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1 RESUMO 

 

A utilização de ferramentas de controle estatístico de qualidade na irrigação vem se 

disseminando por propiciar a detecção rápida e eficaz dos possíveis problemas ocasionados aos 

gotejadores, em especial, quando se utiliza águas residuárias na irrigação. Desse modo, essa 

pesquisa teve como objetivo utilizar cartas de controle estatístico de qualidade no 

acompanhamento do grau de entupimento de unidades gotejadoras irrigadas com água 

residuária de fecularia diluída. A pesquisa foi desenvolvida em uma área experimental 

pertencente ao Laboratório de Engenharia de Irrigação e Drenagem (LEID), da Universidade 

Federal de Campina Grande – UFCG, no Campus de Campina Grande, Paraíba, Brasil. Foram 

avaliadas quatro unidades gotejadoras diferentes a cada 20 horas, por 480 horas, totalizando 25 

ensaios, com pressão de serviço de 100 kPa. Ao comparar as cartas de controle estatístico de 

Shewhart com as da média móvel exponencialmente ponderada (MMEP), observou-se que as 

cartas de MMEP foram mais sensíveis a variações de menor porte. Além disso, percebe-se que 

a água residuária de fecularia diluída aumentou problemas de entupimento nos modelos de fitas 

gotejadoras M1 e M3 ao decorrer de 480h de irrigação e que o uso da água residuária de 

fecularia bruta não é recomendado para a irrigação localizada, por apresentar altos de teores de 

dureza de cálcio e magnésio, sódio e cloretos. 

 

Palavras-chave: Emissores, qualidade de água, obstrução, reutilização, biofertilizante.
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2 ABSTRACT 

 

The use of statistical quality control tools in irrigation has been disseminated because it provides 

a fast and efficient detection of possible problems in drippers, especially when wastewater is 

used in irrigation. Thus, this research aimed at using statistical quality control charts to monitor 

the degree of clogging of drip irrigation units irrigated with diluted fecula wastewater. The 

research was performed in an experimental area belonging to the Laboratory of Irrigation and 

Drainage Engineering (LEID), of the Universidade Federal de Campina Grande - UFCG, 

Campina Grande Campus, Paraíba, Brazil. Four different dripper units were evaluated every 20 

hours, for 480 hours, totaling 25 trials, with service pressure of 100 kPa. When comparing the 

Shewhart statistical control charts with the exponentially weighted moving average (EPM) 

charts, it was observed that the EPM charts were more sensitive to minor variations. 

Furthermore, it was observed that the diluted fecula residue water increased clogging problems 

in the dripline models M1 and M3 during 480 hours of irrigation and that the use of raw fecaria 

residuary water is not recommended for localized irrigation, because it presented high levels of 

calcium and magnesium hardness, sodium and chlorides. 

 

Keywords: Emitters, water quality, obstruction, reuse, biofertilizer. 

 

 

3 INTRODUCTION 

 

In the semiarid region of Brazil, 

water is considered an increasingly limiting 

factor in the development of irrigated 

agriculture, which, according to Bezerra et 

al. (2019), is due to the region's irregular 

rainfall and high evapotranspiration. 

Considering that the demand for water for 

irrigation is constantly increasing, it is 

necessary to seek and use more efficient 

irrigation systems and water with lower 

physical, chemical, and biological qualities 

to ensure that better-quality water resources 

are allocated to the most valuable purposes, 

such as the urban water supply. 

Given the importance of properly 

disposing of low-quality water (wastewater), 

studies have advanced its use not only as an 

alternative to meet crop water needs but also 

as a biofertilizer, aiming to provide 

nutrients, not only to save water but also to 

reduce the use of chemical fertilizers 

(SOUSA et al., 2021). Furthermore, from an 

environmental perspective, recycling this 

water is a way to properly dispose of waste 

that poses serious environmental risks and is 

often discharged "unprocessed" into 

waterways. 

Among the most diverse wastewaters 

available for irrigation are water resulting 

from cassava processing, popularly known 

as "Manipueira," which comes from 

pressing cassava roots to obtain starch or 

flour. They have a milky appearance and are 

rich in nitrogen, phosphorus, and potassium, 

which are elements that favor crop 

development (HERMES et al., 2018). 

Several researchers emphasize the potential 

of manipueira as a fertilizer for various 

crops, citing Araújo et al. (2019), who 

concluded that manipulizers can replace 

potassium fertilization via fertigation in the 

production of 'Potiguar' corn. Ramos et al. 
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(2020), when studying the effectiveness of 

organic fertilization with human urine and 

cassava applied via foundation and 

fertigation on the growth of hybrid corn 

AG1051, achieved the best results with 

organic fertilization applied via foundation, 

highlighting that it can be seen as a strategy 

to replace mineral fertilization, as long as it 

is not applied in excess. 

With respect to irrigation 

technologies developed for rational water 

use, localized irrigation systems, especially 

drip irrigation, stand out as the most 

recommended. According to Melo et al. 

(2020), technicians and researchers are 

increasingly interested in drip systems 

because of their greater efficiency in terms 

of water use and fertilizer application, as 

they enable the rational use of water and, 

therefore, energy due to low-volume 

application. With respect to fertilizer 

application, Pereira et al. (2019) reported 

that, in both microsprinkling and drip 

irrigation, conventional fertilization can be 

replaced by fertigation, as this technique 

increases the efficiency of nutrient use by the 

plant because timely application close to the 

roots reduces the need for excessive 

fertilizer doses. 

When wastewater is used, it is 

essential to carry out more precise and more 

frequent monitoring, aiming to avoid 

possible clogging problems and excessive 

wear of irrigation materials, as stated by 

Szekut et al. (2018). Drippers are highly 

susceptible to clogging, as they have small 

labyrinths and holes for water passage. 

In this context, the use of the 

statistical quality control (CEQ) tool has 

stood out in the agricultural sector, since, 

according to Gouveia (2018), the effective 

implementation of process control makes it 

possible to take improvement or preventive 

actions at the right time, enabling the 

correction or optimization of the process, 

resulting in increased quality, increased 

productivity, increased costs and reduced 

cycle time. When discussing the advantages 

of applying CEQ for rural producers using 

wastewater in their irrigation systems, 

Gomes et al. (2020) emphasized that this 

tool provides guidance for performing 

preventive maintenance of their irrigation 

systems. The best-known control chart is the 

Shewhart chart for individual 

measurements; however, weighted moving 

averages (WMAs) are also widely used. 

Thus, this research aimed to monitor 

the degree of clogging of drip units irrigated 

with urban supply water and diluted starch 

wastewater via statistical quality control 

charts. 

 

 

4 MATERIALS AND METHODS 

 

The experiment took place in an 

experimental area belonging to the Irrigation 

and Drainage Engineering Laboratory 

(LEID) of the Agricultural Engineering 

Academic Unit (UAEA) of the Federal 

University of Campina Grande (UFCG) in 

the city of Campina Grande - PB. Three drip 

units installed in experimental benches 

developed by Ferreira (2015) were 

evaluated. Four different drip tape models 

(Azud On Line, Azud Sprint, Rivulis D9000 

and Tiquira) were used, coded as M1, M2, 

M3 and M4, respectively, commercialized in 

the local market, whose characteristics are 

described in Table 1. 
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Table 1. Technical specifications of drip tapes 

Nomenclature Manufacturer Model 
FROM 

THE 

Q* 

(L h -

1 ) 

k x 
PN 

(kPa) 

DN 

(mm) 

EE 

(m) 

M1 Azud Online No 1.61 0.49 0.5 
50-

125 
16 0.20 

M2 Azud Sprint No 1.61 0.49 0.5 
50-

125 
16 0.20 

M3 Rivulis D9000 No 1.41 - - 100 16 0.20 

M4 Petroisa Tiquira No 1.51 0.46 0.5 100 16 0.20 
(DA) = self-compensation device, (Q) = nominal flow rate, (k) = flow coefficient, (x) = flow rate exponent that 

characterizes the flow regime, (PN) = nominal pressure, (DN) = nominal diameter and (EE) = spacing between 

emitters Note: * - Nominal flow rate of drip tapes at a working pressure of 100 kPa; ** Information obtained from 

manufacturers' catalogs. 

 

The test benches used in the 

experiment had the capacity to install four 

lateral lines, positioned in parallel, with a 

spacing of 0.15 m, in which drip unit 1 

operated only with irrigation water from the 

urban supply of the municipality of Campina 

Grande - PB, called AA, and drip units 2 and 

3 were subjected to irrigation with irrigation 

water from the dilution of starch wastewater, 

called AR, obtained from a flour mill located 

in the rural area of the municipality of 

Puxinanã - PB. 

The starch wastewater used in the 

research was analyzed at the Desalination 

Reference Laboratory - LABDES/UFCG 

and at the Quality Control Laboratory of 

SENAI - Campina Grande - PB, and the 

urban supply water was analyzed at the 

Irrigation and Salinity Laboratory (LIS), in 

accordance with the recommendations of the 

Standard Methods (APHA, 2005), to obtain 

the physical-chemical and microbiological 

characteristics shown in Table 2. 

 

Table 2. Physicochemical characteristics of the urban water supply and starch wastewater used 

in the research 

Parameters¹ Units 
Urban water 

supply 

Feculary 

wastewater 

Electrical conductivity (EC) 
dS m -1 at 

25°C 
0.74 13.68 

Potential of Hydrogen (pH) - 6.58 3.60 

Calcium Hardness mg L -1 35.20 380.0 

Magnesium Hardness mg L -1 19.68 1,440.0 

Sodium mg L -1 57.22 671.5 

Potassium mg L -1 8.99 34.1 

Carbonates mg L -1 0.00 0.00 

Bicarbonates mg L -1 77.48 0.00 

Chlorides mg L -1 132.64 6,035.0 

Sulfates mg L -1 Presence Presence 

Sodium Adsorption Ratio (RAS) mg L -1 10.92 22.26 

Class - C2S1 C4S1 

 

On the basis of the classification 

proposed by Richards (1954) for irrigation 

water according to electrical conductivity 

(EC), the starch wastewater was diluted in 

the urban water supply at a proportion of 

1:30, with one part of starch wastewater in 
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thirty parts of the urban water supply, 

maintaining an EC of 0.65 dS m -1, classified 

as C2. 

To analyze the four drip tape models, 

considering the capacity of the test benches, 

the tape models studied were analyzed at 

different times. Thus, drip tape models M1 

and M2 were initially analyzed when they 

were subjected to irrigation with urban 

supply water and diluted starch wastewater, 

and subsequently, drip tape models M3 and 

M4 were analyzed under the same 

conditions. The eight treatments were then 

analyzed, as shown in Table 3. 

 

Table 3. Treatments used in drip units 

Treatments Dripper Unit Model Water type 

AAM1 UG1 Azud Line AA 1 

AAM2 UG1 Azud Sprint AA 1 

AAM3 UG1 Rivulis D9000 AA 1 

AAM4 UG1 Tiquira AA 1 

ARM1 UG2 Azud Line AR 2 

ARM2 UG2 Azud Sprint AR 2 

ARM3 UG3 Rivulis D9000 AR 2 

ARM4 UG3 Tiquira AR 2 

1 Irrigation water from the urban supply of the municipality of Campina Grande – PB; 
2 Irrigation water obtained from the dilution of starch wastewater diluted in urban water supply. 

 

The irrigation units analyzed in the 

research consisted of a ½ HP (single-phase) 

220 V electric pump with a maximum flow 

rate of 35 L/min, a 500-liter water reservoir 

(fiberglass water tank), a 120-mesh disc 

filter, two glycerin pressure gauges (one at 

the pump outlet and the other at the end of 

the main line), a check valve, a globe valve, 

PVC pipes, fittings, drip tapes, and drippers. 

In addition, the test benches had a water 

recirculation system consisting of movable 

wooden shelves, which were used only 

during the irrigation unit evaluations, to 

support the water collection containers. 

After removal, the dripped water was 

returned to the reservoir through fiberglass 

tiles, where it was then directed back to the 

reservoir (water tank). 

To analyze the clogging of the 

dripper units, an initial test was performed (0 

hours), after which they were operated for 10 

hours/day, with 25 tests performed at 20-

hour intervals, totaling 480 hours of 

operation. The tests followed the NBR ISO 

9261 standard (ABNT, 2006), with a 

preestablished time of 5 minutes, allowing a 

20-second time lag between one dripper and 

another, with four repetitions. The volumes 

of the four lateral lines were collected 

simultaneously in 300 ml plastic containers. 

With respect to the collected water 

volume, the flow rates and degree of 

clogging of the drippers were calculated 

according to equations (1) and (2): 

 

𝑞 =  
𝑉

1000.𝑡
. 60                                          (1) 

 

where: 

q – dripper flow rate, L h -1; 

V – volume of water collected, mL; 

t – water collection time, min. 
 

𝐺𝐸 = (1 −
𝑞𝑢𝑠𝑎𝑑𝑜

𝑞𝑛𝑜𝑣𝑜
) . 100                             (2) 

 

where: 

GE – degree of clogging, %; 

q flow rate of the dripper used, L h -1; 

q new – flow rate of the new dripper, L h -1. 

 

The degree of clogging of each of the 

drip units studied was classified according to 

Morata et al. (2014), as shown in Table 4.
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Table 4. Interpretation of the degree of clogging of the drip units 

Classification GE 1 (% ) 

No clogging < 0 

Bass 0 – 10 

Medium 10 – 40 

High 40 – 90 

Very high 90 – 100 
Source: 1 Morata et al. (2014) 

 

To monitor the hydraulic 

performance of the four drip units operating 

with urban supply water and wastewater 

from cassava processing, two types of 

control charts were used: 

a) Shewhart control charts: Individual 

samples are used to determine the upper 

(ULC), central (LC) and lower (LIC) 

control limits according to the following 

equations: 

 

𝐿𝑆𝐶 =  𝑥̅ + 3𝜎                                           (3) 

 

𝐿𝐶 =  𝑥̅                                                      (4) 

 

𝐿𝐼𝐶 =  𝑥̅ − 3𝜎                                          (5) 

 

𝜎 = 𝑀𝑅. (𝑑2)−1                                       (6) 

 

where: 

 

𝑥̅- Central line of the control chart and 

corresponds to the average value of the 

flows; 

σ - Population standard deviation estimator; 

d² - Tabled correction factor that depends 

on the sample size; 

MR - average sampling amplitude. 

b) MMEP control charts: Constructed with 

the variables mean value and number of 

sample i, or time. From equation (7), 

 

𝑧𝑖 =  𝜆𝑥𝑖 + (1 − 𝜆)𝑧𝑖 − 1                        (7) 

 

where: 

 

i - Number of samples; 

- Values plotted on the graph; 

λ - Smoothing factor, a constant that varies 

between 0 and 1, with λ used as 0.20; 

- Individual or real values found in the 

process. 

 

The calculations of the control limits 

of the MMEP control charts were 

performed via equations 8 to 10. 

 

𝐿𝑆𝐶 =  𝑥̅ + 𝐿𝜎√
𝜆

2−𝜆
[1 − (1 − 𝜆)2𝑖]       (8) 

 

𝐿𝐶 =  𝑥̅                                                     (9) 

 

𝐿𝐼𝐶 =  𝑥̅ − 𝐿𝜎√
𝜆

2−𝜆
[1 − (1 − 𝜆)2𝑖]      (10) 

 

where: 

 

𝑥̅- Central line of the control chart and 

corresponds to the average value of the 

flows; 

L - number of standard deviations of the 

control mean that you want to detect, with 

L equal to 2); 

Σ - Standard deviation. 

 

 

5 RESULTS AND DISCUSSION 

 

Figure 1 presents the statistical 

control charts for the hydraulic parameter 

clogging degree (GE) for the different 

dripper units evaluated over the 480 hours of 

operation with an urban water supply 
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(Treatments AAM1, AAM2, AAM3, and 

AAM4). The Shewhart charts for the 

hydraulic parameter GE indicate that when 

there are signs of clogging in the drippers, 

the GE tends to increase. According to Reis 

et al. (2021), the degree of clogging 

parameter can present positive values, 

resulting from clogging problems that cause 

a reduction in flow, or negative values, 

resulting from an increase in flow due to 

clogging problems. An analysis of the 

control charts below reveals that there is no 

extrapolation of points in the upper and 

lower control limits in any of the treatments 

evaluated. However, there are sequences or 

trends of values in all the treatments studied, 

which, according to Montgomery (2013), 

would be indications of a lack of process 

control. According to Orssatto et al. (2014), 

when researching the application of 

Shewhart control charts in a wastewater 

treatment plant, these charts are a good 

alternative for visualizing process errors, 

especially for large changes. 

 

Figure 1. Statistical quality control charts for the degree of clogging (GE) of the different drip 

units studied over 480 hours of operation with an urban water supply. 

 
Source: Authors (2021) 

 

The average degree of clogging (GE) 

for treatment AAM1 (Figure 1) over the 

study period was 7.70%, with an upper 

control limit of 19.34% and a lower control 

limit of -3.93%. In treatment AAM2 (M2 

dripper unit irrigated with urban supply 

water), the average GE value was 9.81%, 

with an upper control limit of 27.93% and a 

lower control limit of -8.31%. In treatment 

AAM3 (M3 dripper unit irrigated with urban 

supply water), the average GE value was 

8.26%, with an upper control limit of 

23.15% and a lower control limit of -6.64%. 

In treatment AAM4 (M4 dripper unit 

irrigated with urban supply water), the 

average GE value was 9.15%, with an upper 

control limit of 26.97% and a lower control 

limit of -8.67%. The analysis of the 

hydraulic performance of drip units through 

the average degree of clogging (GE) over 

480 hours of irrigation with an urban water 

supply revealed that these units can be 
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classified as "medium" (GE between 10% 

and 40%), as they present GE values 

between -8.67% and 27.93%. The authors of 

Costa et al. (2019) reported that the 

susceptibility of drippers to clogging is 

related to the lower flow rate, the shorter 

labyrinth length, and the formation of 

biofouling, mainly in the filtration area and 

inside the labyrinth. 

In Figure 2, the hydraulic parameter 

degree of clogging (GE) of the different drip 

units evaluated using urban supply water for 

irrigation (Treatments AAM1, AAM2, 

AAM3, and AAM4) is shown via 

exponentially weighted moving average 

(MMEP) statistical quality control charts. In 

the MMEP control charts, sequences of 

values can be identified that exceed the mean 

line toward the upper control limit, starting 

from the test carried out at 360 h (Test 19) in 

the AAM1 and AAM3 treatments and at 320 

h (Test 17) in the AAM2 and AAM4 

treatments. Furthermore, at 480 h (Test 25) 

of operation with urban supply water, all the 

studied treatments exceeded the upper 

control limits, which, according to 

Montgomery (2013), suggests a lack of 

control over these processes.

  

Figure 2. Statistical quality control charts of the MMEP for the degree of clogging (GE) of the 

different drip units studied over 480 hours of operation with an urban water supply. 

 
Source: Authors (2021) 

 

The statistical quality control charts 

for the individual values of the degree of 

clogging (GE) parameter are shown in 

Figure 3 for the drip units subjected to 

irrigation with diluted starch wastewater. No 

extrapolation of values above or below the 

stipulated control limits was observed. There 

is evidence of a lack of statistical control in 

the processes due to the presence of 

sequences or trends of values above the 

mean lines (MONTGOMERY, 2013) from 

the test carried out at 260 h (Test 14) in 

treatment ARM1, at 300 h (Test 16) in 

treatments ARM2 and ARM4, and at 220 h 

(Test 12) in treatment ARM3. Considering 

that, the values located above the mean lines 

should be highlighted, as they indicate 
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significant changes in the degrees of 

clogging for all the treatments evaluated. 

Figure 3. Statistical quality control charts for the degree of clogging (GE) of the different drip 

units studied over 480 hours of operation with diluted starch wastewater. 

 
Source: Authors (2021) 

 

As shown in Figure 3, the dripper 

unit in treatment ARM1 had an average 

estimated EG value over the experimental 

period of 40.20%, with an upper control 

limit of 122.1% and a lower control limit of 

-41.60%. In ARM2, the average estimated 

EG value over the experimental period was 

22.40%, with an upper control limit of 

47.1% and a lower control limit of -2.4%. In 

ARM3, the average EG value was 53.8%, 

with an upper control limit of 109.70% and 

a lower control limit of -2.1%. In the ARM4 

treatment, the average EG value was 

30.30%, with an upper control limit of 

71.40% and a lower control limit of -

10.80%. Using the classification proposed 

by Morata et al. (2014), which is based on 

the hydraulic parameter degree of clogging 

(GE), the drip units that make up treatments 

ARM1 and ARM3 are classified as “high 

clogging”, and those in treatments ARM2 

and ARM4 are classified as “medium 

clogging”. 

In Figure 4, the degree of clogging 

(GE) for the studied treatments (Treatments 

ARM1, ARM2, ARM3, and ARM4), when 

subjected to 480 hours of operation with 

diluted starch wastewater, can be evaluated 

from the statistical quality control charts of 

the exponentially weighted moving average 

(MMEP). There are sequences or data 

trends, a factor that, according to 

Montgomery (2013), reflects a problem in 

the analyzed processes. Conceição et al. 

(2018) stated that the MMEP chart is 

characterized by three lines (LSC, LC, and 

LIC) and is excellent for use with individual 

observations.
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Figure 4. MMEP statistical quality control charts for the degree of clogging (GE) of the 

different drip units studied over 480 hours of operation with diluted starch 

wastewater. 

 
Source: Authors (2021) 

 

The analysis of the charts shown in 

Figure 4 reveals that the data above the mean 

line are detrimental to the processes, and in 

the MMEP control charts, the moment at 

which the GE values tend to exceed the mean 

line begins from the test carried out at 300 h 

(Test 16) in the ARM1 and ARM4 

treatments and at 260 h (Test 14) in the 

ARM3 treatment. Cruz, Cunha Filho and 

Falcão (2014) emphasized that the MMEP 

charts have, among their positive points, the 

possibility of rapid detection of small 

deviations and information about the trend 

of the studied process, being robust to the 

normality hypothesis and highly sensitive to 

the small variations that occur. 

Finally, relating the physical-

chemical attributes of the irrigation water 

used in the research (Table 2) with the risk 

of dripper clogging, the electrical 

conductivity (EC) parameter for urban 

supply water (EC = 0.74 dS m -1) falls within 

the low restriction level, and that for starch 

factory wastewater (EC = 13.68 dS m -1) falls 

within the severe restriction level, as it 

exceeds the limit of 4.5 dS m -1 proposed by 

Capra and Scicolone (1998). In terms of pH, 

according to Nakayama and Bucks (1991), 

the two types of irrigation water used in this 

research presented a low risk of dripper 

clogging. With respect to the calcium and 

magnesium hardness values, in both cases, 

the limit of 150 mg/L, proposed by 

Nakayama and Bucks (1991), was exceeded, 

indicating a high risk of clogging. However, 

when starch wastewater is used, the risk of 

clogging the drippers is much greater, as 

observed in the physical‒chemical analysis 

of the water. 

Table 2 also shows high 

concentrations of sodium (671.5 mg L -1) 

and chloride (6,035.0 mg L -1) ions, which, 

according to the limits established by Ayers 

and Westcost (1999), are “moderate” and 

“severe” restriction of water for use in 

irrigation, respectively. The parameters 
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analyzed indicate that the quality of the 

water used in irrigation, especially the starch 

wastewater, attenuated the clogging process 

of the different drip tape models over the 

preestablished operating time, confirming 

the findings of the Shewhart and MMEP 

statistical quality control charts. 

According to Melo et al. (2008), 

several factors can cause partial or complete 

clogging of emitters and pipes, affecting 

water flow and distribution along the main 

line, branch lines, and lateral lines, 

particularly. Among these factors, chemical 

precipitation of ions present in irrigation 

water is particularly noteworthy. In addition 

to the quality of the water used in irrigation, 

the authors of Ribeiro, Coelho, and Teixeira 

(2010) considered, with respect to the 

characterization of the clogging process, that 

the internal architecture of the drippers 

evaluated was also a determining factor in 

the level of clogging of the drippers over the 

course of their operating time. 

 

 

6 CONCLUSION 

 

In the statistical quality control 

charts analyzed, the exponentially weighted 

moving average (EMMA) charts were more 

sensitive to smaller variations in the 

processes, since, in addition to the presence 

of sequences or trends present in the 

Shewhart charts, the extrapolation of the 

upper control limits was observed, 

indicating problems in most of the processes 

studied. 

Over the course of 480 hours of 

irrigation, the M1 and M3 drip tape models 

were more susceptible to clogging problems 

when irrigated with diluted starch 

wastewater. The use of raw starch 

wastewater is not recommended for 

localized irrigation because of its high levels 

of calcium and magnesium hardness, 

sodium, and chloride. 

 

 

7 REFERENCES 

 

ABNT. NBR ISO 9261 of 08/2006 : 

Provides for agricultural irrigation 

equipment, emitters, emitting pipes, 

specifications and test methods. São Paulo: 

ABNT, 2006. Available at: 

https://www.normas.com.br/visualizar/abnt-

nbr-nm/25492/abnt-nbriso9261-

equipamentos-de-irrigacao-agricola-

emisdores-e-tubos-emisdores-

especificacao-e-metodos-de-ensaio. 

Accessed on: January 9, 2022. 

 

ARAÚJO, NC; LIMA, VLA; RAMOS, JG; 

ANDRADE, EMG; LIMA, GS; 

OLIVEIRA, SJC Contents of 

macronutrients and growth of 'BRS 

Marataoã' cowpea fertigated with yellow 

water and cassava wastewater. Revista 

Ambiente & Água , Taubaté, v. 14, n. 3, p. 

1-12, 2019. DOI: 

https://doi.org/10.4136/ambi-agua.2309 . 

Available at: http://www.ambi-

agua.net/seer/files/Ambi_Agua_V14_N3.pd

f. Accessed on: April 1, 2022. 

 

APHA. Standard Methods for the 

Examination of Water and Wastewater. 

21. ed. Washington: American Public 

Health Association, American Water Works 

Association, Water Environmental 

Federation, 2005. Available at: 

https://www.standardmethods.org/doi/book/

10.2105/SMWW.2882 . Accessed on: 15 

Jan. 2022. 

 

AYERS, RS; WESTCOT, DW Water 

quality in agriculture. 2nd ed. Campina 

Grande: UFPB, 1999. 

 

BEZERRA, MGS; SILVA, GGC; 

DIFANTE, GS; EMERENCIANO NETO, 

JV; OLIVEIRA, EMM; MORAIS, EG 

Chemical attributes of soil under cassava 

wastewater application in Marandugrass 

cultivation. Brazilian Journal of 

Agricultural and Environmental 



                                                        Controle estatístico...                                                                         711 

Irriga, Botucatu, v. 27, n. 4, p. 700-714, outubro-dezembro, 2022 

Engineering , Campina Grande, v. 23, n. 8, 

p. 579-585, 2019. DOI: 

https://doi.org/10.1590/1807-

1929/agriambi.v23n8p579-585. Available 

at: 

https://www.scielo.br/j/rbeaa/a/RQhZ8Kd4

8XQ9CWvPdDzqBVB/?lang=en. Accessed 

on: March 24, 2021. 

 

CAPRA, A.; SCICOLONE, B. Water 

quality and distribution uniformity in 

drip/trickle irrigation systems. Journal of 

Agricultural Engineering Research , 

London , vol. 70, no. 4, p. 355-365, 1998. 

DOI: 

https://doi.org/10.1006/jaer.1998.0287 . 

Available at: 

https://www.sciencedirect.com/science/artic

le/pii/S0021863498902876. Accessed on: 

13 Dec. 2022. 

 

CEARA. COEMA Resolution No. 2 of 

February 2, 2017. Provides standards and 

conditions for the release of liquid effluents 

generated by polluting sources, repeals 

SEMACE Ordinances No. 154 of July 22, 

2002, and No. 111 of April 5, 2011, and 

amends SEMACE Ordinance No. 151 of 

February 21, 2017. Official Gazette of the 

State of Ceará , Fortaleza, 2002. Available 

at: 

https://www.legisweb.com.br/legislacao/?id

=337973. Accessed on: December 1, 2022. 

 

CONCEIÇÃO, KZ; VILAS BOAS, MA; 

SAMPAIO, SC; REMOR, MB; 

BONAPARTE, DI Statistical control of the 

process applied to the monitoring of the 

water quality index. Journal Agricultural 

Engineering , Jaboticabal, v. 38, n. 6, p. 

951-960, 2018. DOI: 

http://dx.doi.org/10.1590/1809-4430-

Eng.Agric.v38n6p951-960/2018. Available 

at: 

https://www.scielo.br/j/eagri/a/hrPRHbMN

xKyGd885vJQSFKN/?format=pdf&lang=e

n. Accessed on: February 2, 2022. 

  

COSTA, DO; VALE, HSM; BATISTA, 

RO; SILVA, PCM; LEMOS FILHO, LCA; 

SANTOS, DB Susceptibility to clogging of 

drippers applying treated domestic 

wastewater. Journal of Agribusiness and 

Environment , Maringá, v. 12, n. 4, p. 

1251-1266, 2019. DOI: 

https://doi.org/10.17765/2176-

9168.2019v12n4p1251-1266 . Available at: 

https://periodicos.unicesumar.edu.br/index.

php/rama/article/view/5698. Accessed on: 

December 10, 2021. 

 

CRUZ, DV; CUNHA FILHO, MC; 

FALCÃO, APST Statistical process control 

applied to monitoring pH and turbidity of 

water supply in Campina Grande - PB. 

Brazilian Journal of Biometrics , São 

Paulo, v. 32, n. 4, p. 459-477, 2014. 

Available at: 

http://jaguar.fcav.unesp.br/RME/fasciculos/

v32/v32_n4/A1_DavidMoacir_Ana.pdf. 

Accessed on: March 23, 2022. 

 

FERREIRA, DJL Statistical quality 

control in drip irrigation system using 

anaerobic reactor effluent. Thesis 

(Doctorate in Agricultural Engineering) – 

Federal University of Campina Grande, 

Campina Grande, 2015. 

 

GOMES, AHS; LIMA, MGM; FERREIRA, 

DJL; VASCONCELOS, GN; PEDROZA, 

JP; LIMA, VLA Statistical control applied 

to distribution uniformity in drip units 

operating with wastewater. Irriga , 

Botucatu, v. 25, n. 4, p. 719-727, 2020. 

DOI: 

https://doi.org/10.15809/irriga.2020v25n4p

719-727 . Available at: 

https://revistas.fca.unesp.br/index.php/irriga

/article/view/4181. Accessed on: April 12, 

2022. 

 

GOUVEIA, MAC Statistical quality 

control. 1st ed. Londrina: Editora e 

Distribuidora Educacional SA, 2018. 

Available at: http://cm-kls-



712                                                                                Lima, et al. 

Irriga, Botucatu, v. 27, n. 4, p. 700-714, outubro-dezembro, 2022 

content.s3.amazonaws.com/201801/INTER

ATIVAS_2_0/CONTROLE_ESTATISTIC

O_DA_QUALIDADE/U1/LIVRO_UNICO

.pdf. Accessed on: January 10, 2022. 

 

HERMES, E.; VILAS BOAS, MA; 

GONÇALVES, MP; GRIS, DJ; LINS, MA; 

BERGER, JS Distribution uniformity in 

drip irrigation with cassava processing 

wastewater. Journal of Agribusiness and 

Environment , Maringá, v. 11, n. 2, p. 545-

559, 2018. DOI: 

https://doi.org/10.17765/2176-

9168.2018v11n2p545-559 . Available at: 

https://periodicos.unicesumar.edu.br/index.

php/rama/article/view/4390. Accessed on: 

March 16, 2022. 

 

MELO, MC; GUIMARÃES, LM; SILVA, 

PL; CAMARGO, DD; DRUMOND, LCD 

Growth and productivity of brachiaria 

fertilized and irrigated by subsurface drip. 

Irriga , Botucatu, v. 25, n. 1, p. 112-130, 

2020. DOI: 

http://dx.doi.org/10.15809/irriga.2020v25n

1p112-130. Available at: 

https://revistas.fca.unesp.br/index.php/irriga

/article/view/3743/2628. Accessed on: 

February 20, 2022. 

 

MONTGOMERY, DC Introduction to 

Statistical Quality Control . 4th ed. Rio de 

Janeiro: LTC, 2013. 

 

MORATA, GT; DANTAS, GF; DALRI, 

AB; PALARETTI, LF; FARIA, RT; 

SANTOS, GO Clogging of drippers using 

treated sewage effluent under two filtration 

systems. Brazilian Journal of Irrigated 

Agriculture , Fortaleza, v. 8, n. 2, p. 8-97, 

2014. DOI: 10.7127/rbai.v8n200227. 

Available at: 

https://www.researchgate.net/publication/2

73996928_Entupimento_de_Gotejadores_c

om_Uso_de_Efluente_de_Esgoto_sob_Doi

s_Sistemas_de_Filtragem. Accessed on: 

March 18, 2022. 

 

NAKAYAMA, FS; BUCKS, DA Emitter 

clogging effects on trickle irrigation 

uniformity. Transaction of the ASAE , St. 

Joseph, vol. 24, p.77-80, 1991. 

 

ORSSATTO, F.; VILAS BOAS, MA; 

NAGAMINE, R.; URIBE-OPAZO, MA 

Shewhart's control charts and process 

capability ratio applied to a sewage 

treatment station. Magazine Agricultural 

Engineering , Jaboticabal , v. 34, n. 4, p. 

770-779, 2014. DOI: 

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

69162014000400016 . Available at: 

https://www.scielo.br/j/eagri/a/XNkRxCFZ

YTpT56M4CghmYRD/?lang=en. Accessed 

on: January 17, 2022. 

 

PEREIRA, VGMF; LOPES, AS; 

BELCHIOR, IB; FANAYA JÚNIOR, ED; 

PACHECO, A.; BRITO, MKM Irrigation 

and fertigation in eucalyptus development. 

Forest Science Journal , Santa Maria, v. 

29, n. 3, p. 1100-1114, 2019. DOI: 

10.5902/1980509823362 . Available at: 

https://www.researchgate.net/publication/3

36273286_Irrigacao_e_fertirrigacao_no_de

senvolvimento_de_eucalipto. Accessed on: 

January 22, 2022. 

 

RAMOS, JG; LIMA, VLA; PEREIRA, 

MO; NASCIMENTO, MTCC; ARAÚJO, 

NC; PEREIRA, MCA Hybrid corn 

cultivation with macronutrients, human 

urine and cassava starch applied via 

foundation and fertigation. Irriga , 

Botucatu, v. 25, n. 2, p. 420-431, 2020. 

DOI: 

https://doi.org/10.15809/irriga.2020v25n2p

420-431 . Available at: 

https://revistas.fca.unesp.br/index.php/irriga

/article/view/3956. Accessed on: December 

12, 2021. 

 

REIS, KM; PALARETTI, LF; BARRETO, 

AC; ZANINI, JR Subsurface drip irrigation 

and fertigation of broccoli. Irriga , 

Botucatu, v. 26, n. 2, p. 383-397, 2021. 



                                                        Controle estatístico...                                                                         713 

Irriga, Botucatu, v. 27, n. 4, p. 700-714, outubro-dezembro, 2022 

DOI: 

https://doi.org/10.15809/irriga.2021v26n2p

383-397 . Available at: 

https://irriga.fca.unesp.br/index.php/irriga/a

rticle/view/4070. Accessed on: February 

10, 2022. 

 

RIBEIRO, PAA; COELHO, RD; 

TEIXEIRA, MB; Clogging of conventional 

drip lines with application of potassium 

chloride (white and red) via two water 

qualities. Journal Agricultural 

Engineering , Jaboticabal, v. 30, n. 2, p. 

279-287, 2010. DOI: 

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

69162010000200010 . Available at: 

https://www.scielo.br/j/eagri/a/73GxKVkxjt

7k6SnztfpYzsC/abstract/?lang=pt. 

Accessed on: January 16, 2022. 

 

RICHARDS, LA Diagnosis and 

improvement of saline and akali soils . 

Washington, DC: US Department of 

Agriculture, 1954. (Agriculture Handbook , 

n. 60). Available at: 

https://www.ars.usda.gov/ARSUserFiles/20

360500/hb60_pdf/hb60complete.pdf. 

Accessed on: February 21, 2021. 

 

SZEKUT, FD; AZEVEDO, CAV; BOAS, 

MAV; ZUCOLOTTO, T. Hydraulic 

performance of drippers with different 

waters and lateral line slopes. Brazilian 

Journal of Agricultural and 

Environmental Engineering , Campina 

Grande , v. 22, n. 12, p. 813-818, 2018. 

DOI: https://doi.org/10.1590/1807-

1929/agriambi.v22n12p813-818 . Available 

at: 

https://www.scielo.br/j/rbeaa/a/mQqN9T87

Kph8qbZcYnhBQkC/?lang=en. Accessed 

on: January 10, 2022. 

 

SOUSA, FGG; CARVALHO, RSC; 

MELO, MRM; GRASI FILHO, H. 

Absorption of macronutrients and sodium 

by tomato plants subjected to irrigation 

with and without water deficit, using 

different concentrations of wastewater. 

Irriga , Botucatu, v. 26, n. 1, p. 65-76, 

2021. DOI: 

https://doi.org/10.15809/irriga.2021v26n1p

65-76 . Available at: 

https://revistas.fca.unesp.br/index.php/irriga

/article/view/3878. Accessed on: March 8, 

2022.

 


