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Abstract 
The environmental pollution coming from dairies industries are the most hazardous of the economy sector due to 
the great amount of garbage produced. This work aimed it evaluating the dairies effluent on the morphometric, 
productive, bromatological, and nutritional effects of the thornless cactus. One trial was carried out it the Water 
Reuse Experimental Station during the period from April to December 2015. The experiment was carried out in 
randomized blocks design, with five treatments and five replications, totaling 25 experimental units. The 
treatments were irrigation with water of well (T1), irrigation with 10% of annual dose plus water of well (T2), 
irrigation with 20% of annual dose plus water of well (T3), irrigation with 30% of annual dose plus water of well 
(T4), and irrigation with 40% of annual dose plus water of well (T5). The growth parameteres determinations 
parameteres (production and quality) of thornless cactus were achieved at 240 days after planting. The highest 
productivity (28.2 Mg ha-1) was achieved with the treatment T4. The nitrogen concentrations were significative 
to thornless cactus, whereas the treatment T4 increased mostly the Nitrogen content in the plants. Then, the T4 
treatment predominated, since it enhanced the crop productivity about crude protein and Nitrogen contents. 

Keywords: agroindustry wastewater, cacti, forage crop, water reuse 

1. Introduction 
The thornless cactus (Cereus hildmannianus K. Schum), among forage crops, belongs to cacti botanical family, 
foun frequently in arid and semiarid environments, requiring a low water supply, and has great potential to 
produce forage and to supply protein (Dubeux Júnior et al., 2015; Souza et al., 2017). Thornless cactus is 
important for native forests preservation and to produce low-cost forages. Thus, the reuse of dairies wastewater 
(DWW) in semiarid regions is an important water supply alternative and needs to be better studied.  

The agriculture increasing water necessity and the high amount of agroindustry wastewater have been 
intensifying the water reuse on agricultural and county environments, increasing the need for environmental 
quality and its preservation (Oliveira, Rodrigues, Fia, Vilela, & Mafra, 2017; Oliveira et al., 2017a). The DWW 
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The treatments were based on the criteria of EPA (1981), and on the water necessity of the crop: treatment 
T1-water from public supply (WPS); treatment T2-0.1 × annual water volume (LW) of EPA plus WPS; 
treatment T3-0.2 × LW of EPA plus WPS; treatment T4-0.3 × LW of EPA plus WPS; and treatment T5-0.4 × 
LW of EPA plus WPS. Thus, the doses 0, 230.8, 461.6, 692.4 and 923.2 m3 ha-1 year-1 of DWW corresponded to 
the treatments T1, T2, T3, T4, and T5, respectively.  

The application of the water coming from the public supply was carried out through the following components:  

a) one 16 m3 reservoir of concrete; b) one 0.5 cv pump with a 130-μm mesh filter; c) one main 32 mm of 
diameter PVC tube, and d) twenty 2.0 L h-1 branch tubes with droplets non-self-compensating and emitters 
spaced 0.30 m apart.  

The application of dairy effluent was carried out as the following: a) Mixing and homogenization of the effluent 
to avoid sedimentation; b) Measurement of the specified quantity of the effluent with an 1 L scaled beaker; c) 
Dropping the amount to a watering can; and d) Laying the effluent with the watering can on the soil in every 
experimental parcel, avoiding the direct touch of the effluent on the body of the thornless cactus. 

The planting of the thornless cactus was carried out at Abril 18, 2015. Four 0.25 m height seedlings were planted 
in each parcel 0.15 m deep in the soil and spaced 0.50 m apart. At all crop cycle long neither was done 
amendments or top-dressing fertilization, as suggested by Mesquita (2016). 

In the treatments T1 to T5, the irrigation with water coming from the public supply (WPS) occurred fortnightly, 
since the planting of thornless cactus at Abril 15, 2015 until finishing the experiment at December 18, 2015. The 
application of the dairy effluent begun on June 1, 2015 aiming at avoiding harming the seedlings during the 
adaptation pace (Oliveira et al., 2017). 

From the beginning of the thornless cactus cropping cycle until the harvest at 240 days after planting, a crude 
irrigation blade of 227.14 mm was applied, which was distributed in five proportions of the DWW and water 
coming from public supply (WPS). 

The harvest of the thornless cactus was carried out manually after 240 days of the planting. The analysis of the 
plant development was carried out considering the variables productivity (PROD), fresh mass (FM), dry mass 
(DM), plant height (PH), cladode length (CL) and cladode number (NC). 

In quality’s evaluation of the cactus produced, bromatological and chemical analyses were carried out to assess 
the variables: acid detergent fiber (ADF), neutral detergent fiber (NDF), crude protein (CP), nitrogen (N), 
phosphorus (P), sodium (Na), potassium (K), calcium (Ca) and magnesium (Mg) according to EMBRAPA’s 
methodology (Silva, 2009; Detmann et al., 2012). 

The crude protein (CP) was calculated through the equation Equation 1, following Detmann et al. (2012).  

CP	=	 [N]

10
	× 6.25                                    (1) 

Where, CP: crude protein, %; N: total nitrogen by Kjeldahl method, g kg-1. 

2.3 Statistical Analyzes 

The morphometric, bromatological and chemical data of the thornless cactus were submitted to analysis of 
variance through the software SISVAR (Ferreira, 2014), performing Tukey’s test and orthogonal contrasts for 
multiple comparisons of means (Mesquita, 2016). 

The contrasts were: 1) treatment T5 versus other treatments (T1, T2, T3 and T4); 2) treatment T4 versus 
treatments T1, T2 and T3; 3) treatment T3 versus treatments T1 and T2; and 4) treatment T2 versus treatment T1. 
The combination of the contrasts with the averages of the treatments was expressed as follows, as proposed by 
Mesquita (2016): 

C1 = 12 m1 + 12 m2 + 8 m3 + 10 m4 – 42 m5                       (2) 

C2 = 30 m1 + 30 m2 + 20 m3 – 80 m4                           (3) 

C3 = 6 m1 + 6 m2 – 12 m3                               (4) 

C4 = 6 m1 – 6 m2                                   (5) 

3. Results and Discussion 
The morphometric variables were significant for productivity (PROD), fresh mass (FM), dry mass (DM), plant 
height (PH), cladode length (CL) and cladode number per plant (CN) as shown in Table 2. 
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Table 2. Productive and morphometric variables of thornless cactus irrigated with proportions of dairy effluent 
and water from the public supply 

Treatments 
Productive and morphogenic characteristics 

PROD FM DM PH CL CN 

Mg ha-1 ------------ kg m-2 ----------- --------------- m --------------- 
T1 6.14a 0.61a 0.05a 0.30a 0.22ab 1.10a 
T2 11.66b 1.17b 0.08b 0.29a 0.21a 1.50a 
T3 18.73c 1.87c 0.13c 0.36ab 0.25ab 1.36a 
T4 28.17d 2.82d 0.21d 0.45b 0.31b 1.64a 
T5 10.38ª 1.04b 0.07ab 0.36ab 0.24ab 1.38a 
Average 15.02 1.50 0.11 0.35 0.24 1.40 
CV (%) 6.85 6.85 8.89 18.27 20.43 20.93 
Standard-error 0.46 0.05 0.01 0.03 0.02 0.13 
Probability 0.00** 0.00** 0.00** 0.01* 0.04* 0.09NS 

Contrastes Probability of contrasts (decimal) 

C1: T5 Vs (T1 + T2 + T3 + T4) 0.0000** 0.0000** 0.0000** 0.7395NS 0.9414NS 0.9337NS 
C2: T4 Vs (T1 + T2 + T3) 0.0000** 0.0000** 0.0000** 0.0009** 0.0034* 0.0476* 
C3: T3 Vs (T1 + T2) 0.0000** 0.0000** 0.0000** 0.0693NS 0.2314NS 0.7127NS 
C4: T2 Vs T1 0.0000** 0.0000** 0.0001** 0.7860NS 0.6904NS 0.0459* 

Note. T1-water from public supply only (WPS), T2-0.1 × LW of EPA plus WPS, T3-0.2 × LW of EPA plus 
WPS, T4-0.3 × LW of EPA plus WPS, and T5-0.4 × LW of EPA plus WPS; PROD-Produtivity; FM-Fresh mass; 
DM-Dry mass; PH-Plant height; CL-Cladode lenght; CN-Cladode number per plant; C1 = 12 m1 + 12 m2 + 8 m3 
+10 m4 – 42 m5; C2 = 30 m1 + 30 m2 + 20 m3 – 80 m4; C3 = 6 m1 + 6 m2 – 12 m3; C4 = 6 m1 – 6 m2. Averages 
followed by same latters in the column did not differ statisticly by Tukey’s test at 5% of probability. ** and * 

significative at 1 and 5 % of probality by F test, respectively. NS-non-significative.  

 

The dose of 692.4 m3 ha-1 of DWW (T4) significantly increased the PROD, FM, DM and PH variables, resulting 
in a major of 28.17 Mg ha-1, 2.82 kg m-2, 0.21 kg m-2 and 0.45 m, and an increasing of 459, 460, 429 and 149%, 
respectively, about the thornless cactus responses under control treatment (T1). Mathiyarasu et al. (2017) used an 
800 mm-1 blade water of slaughterhouse and domestic sewage wastewater, and obtained the productivity of 8.4 
and 4.4 Mg ha-1 DM of sunflower and alfalfa, respectively. While Bezerra et al. (2017) obtained a productivity 
of 2.28 Mg ha-1 DM of Marandu grass (Brachiaria brizantha cv. Marandu) with dosages of 120m³ ha-1 of 
cassava processing residual water.  

There was no significance for length and number of cladodes, in relation to control treatment, this fact is 
attributed to the short cultivation period of the cacti of only 240 days. If they were cultivated for 720 days, 
probably these characteristics would have presented statistical difference. Such a similar result to those observed 
by Queiroz et al. (2015) and Cunha et al. (2012) in studies with forage palm and irrigation blades in semiarid 
region conditions. However, Barbosa et al. (2017) observed an increase in the number of cladodes of 3rd 
generation, resulting in greater CO2 assimilative ability and photosynthetic activity, enhancing the cell division 
and the increase of fresh mass, dry mass, length and number of cladodes of the Mexican erect prickly pear 
(Opuntia stricta (Haw.) Haw. Silva et al. (2016) obtained 15,5 cladodes per plant, applying 200 kg ha-1 of N, 150 
kg ha-1 of P2O5 and 100 kg ha-1 of K2O. The authors also emphasized that an increase of the rainfall at the end of 
the trial enhanced the vegetative performance of the forage, resulting also in significative effects upon the 
cladode area and the plant height. 

In the T4 treatment provided a PH maximum of 0.45 m, a significative result and 50% superior to 0.30 m 
obtained from the treatment T1 (control). Pereira, Silva, Zolnier, Morais, and Santos (2015), and Lima et al. 
(2016) obtained a PH of 0.49 m and 1.15 m, respectively, evaluating the forage palm irrigated in semiarid 
conditions.  

In this work, only positive and significant (5%) effects of the orthogonal contrasts were observed for pH, and for 
C and CN at 1% probability, thus demonstrating the nutritional and water supply effects for the thornless cactus 
in a semiarid environment.  

Queiroz et al. (2015), and Barbosa et al. (2017) confirm that the macro and micronutrients coming from 
wastewater can enhance the cacti productivity in semiarid regions, even being the water supply fundamental to 
the plant performance in these climate condition (Oliveira et al., 2017; Klomjek., 2016). However, dairy 
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effluents have high terores salts, including sodium, which can cause salinization and in agricultural areas 
sodification handled improperly reused. For this reason, it is essential to employ technical criteria that allow 
agricultural reuse with its mitigated environmental impacts. 

In Table 3 shows the bromatological variables and nutritional status of thornless cactus at 240 days after planting. 
There was no significance for the application of the treatments for acid detergent fiber (ADF), neutral detergent 
fiber (NDF), potassium (K) and magnesium (Mg) at 5% of probability for Tukey’s test when compared to 
treatment control. The variables CP, N, Ca and Na present significant differences at 1% of probability by the F 
test, while the variable P was also significant at 5% probability by the test F. Analyzing the variables CP, N, Ca, 
Na and P, (T1) does not differ statistically from the others, by the Tukey test at 5% probability, indicating that 
the nutrients present in the dairy waste water are in concentrations that do not affect the bromatological 
characteristics nor the accumulation of nutrients in the vegetable tissue. 

 

Table 3. Bromatological characteristics and nutritional composition of thornless cactus irrigated with proportions 
of dairy effluent and public water supply 

Treatments ADF NDF CP N P K Ca Mg Na 

---------------- % ---------------- -------------------------- g kg-1 ---------------------------- mg kg-1 

T1 21.58a 25.91a 15.37ab 24.29ab 0.03ab 3.21a 107.98ab 37.44a 247.20ab

T2 20.71a 28.75a 15.09ab 24.19ab 0.05b 5.28a 139.93b 44.38a 164.50a

T3 21.47a 27.86a 12.72a 20.34a 0.04ab 7.98a 123.63b 41.82a 179.37a

T4 18.93a 27.03a 17.57b 28.11b 0.03ab 3.77a 82.33a 29.77a 211.59ab

T5 19.10a 25.62a 16.13b 25.81b 0.03a 2.36a 121.00b 38.56a 311.65b

Average 20.36 27.03 15.37 24.61 0.04 4.52 114.97 38.59 222.86 

CV (%) 9.62 7.04 10.04 10.04 29.82 80.51 16.70 19.56 25.59 

Standad-error 0.876 0.851 0.690 1.104 0.005 1.628 8.589 3.375 25.509 

Probability 0.1272NS 0.0955NS 0.0025** 0.0025** 0.0162* 0.1701NS 0.0031** 0.0667NS 0.0063**

Contrast C1: T5 Vs (T1 + T2 + T3 + T4) 0.1279NS 0.0872NS 0.3010NS 0.3059NS 0.0493* 0.1931NS 0.4764NS 0.7990NS 0.0015**

Contrast C2: T4 Vs (T1 + T2 + T3) 0.0382*   0.0019** 0.0020** 0.0955NS 0.4665NS 0.0007** 0.0103* 0.6816NS

Contrast C3: T3 Vs (T1 + T2) 0.7615NS 0.6185NS 0.0090** 0.0087** 0.9606NS 0.0787NS 0.9755NS 0.8284NS 0.4092NS

Contrast C4: T2 Vs T1 0.4910NS 0.0314* 0.7774NS 0.8006NS 0.0078** 0.3813NS 0.0182* 0.1650NS 0.0358*

Note. T1-water from puclis supply only (WPS), T2-0.1 × LW of EPA plus WPS, T3-0.2 × LW of EPA plus WPS, 
T4-0.3 × LW of EPA plus WPS, and T5-0.4 × LW of EPA plus WPS; ADF-Acid Detergente Fiber; 
NDF-Neutral Detergent Fiber; CP-Crude Protein; N-Nitrogen; P-Phosphorus; Na-Sodium; K-Potassium; 
Ca-Calcium; Mg-Magnesium; Fe-Iron; Mn-Manganese; Zn -Zinc; Cu-Copper. C1 = 12 m1 + 12 m2 + 8 m3 +10 
m4 – 42 m5; C2 = 30 m1 + 30 m2 + 20 m3 – 80 m4; C3 = 6 m1 + 6 m2 – 12 m3; C4 = 6 m1 – 6 m2; 

1 Averages 
followed same latters in the column do not differ statisticly by Tukey’s test at 5% of probability. ** and * 

Significative at 1 and 5% of probality F test, respectively. NS-non-significative at 5% of probability by F test.  

 

For Santos et al. (2017) the forage of best quality is obtained when CP is higher than 12% and NDF less than 
60%, such a conditions in which the results of the present study fit, unlike the 53.02% NDF obtained by Emparn 
(2013) in studies with thornless cactus. 

It is also worth noting that the average results of CP and NDF obtained among all treatments were superior to 
8.17% and inferior to 65%, respectively, is considered as a minimum requirement for protein availability and 
non-limiting effects in the digestive capacity of the animals (Emparn, 2013; Van Soest, 1965). When analyzing 
the orthogonal contrasts, it was observed that the variables ADF and CP presented significant contrasts C2 and 
C3 at 1% probability, therefore, it was emphasized that the treatments T4 and T3 provided better thornless cactus 
fiber and protein responses with regards of the other treatments.  

According to Solati, Jørgensen, Eriksen, and Søegaard (2017), although the nutritional composition of 
wastewater is the main responsible for the changes and the dynamics in the development of forage cultivars. The 
sodium concentration of the dairy wastewater (Donatti, Gomes, Menegassi, Tommaso, & Rossi, 2017) can 
provide osmotic disbalances of the root cells and, consequently, affecting the uptake of macronutrients, such as 
nitrogen, the main responsible for the lignification processes and fot the growth of the cell wall, resulting direct 
effects on NDF, ADF and CP. 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 14; 2019 

181 

In studies with bovine biofertilizer, Alonso and Costa (2017) verified linear growth up to the third harvest for the 
NDF and CP variables, applying 20 m3 ha-1 in the forage crop B. brizantha cv. Xaraés. While Moreira et al. 
(2017) observed a reduction of 24.5% to 17.5% of CP with the increase of the harvest interval in the cassava 
crop. The same authors also reported that there is a tendency of increasing the fiber and protein contents in the 
first harvest, but a reduction with the crop aging as a function of the increase of dry matter, and an increase in the 
C/N ratio. In this sense, Bjarnadóttir, Aðalbjörnsson, Nilsson, Slizyte, and Roleda, (2018) pointed out that the 
increasing of nitrogen enhances the production of glutamic acid, one of the main compounds responsible for the 
formation of proteins in vegetables.  

Values compiled by Moraes, Costa, and Araújo (2011) presented contents of the bromatological variables 
unlikely for the regular cactus and for thornless cactus. The percentages of DM, ANF, and ADF were higher for 
thornless cactus, with values equivalent to 14.43%, 56.62%, and 29.90%, respectively. In contrast with 8.56% of 
DM, 37.56% of NDF and 19.72% of ADF composed the regular cactus.  

The highest concentration of N in cladodes was 28.11 kg kg-1 after application of 692.4 m3 ha-1 DWW (T4). 
Although, this result was significant with respect of the treatment T3 (20.34 g kg-1 of N) when compared to 
control (24.29 g kg-1 of N in cladodes), was not significant, even representing an increase of 18.78%. Similar 
results were obtained by Caruso, Mauceri, Cavallaro, Borin, and Barbera (2018) after application of wastewater 
from the processing of olive oil in durum wheat (Triticum durum desf.) in semiarid Mediterranean conditions. 
Kessler, Sampaio, Sorace, Lucs, and Palma (2014) observed concentrations of 30.33 g kg-1 of N with 
applications of 300 m3 ha-1 of swine wastewater, 67.50% higher than the 18.11 g kg-1 obtained in the treatment 
control.  

Nitrogen is the nutrient that plants require in larger amounts. It is a constituent of many plant cell components, 
including chlorophyll, amino acids and nucleic acids (Taiz & Zeiger, 2013). Fertigation with treated dairy 
effluent was sufficient to meet the crop demand, regardless of the applied dose.  

For phosphorus, the highest concentrations in cladodes were 0.05 g kg-1 of P after doses of 230.87 m3 ha-1 of 
dairy wastewater, a result not significant in relation to the control. These results were lower than the 0.47 g kg-1 

of P in the Sabiá species (Mimosa caesalpiniifolia Benth), in a semiarid environment, applying 100% treated 
domestic sewage blades. R. Fia, Boas, Campos, F. Fia, and Souza (2014) verified that Tifton 85 grass presented 
4.2 g kg-1 of P with a daily application of 0.129 m3 d-1 of swine wastewater. Data from Emparn (2013) shows a 
phosphorus content equivalent to 0.8 g kg-1. Contrasts C1 and C4 were significant at 5% and at 1% probability 
for phosphorus, concomitantly. There were no significant differences for potassium and magnesium among all 
treatments.  

Vo et al. (2018), and George, Hinsinger, and Turner (2016) stated that phosphorus dynamics in soils have a 
direct influence on the absorption capacity of plants since this nutrient has low mobility and can be absorbed in 
varying concentrations throughout the life cycle of the crop. Oliveira et al. (2017), and Tocchi, Federici, 
Scargetta, D’annibale, and Patruccioli (2013) further point out that the availability and supply of phosphorus in 
fertigations with wastewater and dairy products may vary depending on the different dairy products 
manufactured and the reagents used in the cleanings.  

The highest sodium increment in cladodes was 311.65 mg kg-1 after applications of 923.2 m3 ha-1 of DWW in the 
treatment T5, being 89.45% higher and statistically significant in relation to the lower concentration of 164.50 
mg kg-1 in treatment T2. For calcium, there was a maximum increase of 139.93 g kg-1 after receiving 230.8 m3 
ha-1 of DWW (T2). This result, although not significant in relation to the control, was significant in relation to 
the 82.33 g kg-1 obtained in the treatment T4. It was observed that, for calcium, there were significant orthogonal 
contrasts for C2 and C4, whereas for sodium only in C1. 

These results were lower than those obtained by Alves et al. (2017) when evaluating the chemical and nutritional 
variability of cladodes of forage palm. The authors found concentrations of 2.10 and 1.40 g kg-1 of Na in 
secondary and tertiary branch cladodes, respectively, of forage palm after treatment with 20 t ha-1 of bovine 
manure. The same authors also observed concentrations of 3.4, 46.6, and 49.7 g kg-1 of Calcium in the second, 
third and fourth order cladodes, respectively. Astello-García et al. (2015) observed 2.0 g kg-1 of Na in cladodes 
of Opuntia spp. in studies with the domestication of cacti. Only contrasts C1 and C4 were significant (Table 3). 

For Queiroz et al. (2015) the photosynthetic dynamics of the primary cladodes provides the greater vegetative 
performance of the cacti, providing positive effects on the absorption and distribution of nutrients and salts 
during the crop cycle. In this process, Taiz and Zeiger (2013), and Hernandez-Urbiola, Perez-Torrero, and 
Rodriguez-Garcia (2011) state that although sodium and phosphorus are essential elements in the development 
of cacti and have a significant role in the recomposition of phosphoenolpyruvate, transport and transduction of 
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chemical energy (ATP and NADPH) during photosynthesis, when in high concentrations, the development of the 
culture, retaining large amounts of salts in the primary cladodes and interfering in the transport of nutrients and 
water to the young cladodes. 

4. Conclusion 
The dairy effluent combined with supplying water is good means of irrigation to thornless cactus, favoring the 
productivity and the nutritional aspect.  

The dairy effluent usage in thornless cactus growth leads to a reduction of environmental damages, as by the 
adequate residue destination as by water saving in irrigation. 
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