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 Ever increasing demands for fresh water resources have brought the reuse of treated 

wastewater into agendas. Wastewater has year-long potential to be used as an irrigation 

water source. Therefore, treated wastewater is used as irrigation water over agricultural 

lands and urban landscapes, as process water in industrial applications, as back-up water 

in environmental applications in water resources and wetlands of dry regions. The present 

study was conducted to investigate the possible use of domestic wastewater treated 

through pilot-scale constructed wetland of Adana-Karaisalı with dominant Mediterranean 

climate in irrigation of marigold (Tagetes erecta), commonly used over urban landscapes. 

Experiments were carried out between the dates May-November 2008 for 7 months with 

fresh water and treated wastewater. Plant growth parameters (plant height, plant diameter, 

number of branches) and flowering parameters (number of flowers, flower diameter, 

flower pedicle thickness) were monitored in monthly basis. Results revealed positive 

impacts of treated wastewater irrigations on plant growth during the initial 5 months 

between May-September but negative impacts in October and November. Similarly, 

treated wastewater irrigations had positive impacts on flowering parameters during the 

initial 3 months but had negative impacts during the subsequent 4 months. Such a case 

indicated shortened visual efficiencies of marigold. Therefore, treated wastewater can be 

used as an alternative water resource in irrigation of annual flowers, but better results can 

be attained by mixing treated wastewater with fresh water at certain ratios. 
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Introduction 

Increasing world population, industrial and 

technological developments also increased both the use 

and demands for fresh water resources. It is estimated that 

about 2/3 of world population will experience a water 

deficiency at medium or high level by the year 2025 

(EPA, 2004). World total water resources is 1.4 billion m
3
 

(DSİ, 2012) and only 1% of this amount is used as 

potable water (Cassaniti et al., 2013). Total surface and 

groundwater resources of Turkey are 112 million m
3
 and 

about 40% of this amount is actively used today. Annual 

amount of water per capita is 1519 m
3
 in Turkey and with 

this amount Turkey is classified among the countries 

experiencing a water deficiency (DSİ, 2012). 

Since almost half of the world population lives in 

urban sections (EC, 2012), both the demand for fresh 

water resources and the amount of wastewater are 

increasing every day. Such a case have brought the reuse 

of wastewater to support the fresh water resources into 

urban agendas (Brenner et al. 2000; Lubello et al., 2004; 

Grieve et al., 2006; Niu and Cabrera, 2010; Chang and 

Ma, 2012; Paulo et al., 2013). Reuse of wastewater 

through treating with various methods is a significant 

issue in efficient and sustainable use of water resources. 

Wastewater has year-long potential to provide solutions 

for water deficiency, to allow high quality waters to be 

used as potable water and to provide several economic 

benefits (Levine and Asano, 2004; Lubello et al., 2004; 

Grieve et al., 2006; Meneses et al., 2010). Wastewater is 

treated with several methods such as biological treatment, 

mechanical aerated lagoons, stabilization ponds, 

constructed wetlands and etc. (Balman and Balman, 

2002). As distinct from the other treatment methods, 99% 

microbiological treatment is achieved in constructed 

wetland systems. Therefore, these systems are highly 

significant in reuse of wastewater (Bozdoğan, 2009). 

Treated wastewater is reused especially in agricultural 

lands, urban, industrial, environmental and recreational 

sites and used also to support groundwater sources. In 

urban sections, treated wastewater is used as an 

alternative water resource in irrigation of parks and 

recreation sites, sports sites, school gardens, road sides 

and refuges (EPA, 2004). Worldwide, treated wastewater 

is mostly used in agricultural irrigations and reuse in other 

sites directed by the own needs of the countries (Braatz 

and Kandiah, 2005; EPA, 2004; IRC, 2005; Shetty, 2005; 

Grieve et al., 2006; Bakopoulou et al., 2011). For 

instance, treated wastewaters are used to enrich river 

flows and poplar growth in Spain (Braatz and Kandiah, 

2005; Lazarova, 1999). Again in Spain-Barcelona, treated 

wastewaters are used as an alternative water resource to 
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overcome the water shortage problems experienced in 

summer months and to support river flows (Cazurra, 

2008). Wastewater is designated as a valuable resource to 

be managed sustainable in Greece (Andreadakis et al., 

2001). Wastewater reuse is mostly emphasized in some 

states of the United States of America. They emphasized 

treated wastewater use in open landscapes, agricultural 

lands, recreation sites, industrial and natural sites (habitat 

restoration, support natural wetlands) (FDEP, 2002; 

SFWMD, 2002; EPA, 2004). However, usages of treated  

wastewater should be monitored for years since they may 

have toxic impacts on plants, some elements (heavy 

metals) may accumulate in soils, and wastewater may be 

involved in groundwater (Qian, 2006; Bakopoulou et al., 

2011; Oliveira-Marinho et al., 2013). Cost of treated 

wastewater (Hochstrat et al., 2007), quality, acceptability 

by the users, support by local administrations are among 

the other factors effecting the reuse of treated wastewaters 

(Chang and Ma, 2012). Despite the effects of all these 

factors, together with decreasing water resources, 

scientific researches and implementations on reuse of 

treated wastewater is increasing every day (Bozdoğan et 

al., 2010).  

In landscape architecture profession, treated 

wastewater usage is mostly observed in irrigation of 

landscape plants and researches are usually implemented 

in landscape irrigation. Irrigation of design plants with 

treated wastewaters was investigated in woody plants 

(Gori et al., 2000; Sakellariou-Makrantonaki et al., 2003; 

Lubello et al., 2004; Gerhart et al., 2006; Banon et al., 

2011; Oliveira-Marinho et al., 2013), herbaceous-annual 

plants (Carter et al., 2005; Grieve et al., 2006; Carter and 

Grieve, 2008; Bizhani et al., 2013; Cassaniti et al., 2013) 

and herbaceous-perennial plants and grasses (Gerhart et 

al., 2006; Qian, 2006; Bozdoğan, 2009; Bozdoğan et al., 

2010; Bozdoğan, 2013). 

The present study was conducted to put forward the 

possible use of treated wastewater in open and green 

landscapes to provide a support for sustainability of water 

resources. The results obtained from marigold (T.erecta) 

irrigation in Adana-Karaisalı may contribute a sample 

case for other annual landscape plants used in urban 

landscapes of other Mediterranean cities.  

 

Material and Method 

The present research was conducted in Karaisalı Town 

of Adana, Turkey between the dates May and November 

2008 for 7 months.  

Karaisalı is 50 km from Adana and it is located within 

Mediterranean climate zone. The climate data 

[temperature (C), relative humidity (%), total 

precipitation (mm), number of rainy days (day)] for the 

research year are presented in Figure 1 (Bozdoğan, 2009). 

Marigold (Tagetes erecta) was selected as the plant 

material of the study to investigate the possible use of 

treated wastewater as irrigation water. Marigold has a 

significant visual efficiency and is able to enrich air 

quality. Therefore, it is commonly used in landscape 

architectural implementations of urban area. T. erecta is a 

member of Asteraceae (composite flowers) family and it 

is native to Mexico. It is used seasonally in flower beds, 

balconies and terraces. It has intensive branching and can 

reach to a height of 100 cm. The scented leaves are 

multipartly structure and opposite arranging; the margins 

of the serrat leaflets are oblong-lanceolate (Ebcioğlu, 

2009; Yücel, 2012). The flowers sized 5-10 cm have 

yellow and orange colors. The blooming time is the 

summer and autumn seasons (Yücel, 2012). There may be 

one or more scented flowers over a long stem (Orçun, 

1972). 

 

  

  
Figure 1 Climate data for Karaisalı for the year 2008 
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Fresh and treated wastewater was used as the 

irrigation water of the study. The fresh water was potable 

water. Treated wastewater was obtained from a domestic 

wastewater treatment system of Karaisalı town. This 

system was constructed as a pilot-scale subsurface 

vertical flow constructed wetland. Gravel and basaltic tufa 

were used as media, and Typha latifolia was used as 

vegetative material in treatment pond. The size of the 

pond was 5 x 10 meters; and the depth of the pond was 

0.5 meters. Some quality parameters of irrigation water 

according to “Technical Procedures of Notification for 

Water Pollution Controlling Regulation” published in 7
th

 

January 1991 are provided in Table 1. Results revealed 

fresh water (FW) as the 2
nd

-class and treated wastewater 

(TWW) as the 3
rd

-class irrigation water.  

The experiments were conducted in randomized block 

design with three replications with 6 plants in each 

replication. Drip irrigation method was used to irrigate the 

plants. Lateral spacing in the irrigation system was 50 cm 

and dripper spacing was 40 cm. The irrigations were 

performed once in a week in spring and twice in a week in 

summer. Irrigation durations were 2 hours in both 

seasons. The plant growth parameters [plant height (cm), 

plant diameter (cm), number of shoots, number of live 

plants] and flowering parameters (number of flowers, 

flower diameter, flower pedicle thickness, flowering 

duration) were monitored in a monthly basis. The results 

were analyzed by SPSS 19.0 statistical software and 

differences were tested by independent t-test. Finally, 

assessments were performed and recommendations were 

provided.  

Results and Discussion 

Plant growth parameters of plant height, plant 

diameter and number of shoots of Tagetes erecta, 

irrigated with fresh and treated wastewater for seven 

months are provided in Table 2.  

In all growth parameters, the plants irrigated with 

treated wastewater exhibited better growth during the 

initial 4 months than the plants irrigated with fresh water. 

Irrigation water quality did not yield significant 

differences in plant heights and the highest value (75.44 

cm) was observed in treated wastewater irrigations in 

August. However, treated wastewater irrigations resulted 

in regression in plant growth in September and early die 

of the plants in October. The tallest plant height (73.38) of 

fresh water irrigations was also observed in August. The 

data indicating shorter plant heights for treated 

wastewater irrigations of the present study comply with 

the results reported by Grieve et al. (2006) for Matthiola 

incana and by Carter et al. (2005) for Celosia argentea. 

Diameters of the plants irrigated with treated wastewater 

were larger than the diameter of plants irrigated with fresh 

water during the initial 3 months. The largest diameter 

(58.55 cm) was observed in treated wastewater irrigation 

in July. Except for June (p=0.029), irrigation water 

quality did not result in significant differences in plant 

diameters. There was a distinctive decrease in plant 

diameter in August. Such a case was because of higher 

temperatures (average temperature and daily temperature 

difference) and relative humidity in August and break-off 

of shoots in treated wastewater-irrigations. With regard to 

number of shoots, except for the months August, 

September and October, treated wastewater irrigations 

yielded higher numbers than that of the fresh water 

irrigations. Except for June (p=0.032), in which plant 

growth still continues, irrigation water quality did not 

result in significant differences in number of shoots. The 

highest number of shoots (7.61) was observed in plants 

irrigated with treated wastewater in June. On the other 

hand, the highest number of shoots (6.87) in fresh water 

irrigations was observed in October. The present results 

were similar to the findings of Oliveira-Marinho et al. 

(2013) indicating the increases in number of shoots of 

Rosa hybrida ‘Ambiance’ irrigated with wastewaters with 

different salinity levels.  

Number of living plants was also determined in this 

study. The plants irrigated with fresh water were all alive 

for 5 months between May-September, 50% loss was 

observed in October and 70% loss in November. On the 

other hand, plants irrigated with treated wastewater were 

all alive during the initial 4 months (May-August); then 

15% loss was observed in September and total die-off was 

observed in October. Results revealed longer live periods 

for plants irrigated with fresh water than the plants 

irrigated with treated wastewater. Since annual landscape 

plants are not used for long times like 6 months over 

urban landscapes, treated wastewater irrigations were not 

considered to have significant negative impacts on T. 

erecta. 

Flowering parameters are provided in Table 3. All 

plants irrigated with treated wastewater exhibited better 

performance than the plants irrigated with fresh water 

during the initial 3 months of the experiments. 

Irrigation water quality did not result in significant 

differences in number of flowers (except for the period of 

October-November since sufficient data were not 

observed in plants irrigated with treated wastewater). The 

highest number of flowers (116.66) was observed in June 

in plants irrigated with treated wastewater. Similarly, 

highest value in fresh water-irrigations was also observed 

in June. With regard to flower diameter, irrigation water 

quality did not result in significant differences only in 

July. The largest flower diameter (4.95 cm) was observed 

in plants irrigated with treated wastewater in May. Flower 

diameters of treated wastewater-irrigated plants were 

always higher until August. Later on, flower diameters of 

fresh water-irrigated plants were higher than those of the 

plants irrigated with treated wastewater. The largest 

flower diameter of fresh water-irrigated plants (4.45) was 

also observed during the initial two months of the 

flowering. Present data indicated that treated wastewater 

increased the thickness of flower pedicle during the initial 

3 months, but later on had negative impacts of pedicle 

thickness. These findings comply with the results of 

Bozdoğan (2013) indicating decreasing trends in V. 

laciniata in Autumn. Irrigation water quality yielded 

significant differences in flower pedicle thicknesses of all 

months. The thickest (3.58 mm) pedicle was observed in 

plants irrigated with treated wastewater in May. The 

highest value of fresh water-irrigated plants was also 

observed in May with 2.77 mm. 
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Table 1 Irrigation water characteristics  

Water  

type 
pH 

Sodium 

(meq/l) 

EC 

(25°C) 

Calcium 

(meq/l) 

Magnesium 

(meq/l) 

Carbonate 

(meq/l) 

Bicarbonate 

(meq/l) 

Chloride 

(meq/l) 

Sülphate 

(meq/l) 

Na 

(%) 
SAR 

FW 7.2 0.96 636.1 3.81 1.58 0 4.64 1.06 0.69 0.00 0.5 

TWW 7.0 8.06 1471.0 4.83 1.82 0 9.84 3.17 2.26 4.88 4.4 

 

Table 2 Effects of fresh and treated wastewater irrigations on growth parameters of T.erecta 

Parameter 
Irrigation 

water 

Months 

May June July August September October November 

Plant height  

(cm) 

FW 57.66 65.22 68.27 73.38 70.94 71.25 72.71 

TWW 62.22 67.94 70.50 75.44 69.46 0.00 0.00 

Significance 0.217n.s. 0.506n.s. 0.571 n.s. 0.606 n.s. 0.774 n.s. 0.000* 0.000* 

Plant diameter  

(cm) 

FW 36.50 41.22 47.55 36.16 37.50 52.00 62.42 

TWW 40.61 52.66 58.55 27.16 42.33 0.00 0.0 

Significance 0.324 n.s. 0.029** 0.071 n.s. 0.304 n.s. 0.540 n.s. 0.000* 0.001* 

Number of 

Shoots 

FW 5.16 6.50 4.83 3.88 5.50 6.87 6.85 

TWW 5.50 7.61 7.11 3.77 5.93 0.00 0.00 

Significance 0.614 n.s. 0.249 n.s. 0.032** 0.923 n.s. 0.660 n.s. 0.002** 0.004* 

n.s.: not-significant; *p<0.001; **p<0.01 
 

Table 3 Effects of fresh and treated wastewater irrigations on flowering parameters of T.erecta  

Parameter 
Irrigation 

Water 

Months 

May June July August September October November 

Number of flower 

FW 41.00 92.66 77.33 70.33 28.66 16.66 37.33 

TWW 49.33 116.66 83.33 54.00 6.66 0.00 0.00 

Significance 0.507 n.s. 0.446 n.s. 0.853 n.s. 0.481 n.s. 0.067 n.s. 0.007** 0.014** 

Flower diameter 

(cm) 

FW 4.45 4.45 3.87 3.79 3.47 3.46 3.71 

TWW 4.95 4.79 3.95 3.35 2.05 0.00 0.00 

Significance 0.024** 0.046** 0.580 n.s. 0.016** 0.004** 0.000* 0.000* 

Flower pedicle 

thickness (mm) 

FW 2.77 1.84 2.15 2.59 2.32 1.78 2.14 

TWW 3.58 2.97 2.79 2.26 1.33 0.00 0.00 

Significance 0.000* 0.000* 0.000* 0.090** 0.002** 0.000* 0.000* 

n.s.: not-significant; *p<0.001; **p<0.05 

 

In addition to flowering parameters, flowering 

durations were also assessed in this study. Results 

revealed that flowering periods of the plants irrigated with 

fresh water (210 days) were longer than the flowering 

periods of the plants irrigated with treated wastewater 

(150 days). These findings comply with the results of 

Bozdoğan (2013) reporting negative impacts of treated 

wastewater irrigations on flowering of V. laciniata during 

the first year.  

Conclusion 

Marigold (Tagetes erecta) is a seasonal flower and 

commonly preferred in Mediterranean Region because of 

long-lasting flowering. Following conclusions were 

drawn from this study investigating the effects of clean 

water and treated wastewater irrigation on growth and 

flowering parameters of marigold: Treated wastewater 

irrigations did not result in negative impacts on growth 

and flowering parameters of T. erecta during the initial 

three months (May, June and July). Contrarily, the plants 

irrigated with treated wastewater had higher plant heights, 

plant diameters, number of shoots, number of flowers, 

flower diameters and flower pedicle diameters than the 

plants irrigated with fresh water during these initial three 

months. However, treated wastewater irrigations 

decreased the flowering durations. Considering the 

number of live plants, shorter lives of plants irrigated with 

treated wastewater were not considered as a problem for 

seasonal flowers. Therefore, it was concluded that treated 

wastewaters could be used as an alternative source in 

irrigation of T. erecta to provide a support to clean 

potable waters. However, long-term use is not 

recommended and/or mixture with fresh water at various 

ratios is recommended. 
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