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Abstract 

This study aimed to evaluate growth and production of ornamental sunflower (Helianthuns annuus L.), cv. Anão 
de Jardim, irrigated with dilutions of human urine in treated domestic effluent. The experiment was carried out in 
completely randomized design with five treatments and four replicates, in a greenhouse. Treatments consisted of 
four dilutions of human urine (0, 2, 4 and 6%) in treated domestic effluent and fertilization with 50% of the 
recommendation of mineral fertilizer. Plants irrigated with human urine dilutions (2, 4 and 6%) in treated 
domestic effluent and fertilized with 50% of the recommendation of nitrogen (N) and potassium (K) showed 
reductions of growth and production, while those irrigated with 0% human urine dilution in treated domestic 
effluent and fertilized with 50% of N and K recommendation exhibited similar performance to those irrigated 
with public-supply water and fertilized with 100% of the recommendation of mineral fertilizer. The obtained 
results allow to infer on the viability of replacing public-supply water by treated domestic effluent for irrigation, 
with reduction of 50% in N and K fertilization, without prejudice to the growth and production of ornamental 
sunflower plants, cv. Anão de Jardim.  
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1. Introduction 

Sunflower production has great economic importance and potential as ornamental plant due to factors related to 
the crop, such as short cycle, easy propagation and cultivation, and especially because its inflorescence has 
postharvest durability and is very beautiful and attractive. Sunflower can be grown in any region of Brazil, 
especially for the characteristics of rusticity and easy management, for exhibiting high adaptation to the various 
climates in Brazil and for being little influenced by photoperiod, latitude and longitude (Zobiole, Castro, Oliveira, 
& Oliveira Junior, 2010), representing an important species for the sector of flowers and ornamental plants. 

In Northeast Brazil, flower production is mainly concentrated in the states Pernambuco, Bahia, Ceará and 
Alagoas (Brainer & Oliveira, 2007), limited to areas with favorable climatic conditions and available water 
resources. However, the increasing scarcity of water and high cost of chemical fertilizers have limited the 
expansion of enterprises of floriculture, causing concern in the producers and increasing the interest in the search 
for alternative sources of water and nutrients. 

Wastewater use in agriculture has significantly increased, especially due to the increasing difficulty to identify 
alternative water sources for irrigation and to the high cost of chemical fertilizers and also treatment systems for 
discharge of effluents into receiving bodies (Hespanhol, 2003). In addition to these factors, water reuse is a 
strategic element in the integrated management of water resources, since it increases the offer and meets the 
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water demand of the agricultural sector, besides providing nutrients (Rebouças, Dias, Gonzaga, Gheyi, & Sousa 
Neto, 2010). Larsen et al. (2001) report that human urine constitutes about 1% of the total volume of the 
domestic effluent, but represents more than 80% of the nitrogen (N) and potassium (K) found in the effluent. 
Besides having macro- and micronutrients essential to crops and in greater amount, human urine supplies them 
in the ideal form to be used by plants, i.e., N in the form of urea, phosphorus (P) in the form of orthophosphate 
and K as free ion (Jönsson, Baky, Jeppsson, Hellström, & Kärraman, 2005).  

According to Stintzing, Rodhe, Akerhielm, and Steineck (2002), if fertilization with urine is performed carefully 
and at adequate time, with direct application in the soil, the crop can absorb almost all N. Because of that, urine 
has been considered as an important element for management and conservation of water resources, since it can 
be recovered, besides constituting an important source of fertilizers for agriculture (Karak & Bhattacharyya, 
2011). Studies have demonstrated that the use of wastewater and/or human urine to irrigate plants results in 
positive aspects, since sanitary sewers are able to meet the water demand of the crops, as well as to provide 
sufficient nutrients to meet most of the nutritional requirements (Souza, Nobre, Gheyi, Dias, & Soares, 2010; 
Andrade, Gheyi, Nobre, Dias, & Nascimento, 2012; Santos et al., 2012; Santos Júnior, Souza, Pérez-Marin, 
Cavalcante, & Medeiros, 2015).  

Given the water and nutritional potential of wastewater from treated domestic effluent and human urine for 
ornamental sunflower production, studies demonstrating technical viability and hence reduction of costs with 
mineral fertilization are still incipient. Therefore, this study aimed to evaluate growth and production of 
ornamental sunflower (Helianthuns annuus L.), cv. Anão de Jardim, irrigated with different dilutions of human 
urine in treated domestic effluent.  

2. Material and Methods 

2.1 Experiment Location and Design 

The experiment was carried out in a greenhouse in the experimental area of the Agricultural Engineering 
Graduate Program of the Federal University of Recôncavo da Bahia, located in the municipality of Cruz das 
Almas, Bahia, Brazil, from January to March 2016. The geographic coordinates of the municipality are 
12°40′12″ S latitude and 39°6′7″ W longitude, at altitude of 220 m. The climate of the region is classified as 
humid to sub-humid (D’Angiolella, Castro Neto, & Coelho, 2000) and, according to Köppen’s classification, as 
Aw to Am, with mean annual rainfall of 1,143 mm.  

The experiment was set in a completely randomized design with five treatments and four replicates, totaling 
twenty experimental plots. The experimental plot was composed of one 20 dm3 plastic pot filled with moderate A 
cohesive Yellow Latosol with the following chemical characteristics: pH (water) = 5; OM (%) = 1.65; SB and 
CEC (cmolc dm-3) = 1.54 and 4.79, respectively, and physical characteristics: 776 g kg-1 of total sand total, 181 g 
kg-1 of clay and 43 g kg-1 of silt.  

Three seedlings of Helianthuns annuus L., cv. Anão de Jardim, with two pairs of leaves, were transplanted to 
each pot and, one day prior to transplantation, the soil was fertilized with P (577 mg kg-1) using monoammonium 
phosphate (MAP) as source, as recommended by Novais, Neves, and Barros (1991).  

2.2 Conduction and Application of Treatments 

Seedlings were daily irrigated using watering cans, applying a water depth sufficient to maintain soil moisture 
close to field capacity. The water volume applied in each pot was determined by the difference between the 
weight of each pot with soil at field capacity and the weight on the specific day of irrigation. 

Treatments were applied 7 days after transplantation, irrigating the plants with human urine dilutions (0, 2, 4 and 
6%) in treated domestic effluent, and the control with public-supply water. The chemical analysis of the waters 
used in this study are shown in Table 1. Mineral fertilization with nitrogen and potassium (NK) was applied 
through the irrigation water, adding 100 or 50% of the recommendation of Novais et al. (1991), according to the 
treatments (Table 2) and split into three applications, at 7, 22 and 32 days after transplantation. Each pot in the 
control treatment received 1.9 g of urea and 6.25 g of potassium sulfate, while each pot in the treatments with 
human urine diluted in effluent received 0.95 g of urea and 3.125 g of potassium sulfate. The chemical 
characteristics of the waters used in this study are shown in Table 2. 

 

 

 

 



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 3; 2018 

137 

Table 1. Chemical analysis of the waters used in the study 

Water pH ECw K+ NO3
- NO4

- CO3 HCO3 Na Ca Mg Cl SO4 SAR 

  µS cm-1 ---------------------- mg L-1 ---------------------- ---------------- mmolc L
-1 --------------- (mmolc L

-1)0.5 

TDE 6.85 1392.0 29.00 2.18 11.10 0.00 1.76 6.42 0.81 1.56 5.75 P 8.34 

PSW 7.41 387.0 0.17 - - A 0.41 1.73 0.51 0.88 1.87 P 2.93 

Note. TDE = treated domestic effluent; PSW = public-supply water; ECw = electrical conductivity; SAR = 
Sodium adsorption ratio.  

 

Table 2. Treatments studied in ornamental sunflower plants (Helianthuns annuus L.), cv. Anão de Jardim 

Treatments HU dilutions NK fertilization 

T1 (Control) 0% HU + 100% PSW 100% 

T2 0% HU + 100% TDE 50% 

T3 2% HU + 98% TDE 50% 

T4 4% HU + 96% TDE 50% 

T5 6% HU + 94% TDE 50% 

Note. HU: human urine; PSW: public-supply water; TDE: treated domestic effluent; NK: mineral fertilization 
with nitrogen and potassium.  

 

2.3 Evaluated Variables  

Three evaluations were made, the first one at 22 days after transplantation (DAT) in one plant per pot, measuring 
plant height (PH), stem diameter (SD) and number of leaves (NL), identifying them to repeat the measurements 
after 15 days and at harvest. In this first evaluation, another plant was collected to determine shoot fresh and dry 
matter (SFM and SDM, respectively) and leaf area (LA). The second evaluation was made at 37 DAT, 
performing biometric measurements (PH, SD and NL) in the identified plants and collecting another plant to 
determine SFM, SDM and LA, leaving only one plant per pot. This remaining plant was monitored to determine 
the beginning of flowering (BF), and the last evaluation (harvest) was made as the capitulum full opening (CFO) 
occurred in each plant, according to the criteria of Castiglioni, Balla, Castro, and Silveira (1997). 

After CFO was observed, plants were collected to measure biometric variables (PH, SD and NL) and production 
variables (SFM, SDM, LA, internal and external capitulum diameter—ICD and ECD, and capitulum fresh and 
dry matter—CFM and CDM). 

2.4 Statistical Analysis 

Data were subjected to analysis of variance by F test and treatment means were grouped by the Scott-Knott 
means grouping test at 0.05 probability level. Statistical analyses were performed using the software R 3.4.1 (R 
Development Core Team, 2017).  

3. Results and Discussion 

Treatments had significant effect (p < 0.05) on ornamental sunflower plants, cv. Anão de Jardim, for the 
variables stem diameter (SD), shoot fresh matter (SFM) and leaf area (LA), in the evaluation performed 22 days 
after transplantation (DAT); for the variables SD, SFM, shoot dry matter (SDM) and LA at 37 DAT, and for the 
variables plant height (PH), SD, SFM, SDM, LA, internal capitulum diameter (ICD), external capitulum 
diameter (ECD), capitulum fresh matter (CFM) and capitulum dry matter (CDM), at harvest (Table 3). 

 

 

 

 

 

 

 

 



jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 3; 2018 

138 

Table 3. Analysis of variance summary for plant height (PH), stem diameter (SD), number of leaves (NL), shoot 
fresh matter (SFM), shoot dry matter (SDM), leaf area (LA), beginning of flowering (BF), capitulum full 
opening (CFO), internal capitulum diameter (ICD), external capitulum diameter (ECD), capitulum fresh matter 
(CFM) and capitulum dry matter (CDM) of ornamental sunflower plants, cv. Anão de Jardim, irrigated with 
different dilutions of human urine (HU) in treated domestic effluent (TDE) at 22 and 37 days after 
transplantation (DAT) and at harvest 

Source of variation DF 

Mean squares 

22 DAT 

PH SD NL SFM SDM LA 

HU+TDE (%) 4 5.35ns 2.06* 3.92ns 22.00* 0.21ns 12 808.85* 
Residual 15 4.61 0.34 3.82 6.43 0.09 3564.70 
C.V. (%)  26.82 12.70 20.67 45.43 45.21 42.52 
Overall mean  8.00 4.61 9.45 5.58 0.65 140.42 

 
37 DAT 

PH SD NL SFM SDM LA 

HU+TDE (%) 4 32.86ns 5.22* 4.45ns 313.61* 3.95* 88 011.55* 
Residual 15 29.07 0.61 7.33 35.79 0.40 14 899.83 
C.V. (%)  28.83 10.81 19.21 29.60 24.71 41.11 
Overall mean  18.70 7.24 14.10 20.21 2.55 296.92 

 
HARVEST 

PH SD NL SFM SDM LA 

HU+TDE (%) 4 257.32* 15.24* 5.87ns 2399.21* 41.18* 478 126.60* 
Residual 15 24.31 2.02 5.83 215.33 5.23 63 479.88 
C.V. (%)  14.91 16.28 17.52 32.88 38.76 37.81 
Overall mean  33.06 8.74 13.76 45.62 6.02 682.17 

  BF CFO ICD ECD CFM CDM 

HU+TDE (%) 4 27.05ns 42.82ns 11.25* 17.90* 1706.97* 19.98* 
Residual 15 31.78 39.55 2.18 2.68 216.59 3.35 
C.V. (%)  10.94 10.69 28.37 12.70 39.54 41.50 
Overall mean  51.55 58.85 5.21 12.95 38.14 4.50 

Note. * Significant and ns not significant at 0.05 probability level by F test. C.V.: coefficient of variation.  

 

At 22 and 37 DAT, plants did not differ statistically for height (Tables 4 and 5). However, at harvest there was 
difference in plant height, and the highest means were observed in sunflower plants irrigated with the highest 
dilution of human urine in the effluent (0% HU + 100% TDE) and fertilized with 50% of the N and K 
recommendation, and in sunflower plants irrigated with public-supply water and fertilized with 100% of the 
mineral fertilizer recommendation (Table 6). 

Studies with reuse of effluent have demonstrated satisfactory results for plant growth in comparison to chemical 
fertilization. The results found in the present study for plant height corroborate those reported by other authors 
(Souza et al., 2010; Andrade et al., 2012; Freitas et al., 2012), who observed increment in the height of plants 
irrigated with wastewater. The increment in mean PH observed in sunflower plants irrigated with 100% domestic 
effluent is probably due to the content of nutrients dissolved in the domestic effluent.  

At harvest, significant reduction occurred in the height of plants irrigated with the lowest dilutions of human 
urine in treated domestic effluent (2, 4 and 6% of HU), and such reduction was more accentuated as the urine 
became less diluted (Table 6). Plant height consists in the length of the flower stem and is an important 
parameter for production and commercialization of cut flowers because, along with other characteristics, such as 
quality and durability of inflorescence, it determines the economic value of the product in the market. According 
to Neves, Andréo, Watanabe, Fazio, and Boaro (2009), the minimum length the flower stem of ornamental 
sunflower must have to meet the commercial standards is 35 cm. Only plants in the treatment irrigated with the 
highest dilution of human urine in domestic effluent (0% HU + 100% TDE) and in the treatment irrigated with 
public-supply water (control) exhibit mean height above the recommended value (Table 6).  
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Table 4. Means of plant height (PH), stem diameter (SD), number of leaves (NL), shoot fresh matter (SFM), 
shoot dry matter (SDM) and leaf area (LA) of ornamental sunflower plants, cv. Anão de Jardim, subjected to 
irrigation with different dilutions of human urine in treated domestic effluent at 22 days after transplantation 

Treatments PH (cm) SD (mm) NL SFM (g) SDM (g) LA (cm²) 

100% PSW+100% NK 9.37 a 5.24 a 10.75 a 8.56 a 0.85 a 223.20 a 

100% TDE+0% HU+50%NK 9.00 a 5.49 a 9.75 a 7.44 a 0.82 a 170.30 a 

98% TDE+2% HU+50% NK 7.52 a 4.33 b 9.25 a 3.52 b 0.40 b 96.63 b 

96% TDE+4% HU+50% NK 6.57 a 3.80 b 8.00 a 3.30 b 0.40 b 86.32 b 

94% TDE+6% HU+50% NK 7.55 a 4.22 b 9.50 a 5.10 b 0.78 a 125.63 b 

Note. Means followed by the same letter belong to the same group, according to the Scott-Knott test at 0.05 
probability level. PSW: public-supply water; NK: fertilization with nitrogen and potassium; TDE: treated 
domestic effluent; HU: human urine.  

 

Table 5. Means of plant height (PH), stem diameter (SD), number of leaves (NL), shoot fresh matter (SFM), 
shoot dry matter (SDM) and leaf area (LA) of ornamental sunflower plants, cv. Anão de Jardim, subjected to 
irrigation with different dilutions of human urine in treated domestic effluent at 37 days after transplantation 

Treatments PH (cm) SD (mm) NL SFM (g) SDM (g) LA (cm²) 

100% PSW+100% NK 21.20 a 7.86 a 14.75 a 33.54 a 3.91 a 535.54 a 

100% TDE+0% HU+50%NK 22.10 a 8.74 a 14.50 a 20.84 b 2.51 b 283.74 b 

98% TDE+2% HU+50% NK 18.02 a 7.38 a 12.75 a 22.33 b 3.13 a 318.09 b 

96% TDE+4% HU+50% NK 15.40 a 6.03 a  13.25 a 11.18 c 1.58 b 169.34 b 

94% TDE+6% HU+50% NK 16.77 a 6.20 a 15.25 a 13.18 c 1.64 b 177.88 b 

Note. Means followed by the same letter belong to the same group, according to the Scott-Knott test at 0.05 
probability level. PSW: public-supply water; NK: fertilization with nitrogen and potassium; TDE: treated 
domestic effluent; HU: human urine. 

 

Table 6. Means of plant height (PH), stem diameter (SD), number of leaves (NL), shoot fresh matter (SFM), 
shoot dry matter (SDM), leaf area (LA), beginning of flowering (BF), capitulum full opening (CFO), internal 
capitulum diameter (ICD), external capitulum diameter (ECD), capitulum fresh matter (CFM) and capitulum dry 
matter (CDM) of ornamental sunflower plants, cv. Anão de Jardim, subjected to irrigation with different dilutions 
of human urine in treated domestic effluent at harvest 

Treatments PH (cm) SD (mm) NL SFM (g) SDM (g) LA (cm²) 

100% PSW+100% NK 40.40 a 10.81 a 13.33 a 64.53 a 8.33 a 983.83 a 

100% TDE+0% HU+50%NK 42.75 a 10.86 a 15.50 a 79.06 a 10.49 a 1133.07 a 

98% TDE+2% HU+50% NK 30.25 b 7.94 b 13.00 a 36.50 b 4.90 b 543.21 b 

96% TDE+4% HU+50% NK 26.47 b 7.12 b 12.50 a 23.71 b 3.08 b 365.15 b 

94% TDE+6% HU+50% NK 25.42 b 6.95 b 14.50 a 24.30 b 3.30 b 385.59b 

Treatments BF (days) CFO (days) ICD (cm) ECD (cm) CFM (g) CDM (g) 

100% PSW+100% NK 54.75 a 62.75 a 7.25 a 14.07 a 55.55 a 6.04 a 

100% TDE+0% HU+50%NK 54.00 a 62.00 a 6.67 a 15.92 a 64.84 a 7.57 a 

98% TDE+2% HU+50% NK 50.00 a 57.25 a 4.70 b 12.90 b 32.29 b 3.98 b 

96% TDE+4% HU+50% NK 49.50 a 55.75 a 3.40 b 10.70 b 17.49 b 2.18 b 

94% TDE+6% HU+50% NK 49.50 a 56.50 a 4.02 b 11.20 b 20.52 b 2.71 b 

Note. Means followed by the same letter belong to the same group, according to the Scott-Knott test at 0.05 
probability level. PSW: public-supply water; NK: fertilization with nitrogen and potassium; TDE: treated 
domestic effluent; HU: human urine. 

 

Plants irrigated with the highest dilution of human urine in the domestic effluent (0% HU + 100% TDE) or 
public-supply water (control) showed the highest means of SD and did not differ significantly. However, thinner 
stems were observed in sunflower plants irrigated with the lowest dilutions of human urine in domestic effluent 
(2, 4 and 6% HU) in the evaluations at 22 DAT and at harvest (Tables 4 and 6). Andrade et al. (2012) and Freitas 
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et al. (2012) observed increment in SD of sunflower plants irrigated with wastewater, compared with those 
irrigated with public-supply water. 

In the harvest of flower stems, all treatments met the limit range from 5 to 15 mm, established as quality 
standard for SD in ornamental sunflower plants (Grieve & Poss, 2010) (Table 6). According to Curti (2010), it is 
desirable that the flower stem have greater diameter and resistance to support the inflorescence, which is heavier 
in sunflower plants compared with other species of cut flowers. 

The means of NL did not differ in the three evaluations, with values of 9.45, 14.10 and 13.76 leaves at 22 DAT, 
37 DAT and at harvest, respectively (Table 3). Oliveira, Paz, Gonçalves, and Oliveira (2017), in study with 
ornamental sunflower plants, cv. Anão de Jardim, irrigated with different dilutions of wastewater, observed 
higher means of number of leaves at 35 days after transplanting (19.27 leaves) and at harvest, 56 days after 
transplanting (30.05 leaves). The non-significant effect on NL as a function of the dilutions of human urine 
reveals that, as the N compounds, other nutrients present in the urine and in the effluent may have acted in favor 
of the better result of NL. Another probable explanation for the absence of influence of the different dilutions of 
human urine on the number of leaves is that, in the sunflower crop, the number of leaves is defined very early, 
between 10 and 20 days after emergence, in the period of leaf differentiation (Merrien, 1992). Hence, since 
treatments started 18 days after emergence, it is possible that the number of leaves had already been defined 
previously. Corroborating the results obtained for NL, Freitas et al. (2012) also observed no significant 
differences as a function of the N doses applied in sunflower plants, cv. Multissol.  

Although no significant differences were observed between the NL of ornamental sunflower plants as a function 
of the studied treatments, plants irrigated with the lowest dilutions of urine in effluent (2, 4 and 6%) showed 
reduction in leaf area in all evaluations (Tables 4, 5 and 6). It is believed that this reduction may have been a 
consequence of the nutritional imbalance caused by the highest dilutions of urine in domestic effluent. Such 
imbalance may have caused an increment in the concentration of ions in the soil solution, reducing the osmotic 
potential and compromising water absorption by plants. According to Taiz et al. (2017), leaf expansion is very 
sensitive to water deficit and is reduced at moderate levels of stress, consequently leading to reduction in shoot 
biomass production and photosynthetic efficiency.  

At 22 DAT, there was a reduction of SFM in plants irrigated with the lowest dilutions of human urine in treated 
domestic effluent (2, 4 and 6% HU), followed by reduction of SDM in plants irrigated with dilutions of 2 or 4% 
of urine in effluent (Table 4). In the second evaluation, at 37 DAT, SFM decreased in plants irrigated with urine 
diluted in effluent, and only plants irrigated with 2% dilution of human urine in domestic effluent maintained the 
mean SDM equal to the control, irrigated with public-supply water (Table 5). At harvest, the means of SFM and 
SDM were also reduced in plants irrigated with dilutions of urine in domestic effluent, except for plants irrigated 
with dilution of 0% HU + 100% TDE, which showed SFM and SDM means equal to those of plants irrigated 
with public-supply water (Table 6). 

Corroborating the results found in the present study, Araújo, Coura, Oliveira, Sabino, and Oliveira (2015) 
observed that human urine concentrations above 3% in the hydroponic solution led to loss of shoot fresh matter, 
while urine concentrations above 0% caused reduction in the shoot dry matter of corn plants, attributing this 
reduction to the high concentrations of chloride and sodium found in the urine dilutions. Nevertheless, Santos 
Júnior et al. (2015) concluded that the addition of 4.5% human urine in domestic effluent applied via irrigation in 
millet plants cultivated in Chromic Luvisol led to production results similar to those observed in plants under the 
recommended mineral fertilization and irrigated with public-supply water. 

Regarding the use of irrigation with wastewater compared with public-supply water, Souza et al. (2010), 
studying the sunflower crop irrigated with wastewater and public-supply water and four doses of earthworm 
humus, observed that plants under wastewater irrigation accumulated more shoot fresh and dry matter than 
plants irrigated with public-supply water. Deon, Gomes, Melfi, Montes, and Silva (2010) and Souza et al. (2010) 
highlight the importance of the content of mineral elements present in effluents, especially macro- and 
micronutrients, as factors of contribution to a good plant development. 

The beginning of flowering (BF) occurred on average at 51.5 days after transplantation, and plants irrigated with 
the lowest dilutions of human urine (4 and 6%) were the first ones to start flowering, on average at 49.5 days, 
with capitulum full opening (CFO) at 55.7 days in plants irrigated with 4% human urine dilution in effluent 
(Tables 3 and 6). Although no significant difference was observed between treatment means, there was a shorter 
period for BF and CFO in plants irrigated with the dilutions of human urine in effluent (Table 6). Sunflower 
plants irrigated with public-supply water and fertilized with 100% of the mineral fertilization recommendation 
showed later BF. Likewise, Oliveira et al. (2017) obtained similar results in the cultivation of ornamental 
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sunflower plants (cv. Anão de Jardim) irrigated with wastewater dilutions and did not observe significant 
differences between treatment means for the variables BF and CFO, which occurred on average at 49 and 52 
days, respectively. Andrade et al. (2012) also did not observe significant differences for the variables beginning 
of flowering (BF) and capitulum full opening (CFO) in a study with different genotypes of ornamental sunflower 
irrigated with treated wastewater and public-supply water. 

Although plants in the treatment with 4% human urine dilution in treated effluent were early regarding BF and 
CFO, the parameters internal capitulum diameter (ICD), external capitulum diameter (ECD), capitulum fresh 
matter (CFM) and capitulum dry matter (CDM) were reduced in this treatment. Capitula of sunflower irrigated 
with public-supply water or 0% human urine dilution in effluent were showier and larger, with higher means of 
diameter and mass, not differing statistically (Table 6). Freitas et al. (2012) concluded that the partial 
replacement of commercial N by the N present in reuse water maintains the mean capitulum diameter equal to 
that of plants irrigated with public-supply water and fertilized with mineral fertilizer, and recommended treated 
domestic sewage water for use in sunflower cultivation. 

According to Deon et al. (2010), the presence of nutrients in the effluent can partially replace N fertilization, 
which may probably have influenced and favored the greater capitulum diameter obtained in sunflower plants 
irrigated with 100% treated domestic effluent. Other studies with the sunflower crop have found increments in 
internal and external capitulum diameter of plants irrigated with wastewater in comparison to those irrigated with 
public-supply water (Souza et al., 2010; Andrade et al., 2012; Freitas et al., 2012). Corroborating the results 
found, Biscaro et al. (2008) also observed increase in capitulum diameter in sunflower, cv. H 358 from Dekalb, 
as a function of the increase in N doses, obtaining maximum estimated diameter of 11.9 cm with the N dose of 
44.9 kg ha-1 and, from this point on, reductions in capitulum diameter as N doses increased. Capitulum diameter 
in cut flowers is one of the morphological features most affected by the addition of N (Souza et al., 2010), a 
macronutrient present in abundance in human urine. Addition of low N doses (25 kg ha-1) may cause significant 
increase in capitulum diameter, while high doses may lead to damages (Biscaro et al., 2008).  

Despite the reductions of ECD in plants irrigated with the lowest dilutions of human urine (2, 4 and 6%), all 
treatments showed means within the acceptable commercial standard, which according to Sakata Seed 
Corporation (2003) is between 10 and 15 cm, and the highest value of ECD occurred in plants irrigated with 
100% effluent (15.92 cm). Other studies have found ECD varying from 15.0 to 18.6 cm, depending on the 
cultivar (Smiderle, Mourão, & Gianluppi, 2005; Silva, Bezerra, Sousa, Pereira Filho, & Freitas, 2011). 

At harvest, ornamental sunflower plants irrigated with the lowest dilutions of human urine in domestic effluent 
(2, 4 and 6%) showed the greatest reductions in the growth and production variables evaluated (Table 6).  

Considering the results obtained in the present study for growth and production of ornamental sunflower, cv. 
Anão de Jardim, it is possible to infer on the recommendation of irrigation only with 0% human urine dilution in 
treated domestic effluent, without damages to the crop. 

4. Conclusions 

Dilutions of 2, 4 and 6% of human urine in treated domestic effluent led to reductions in growth and production 
variables of ornamental sunflower plants, cv. Anão de Jardim; 

Ornamental sunflower plants, cv. Anão de Jardim, irrigated with 0% human urine dilution in treated domestic 
effluent and fertilized with 50% of nitrogen and potassium recommendation showed growth and production 
similar to those of plants irrigated with public-supply water and fertilized with 100% of the mineral fertilizer 
recommendation, evidencing the possibility of replacing irrigation with public-supply water by treated domestic 
effluent, along with reduction from 100% to 50% of the mineral fertilization recommendation, without damages 
to growth and production.  
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