour pathogen 

occurrence. According to Zambolim et al. (2001), plants 

cannot be harmed by pathogens for three reasons: a) re-

sistance, i.e., the ability to limit penetration, develop-

ment, or reproduction of the causal agent; b) tolerance, 

i.e., "coexistence" with pathogens, maintaining ade-

quate growth and production; and c) escape, i.e., lack of 

coincidence between the stages in which the crop is 

most susceptible and the pathogen is most active. In ad-

dition, for fruit to be contaminated, it must contact the 

wastewater, and the application must be continuous (Pe-

reira et al. 2011; Alves et al. 2017). Santos et al. (2006), 

for instance, observed that two weeks without fertiga-

tion is sufficient to eliminate the risk of contaminated 

fruit. Therefore, this exploratory treatment gives evi-

dence that fertigation can help soil nutrition and may not 

result in a health risk even if the application is made di-

rectly to the edible part, which was evidenced in other 

studies. Thus, it is recommended that more research be 

carried out on the subject, so that the fertigation tech-

nique can advance and be implemented, especially in 

places without proper sanitation services, allowing 

combine adequate final disposal of sewage and agricul-

tural production. 
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Conclusion 

 

Based on the results obtained, there are indications that: 

Fertigation can provide an increase in the cation ex-

change capacity, nitrogen, organic matter, and available 

phosphorus levels in the soil at values higher than those 

provided by chemical fertilization. Nevertheless, the 

soil sodium content must be evaluated due to the risks 

of soil salinization. Although sewage application pro-

vided less total phosphorus and potassium to the soil 

than is necessary for crops, its addition reduced the need 

to apply these macronutrients and irrigation water to the 

soil. As a result of improved soil attributes, more maize 

and bean seeds germinated, and the plants grew more in 

the plots that received sewage. Finally, fertigation can 

be a safe technique from a microbiological perspective, 

and it provides essential macro- and micronutrients for 

bean cultivation. 

 

Acknowledgment  We thank the Department of Environmental 

Engineering of the Federal University of Lavras and Coordina-

tion of Superior Level Staff Improvement (CAPES) for the re-

sources provided to support the maintenance and development of 

this study. 

 

Compliance with ethical standards  

Conflict of interest The authors declare that there are no conflicts 

of interest associated with this study. 

 

Open Access This article is distributed under the terms of the Cre-

ative Commons Attribution 4.0 International License (http://crea-

tivecommons.org/licenses/by/4.0/), which permits unrestricted 

use, distribution, and reproduction in any medium, provided you 

give appropriate credit to the original author(s) and the source, 

provide a link to the Creative Commons license, and indicate if 

changes were made. 

 

References 

 

Abdul-Baki AA, Anderson JD (1973) Vigor determination in soy-

bean seed by multiple criteria. Crop Sci 13:630-633. 

https://doi.org/10.2135/cropsci1.0011183X001300060013x  

Allen RG, Pereira LS, Raes D, Smith M (1998) Crop evapotran-

spiration (guidelines for computing crop water requirements). 

Paper n. 56. FAO, Rome  

Alves PFS, Santos SR, Kondo MK, Mizobutsi GP, Caldeira LA, 

Alves IS, Antunes AB, Oliveira GF (2017) Banana fertigation 

with treated sanitary wastewater: Postharvest and microbio-

logical quality. Semina Cienc Agrar 38(3):1229-1240. 

http://dx.doi.org/10.5433/1679-0359.2017v38n3p1229  

APHA, AWWA, WEF (2012) Standard methods for the examina-

tion of water and wastewater, 22nd ed. APHA/AWWA/WEF, 

Washington 

Ávila MR, Braccini AL, Scapim CA, Martorelli DT, Albrecht LP, 

Faciolli FS (2006) Qualidade fisiológica e produtividade das 

sementes de milho tratadas com micronutrientes e cultivadas 

no período de safrinha. Acta Sci.-Agron 28(4):535-543. 

https://doi.org/10.4025/actasciagron.v28i4.927  

Ayers RS, Westcot DW (1991) A qualidade da água na agricultura 

- Estudos FAO. Irrigação e Drenagem - Report n. 29 rev. 1. 

Federal University of Paraíba, Campina Grande 

Bastos RKX, Bevilacqua PD (2006) Normas e critérios de 

qualidade para reúso da água. In: Florêncio L, Bastos RKX, 

Aisse MM (org) Tratamento e utilização de esgotos sanitários. 

ABES, Rio de Janeiro, pp 17-62 

Booker JF, Howitt RE, Michelsen AM, Young RA (2012) Eco-

nomics and the Modeling of Water Resources and Policies. 

Nat Resour Modeling 25(1):168-218.  

       http://dx.doi.org/10.1111/j.1939-7445.2011.00105.x 

Cerqueira LL, Fadigas FS, Pereira FA, Gloaguen TV, Costa JA 

(2008) Desenvolvimento de Heliconia psittacorum e 

Gladiolus hortulanus irrigados com águas residuárias tratadas. 

Rev Bras Eng Agric Ambient 12(6):606-613.  

       https://doi.org/10.1590/S1415-43662008000600006  

CFSEMG (Soil Fertility Commission of Minas Gerais State) 

(1999) Recomendações para o uso de corretivos e fertilizantes 

em Minas Gerais. Ribeiro AC, Guimarães PTG, Alvares VH 

(ed). CFSEMG, Viçosa 

Curi N, Silva SHG, Poggere GC, Menezes MD (2016) 

Mapeamento de Solos e Magnetismo no Campus da UFLA 

como Traçadores Ambientais. Editora UFLA, Lavras 

Divya L, George J, Midhun G, Magesh SB, Suriyana-

rayanan S (2015) Impacts of treated sewage effluent 

on seed germination and vigour index of monocots and 

dicot seeds. Russ Agric Sci 41(4):252-257. 

       https://doi.org/10.3103/S1068367415040242  

Duarte AS, Airoldi RPS, Folegatti MV, Botrel TA, Soares TM 

(2008) Efeitos da aplicação de efluente tratado no solo: pH, 

matéria orgânica, fósforo e potássio. Rev Bras Eng Agric Am-

bient 12(3):302‑310.  

       https://doi.org/10.1590/S1415-43662008000300012  

Effendi AR, Zuhry E, Ariani E (2021) Effects of the sludge appli-

cation at different concentrations on growth and production of 

rice (Oryza sativa L.) using a water channel underneath soil 

surface. Rev Fac Nac Agron Medellín, 74(1):9395-9401. 

https://doi.org/10.15446/rfnam.v74n1.85335  

Erthal VJT, Ferreira PA, Matos AT, Pereira OG (2010) Alterações 

físicas e químicas de um Argissolo pela aplicação de água 

residuária de bovinocultura. Rev Bras Eng Agric Ambient 

14(5):467–477.  

       https://doi.org/10.1590/S1415-43662010000500003  

Farias MS (2018) Potencial agrícola do lodo gerado nos reatores 

UASB da estação de tratamento de esgoto da UFLA. 

Monography, Federal University of Lavras 

https://doi.org/10.2135/cropsci1.0011183X001300060013x
http://dx.doi.org/10.5433/1679-0359.2017v38n3p1229
https://doi.org/10.4025/actasciagron.v28i4.927
http://dx.doi.org/10.1111/j.1939-7445.2011.00105.x
https://doi.org/10.1590/S1415-43662008000600006
https://doi.org/10.3103/S1068367415040242
https://doi.org/10.1590/S1415-43662008000300012
https://doi.org/10.15446/rfnam.v74n1.85335
https://doi.org/10.1590/S1415-43662010000500003


 Int. J. Recycl. Org. Waste Agric 11(4): 437-450, Autumn 2022 

449 

 

Ferreira EPB, Stone LF, Partelli FL, Didonet AD (2011) 

Produtividade do feijoeiro comum influenciada por plantas de 

cobertura e sistemas de manejo do solo. Rev Bras Eng Agric 

Ambient 15(7):695- 701.  

       https://doi.org/10.1590/S1415-43662011000700007  

Hamilton AJ, Stagnitti F, Xiong X, Kreidl SL, Benke KK, Maher 

P (2007) Wastewater irrigation: The state of play. Vadose 

Zone J 6(4):823-840. https://doi.org/10.2136/vzj2007.0026  

Hespanhol I (2002) Potencial de reuso da água no Brasil: 

agricultura, indústria, municípios e recarga de aquíferos. Rev 

Bras Recur Hidr 7(4):75-95.  

       http://dx.doi.org/10.21168/rbrh.v7n4.p75-95  

Jorge MF, Nascimento KO, Barbosa Júnior JL, Silva LDB, Bar-

bosa MIMJ (2017a) Physicochemical characteristics, antioxi-

dant capacity and phenolic compounds of tomatoes fertigated 

with different nitrogen rates. Rev Caatinga 30(1):237-243.  

       https://doi.org/10.1590/1983-21252017v30n126rc  

Jorge MF, Pinho CF, Nascentes AL, Alves DG, Almeida 

GV, Silva JBG, Silva LDB (2017b) Tomato fertigation 

with dairy cattle wastewater. Hortic Bras 35(2):230-

234. https://doi.org/10.1590/s0102-053620170212  

Justes A, Barberán R, Farizo BA (2014) Economic valuation of 

domestic water uses. Sci Total Environ 472C:712-718. 

https://doi.org/10.1016/j.scitotenv.2013.11.113  

Keraita B, Drechsel P, Konradsen F (2008) Perceptions of farmers 

on health risks and risk reduction measures in wastewater–ir-

rigated urban vegetable farming in Ghana. J Risk Res 

11(8):1047-1061. 

https://doi.org/10.1080/13669870802380825  

Khaliq SJA, Al-Busaidi A, Ahmed M, Al-Wardy M, Agrama H, 

Choudri BS (2017) The effect of municipal sewage sludge on 

the quality of soil and crops. Int J Recycl Org Waste Agric 

6:289-299. https://doi.org/10.1007/s40093-017-0176-4  

Kihila J, Mtei KM, Njau KN (2014) Wastewater treatment 

for reuse in urban agriculture, the case of Moshi Mu-

nicipality, Tanzania. Phys Chem Earth 72:104-110. 

       https://doi.org/10.1016/j.pce.2014.10.004  

Kummer ACB, Grassi Filho H, Lobo TF, Lima RAS (2016) Com-

posted sewage sludge in replacement of mineral fertilization 

on wheat production and development. Eng Agríc 36(4):706-

714.  

       https://doi.org/10.1590/1809-4430-EngAgric.v36n4p706-

714/2016  

Lo Monaco PAV, Matos AT, Martinez HEP, Ferreira PA, Ramos 

MM (2009) Características químicas do solo após a 

fertirrigação do cafeeira com águas residuárias da lavagem e 

descascamento de seus frutos. Irriga 14(3):348-364.  

     https://doi.org/10.15809/irriga.2009v14n3p348-364 

Lo Monaco PA, Matos AT, Vieria GHS, Eustáquio Júnior V 

(2011) Avaliação no efeito da irrigação no estado nutricional 

do cafeeiro (Coffea arabica L) após fertirrigação com água 

residuária. Coffee Sci 6(1):75-82.  

       http://www.sbicafe.ufv.br/handle/123456789/7863  

Machado CM, Ferruzzi MG, Nielsen SS (2008) Impact of the 

hard-to-cook phenomenon on phenolic antioxidants in dry 

beans (Phaseolus vulgaris). J Agric Food Chem 56:3102-

3110. https://doi.org/10.1021/jf072861y  

Marques MVA, Matos AT, Pereira APM, Silvério THR, Penido 

DLA, Costa MTM, Silva DAP (2017) Potencial, economia de 

água e adubação com a aplicação de efluente do tratamento 

preliminar de esgoto doméstico na fertirrigação de capim-

elefante. HOLOS 2:52-64.  

     https://doi.org/10.15628/holos.2017.5612  

Marques MVA, Matos AT, Silvério THR, Pereira APM (2020) 

Influence of the sanitary sewage application method to closed

‑end furrows on the macronutrient extraction capacity and 

productivity of elephant Grass. Sci Rep 10:1-10.  

     https://doi.org/10.1038/s41598-020-77038-6  

Matos AT (2012) Qualidade do meio físico ambiental: práticas de 

laboratório, 1st edn. Editora UFV, Viçosa 

Matos AT (2014) Tratamento e aproveitamento agrícola de 

resíduos sólidos, 1st edn. Editora UFV, Viçosa 

Matos AT, Matos MP (2017) Disposição de águas residuárias no 

solo e em sistemas alagados construídos, 1st edn. Editora 

UFV, Viçosa 

Mendonça JC, Sousa EF, Bernardo S, Sugawara MT, Peçanha AL, 

Gottardo RD (2007) Determinação do coeficiente cultural 

(Kc) do feijoeiro (Phaseolus vulgaris L.) em Campo dos 

Goytacazes, RJ. Rev Bras Eng Agric Ambient 11(5):471-475. 

https://doi.org/10.1590/S1415-43662007000500004  

Minas Gerais. State Council for Environmental Policy (COPAM) 

(2020) Normative Resolution COPAM n. 65. COPAM, Belo 

Horizonte. 

http://www.siam.mg.gov.br/sla/download.pdf?idNorma=520

40. Accessed 15 March 2021 

Nascimento CWA, Barros DAS, Melo EEC, Oliveira AB (2004) 

Alterações químicas em solos e crescimento de milho e 

feijoeiro após aplicação de lodo de esgoto. Rev Bras Ciênc 

Solo 28(2):385-392.  

       https://doi.org/10.1590/S0100-06832004000200017  

Nassary EK, Baijukya F, Ndakidemi PA (2020) Productivity of 

intercropping with maize and common bean over five crop-

ping seasons on smallholder farms of Tanzania. Eur J Agron 

113:1-10. https://doi.org/10.1016/j.eja.2019.125964 

Oliveira AHG, Maciel GM, Fernandes MAR, Oliveira CS, Melo 

OD (2014) Qualidade fisiológica de sementes de rúcula em 

função da época de aplicação de fertirrigação. Hortic Bras 

31(2):488-493 

Paiva CTC, Silva JB, Dapont EC, Alves CZ, Carvalho MAC 

(2016) Qualidade fisiológica e sanitária de sementes 

comerciais de alface e repolho. Ver Ciênc Agroambient 

14(1):53-59. https://doi.org/10.5327/rcaa.v14i1.1410  

Pantano G, Grosseli GM, Mozeto AA (2016) Sustentabilidade no 

uso do fósforo: Uma questão de segurança hídrica e alimentar. 

Quim Nova 39(6):732-740.  

       http://dx.doi.org/10.5935/0100-4042.20160086  

Pereira BFF, He ZL, Silva MS, Herpin U, Nogueira SF, Montes 

CR, Melfi AJ (2011) Reclaimed wastewater: impact on soil-

plant system under tropical conditions. J Hazard Mater 

192(1):54-61. https://doi.org/10.1016/j.jhazmat.2011.04.095  

Pereira PAM, Sampaio SC, Reis RR, Rosa DM, Correa MM 

(2016) Swine farm wastewater and mineral fertilization in 

corn cultivation. Rev Bras Eng Agric Ambient 20(1):49-54. 

https://doi.org/10.1590/1807-1929/agriambi.v20n1p49-54  

Ponciano NJ, Souza PM, Rezende AM (2003) Entraves da 

comercialização à competitividade do milho brasileiro. Rev 

Parana Desenvolv (104):23-40  

 Quevedo CMG, Paganini WS (2018) A disponibilização de 

fósforo nas águas pelo uso de detergentes em pó: aspectos 

https://doi.org/10.1590/S1415-43662011000700007
https://doi.org/10.2136/vzj2007.0026
http://dx.doi.org/10.21168/rbrh.v7n4.p75-95
https://doi.org/10.1590/1983-21252017v30n126rc
https://doi.org/10.1590/s0102-053620170212
https://doi.org/10.1016/j.scitotenv.2013.11.113
https://doi.org/10.1080/13669870802380825
https://doi.org/10.1007/s40093-017-0176-4
https://doi.org/10.1016/j.pce.2014.10.004
https://doi.org/10.1590/1809-4430-EngAgric.v36n4p706-714/2016
https://doi.org/10.1590/1809-4430-EngAgric.v36n4p706-714/2016
https://doi.org/10.15809/irriga.2009v14n3p348-364
http://www.sbicafe.ufv.br/handle/123456789/7863
https://doi.org/10.1021/jf072861y
https://doi.org/10.15628/holos.2017.5612
https://doi.org/10.1038/s41598-020-77038-6
https://doi.org/10.1590/S1415-43662007000500004
http://www.siam.mg.gov.br/sla/download.pdf?idNorma=52040
http://www.siam.mg.gov.br/sla/download.pdf?idNorma=52040
https://doi.org/10.1590/S0100-06832004000200017
https://doi.org/10.1016/j.eja.2019.125964
https://doi.org/10.5327/rcaa.v14i1.1410
http://dx.doi.org/10.5935/0100-4042.20160086
https://doi.org/10.1016/j.jhazmat.2011.04.095
https://doi.org/10.1590/1807-1929/agriambi.v20n1p49-54


 Int. J. Recycl. Org. Waste Agric 11(4): 437-450, Autumn 2022 

450 

 

ambientais e de Saúde Pública. Ciênc Saúde Coletiva 

23(11):3891-3902.  

       https://doi.org/10.1590/1413-812320182311.27062016  

Santos SS, Soares AA, Matos AT, Mantovani EC, Batista RO, 

Melo JC (2006) Contaminação microbiológica do solo e dos 

frutos de cafeeiros fertirrigados com esgoto sanitário. Eng na 

Agricultura 14(1):16-22  

Santos SR, Soares AA, Kondo MK, Matos AT, Maia VM (2016) 

Indicadores de produção e qualidade da fibra do algodoeiro 

fertirrigado com água residuária sanitária. Eng Agric 

36(3):525-536.  

       http://dx.doi.org/10.1590/1809-4430-Eng.Agric.v36n3p525-

536/2016  

Silva JGD, Matos AT, Borges AC, Previero CA (2012) 

Composição químico-bromatológica e produtividade do 

capim-mombaça cultivado em diferentes lâminas de efluente 

do tratamento primário de esgoto sanitário. Rev Ceres 

59(5):606-613.  

       https://doi.org/10.1590/S0034-737X2012000500005  

Silva AO, Klar AE, Silva EFF, Tanaka AA, Silva Júnior JF (2013) 

Relações hídricas em cultivares de beterraba em diferentes 

níveis de salinidade do solo. Rev Bras Eng Agric Ambient 

17(11):1143-1151.  

       https://doi.org/10.1590/S1415-43662013001100003  

Silva JRM (2017) Aplicação de efluente de estação de tratamento 

de esgoto em solo cultivado com grama esmeralda (Zoysia 

japonica). Thesis, Federal University of Lavras 

Souza NC, Mota SB, Bezerra FML, Aquino BF, Santos AB (2010) 

Produtividade da mamona irrigada com esgoto doméstico 

tratado. Rev Bras Eng Agric Ambient 14(5):478-484.  

     https://doi.org/10.1590/S1415-43662010000500004 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Souza JAR, Moreira DA, Martins IP, Carvalho CVM, Carvalho 

WB (2013) Sanidade de frutos de pimentão fertirrigados com 

água residuária da suinocultura. Rev Ambient Água 8(2):124-

134. https://doi.org/10.4136/ambi-agua.1115 

Souza DP, Queluz JGT, Silva AO, Román RMS (2015) Influência 

da fertirrigação por sulco utilizando água residuária e 

diferentes níveis de adubação na produtividade do feijoeiro. 

Irriga 20(2):348-362.  

     https://doi.org/10.15809/irriga.2015v20n2p348  

Thapliyal A, Vasudevan P, Dastidar MG, Tandon M, Sen PK, 

Mishra S (2011) Growth of tree saplings of neem (Azadirach-

taindica Juss) under fertigation with untreated and treated do-

mestic wastewater. J Sci Ind Res 70(8):616-621. 

http://nopr.niscair.res.in/handle/123456789/12489  

Von Sperling M (2014) Introdução à qualidade das águas e ao 

tratamento de esgotos, 4th edn. Editora UFMG, Belo Hori-

zonte 

Western Consortium for Public Health (1992) The City of San Di-

ego Total Resource Recovery Project Health Effects Study. 

Final Summary Report. Western Consortium for Public 

Health, Oakland 

WHO: World Health Organization (2006) Guidelines for 

the safe use of wastewater, excreta and greywater. 

Volume 2: Wastewater use in agriculture. WHO.   
https://www.who.int/water_sanitation_health/publicati

ons/gsuweg2/en/>. Access 30 April 2020 

Zambolim L, Costa H, Vale FXR (2001) Efeito da nutrição 

mineral sobre doenças de plantas causadas por patógenos do 

solo. In: Zambolim L (ed) Manejo integrado, fitossanidade, 

cultivo protegido, pivô central e plantio direto. Suprema 

Gráfica e Editora Ltda, Viçosa, pp 347-408 

 

https://doi.org/10.1590/1413-812320182311.27062016
http://dx.doi.org/10.1590/1809-4430-Eng.Agric.v36n3p525-536/2016
http://dx.doi.org/10.1590/1809-4430-Eng.Agric.v36n3p525-536/2016
https://doi.org/10.1590/S0034-737X2012000500005
https://doi.org/10.1590/S1415-43662013001100003
https://doi.org/10.1590/S1415-43662010000500004
https://doi.org/10.4136/ambi-agua.1115
https://doi.org/10.15809/irriga.2015v20n2p348
http://nopr.niscair.res.in/handle/123456789/12489
https://www.who.int/water_sanitation_health/publications/gsuweg2/en/
https://www.who.int/water_sanitation_health/publications/gsuweg2/en/

