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Abstract

The reduction of water resources due to the global climate change and population growth is one of the most
critical issues facing the designers and planners of the development of green spaces in cities. Against these
challenges, there is an urgent need to improve the efficiency of water consumption and chain use of water
resources with suitable options. In this regard, due to the significant volume of urban effluent its reuse in
green space irrigation is important for water resource management from an ecological and economic point of
view. Therefore, in this research, the effect of wastewater effluent from Parand city treatment plant (located
in the southwest of Tehran province) on the growth traits and concentration of nitrogen, phosphorus and
potassium (N, P and K) in three cover plants consisting of Frankenia (Frankenia thymifolia), Dichondra
(Dichondra repens) and blue fescue (Festuca glauca), respectively, was studied. The study was conducted as
a factorial experiment based on a completely randomized design with three replications. The wastewater at
four levels of zero (control), 50, 75, and 100% was mixed with the fresh water and used for irrigation. After
three months, some growth traits and the concentration of nutrients (N, P and K) in the plant were evaluated.
The results of plant analysis showed that the N concentrations in the Frankenia and Dichondra plants were in
the optimal range (2.5-3.5%). However, the N concentrations in the shoot and root of blue fescue were less
than the optimal amount. The P concentrations in all cover plants were in the optimal range (0.2-0.4%). The
K concentrations in the Frankenia and Dichondra plants were in the optimal level (1.5-5%), but for the blue
fescue plant, it was less than the optimum, indicating its deficiency. Evaluation of the growth traits showed
that Frankenia plant had the best growth in irrigation with complete effluent and might be the most suitable
species for irrigation with effluent.

Keywords: Nitrogen, Phosphorus, Potassium, Green space, Nutrients.

Background and Objective: Today, treated sewage wastewater effluent is recognized as a new and
permanent water resource by experts to compensate for underground water resources directly and indirectly,
and treatment basically becomes meaningful when the wastewater is reused. The methods of using
wastewater are extensive, including nutrition, agricultural irrigation, industries, fish farming, and green
spaces. Several researches have shown that the use of effluents for irrigation have had a significant effect on
some characteristics of soil and plant. Soleimani et al. (2023) evaluated the ecological risk and the
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accumulation of heavy metals in agricultural soils irrigated with treated sewage effluent, river water and well
water along with chemical fertilizers. Their results indicated that the low concentration of heavy metals and
the presence of nutrients in the treated sewage effluent make it the most suitable water resource for irrigation
because it eliminates the need of farmers for chemical fertilizers and lowers the input of heavy metals to soil.
In this research, the effect of municipal wastewater effluent on the growth traits and nutrients concentration
of three cover plants was studied.

Methods: The study was conducted as a factorial experiment based on a completely randomized design with
three replications. Wastewater effluent from Parand city treatment plant (located in the southwest of Tehran
province) at four levels of zero (control), 50, 75, and 100% was mixed with the fresh water and used for
irrigation of three cover plants consisting of Frankenia (Frankenia thymifolia), Dichondra (Dichondra
repens) and blue fescue (Festuca glauca). After three months, some growth traits and the concentration of
nitrogen, phosphorus and potassium (N, P and K) in the plant were measured by Kjeldahl, Olsen and
ammonium acetate extraction (flame photometry) methods, respectively.

Results: The analysis of variance showed that the N, P and K concentrations in the shoot of cover plants
were significantly affected by the interaction of plant type and irrigation treatment at p < 0.05. The N
concentrations in the shoot of Frankenia and Dichondra plants were in the optimal range (2.5-3.5%), but it
was less than the optimum in the blue fescue indicating its deficiency. The P concentrations in the shoot of
all cover plants were in the optimal range (0.2-0.4%). The K concentrations in the shoot of Frankenia and
Dichondra plants were in the optimal range (1.5-5%), but for the blue fescue plant, it was less than the
optimum, indicating K deficiency in this plant. Also, the results of the growth traits of cover plants showed
that Frankenia plant had the best growth in irrigation with complete effluent and might be the most suitable
species for irrigation with effluent.

Conclusions: The finding of this study showed that irrigation with complete effluent resulted in different
changes of the growth traits of cover plants. The Frankenia is considered the best plant in irrigation with
complete effluent, because it has performed well in all the measured growth traits. The blue fescue plant was
not significantly different from the control treatment in irrigation with complete effluent, and the Dichondra
plant also performed poorly in irrigation with complete effluent due to the reduction of some growth traits.
Therefore, Dichondra plant is not recommended for planting in green spaces irrigated with complete effluent.
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Fig. 1. The location of Parand city sewage treatment plant
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Table 1. Description of experimental treatments and their abbreviations
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Table 2. Results related to chemical composition of effluent wastewater
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Table 3. Results of soil chemical analysis and texture in the initial conditions

Sk gls S5
. JLL")’I Lo Soil properties
Result Method of testing R K ;;5&}
Unit Symbol Property
8.3 Electrometric - pH (Reaction) Sl
S oLl
2870 Platinum Electrode uS/cm EC G
(Electrical conductivity)
de B Al
15.1 Olsen mg/L P o
(Available phosphorus)
s arnslts
35 Direct Air-Acetylene Flame Atomic Emission Spectrometric mg/L K* J ==
(Soluble potassium)
IS 5% s
<0.1 Macro Kjeldahl N% TKN Jbns O
(Total Kjeldahl nitrogen)
1.
0.25 Titrimetric C% oC S s
(Organic carbon)
P9 2l
10.6 Titrimetric % CCE Pl ol 2l 5
(Calcium carbonate equivalent)
180 EDTA Titrimetric mg/L Ca?* % -
(Soluble calcium)
48 EDTA Titrimetric mg/L Mg Jome 5
(Soluble magnesium)
2| oH
244 Titrimetric mg/L HCOs ettt
(Bicarbonate)
=Ly
60 Titrimetric mg/L COs> ks
(Carbonate)
FEpY Sk il
11.7 Hydrometry % Clay o
21.5 Hydrometry % Silt S
66.8 Hydrometry % Sand B
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Table 4. Analysis of variance (mean squares) for the effect of experimental treatments on the shoot traits of cover plants

S ool Dlsls S 03 ol b 03y Wl plis) 35l a3 JRELpE
Leaf number Stem dry weight Stem fresh weight ~ Stem height  Degree of freedom Source of variation
# # °L.1S/ C)”
612.111 77.279 46.221 18 229.356 2
Plant
Ll les
29.954 ™ 1.861 ™ 19.379 ™ 3.955 3 SO e
Irrigation treatment
145370 * 3.115* 95.282 * 8.782 6 Golel Sl xolS g
Plant x Irrigation treatment
Lo
17.00 0.905 15.574 0.833 24
Error
. Lo 5] SOUPL Y-
12.07 19.36 17.92 4.59 (o0®) St i 5

Coefficient of variation (%)

s

Loy 0 dL«:;-chaMJJ)lJJLM})lJJNxb%JJA{%}"

"and " : non-significant and significant at p < 0.05, respectively

s sy Sl bl Sl 5 olS g S 3 S0be aslie 0 Jgar

Table 5. Mean comparison of the interaction effect of plant type and irrigation treatment on the shoot growth traits

olsls Ko 035 osleli ol 05 S ol Sl sl ol les oS o5
Stem dry weight (g)  Stem fresh weight (g) Leafnumber Stem height (cm) Irrigation treatment Plant
4.73 be 19.70 ® 29.00 ° 19.25 4 0
5.84° 27.47 @ 32.00 20.25 ¢ 50 LSSl 3
o b b q (Frankenia,
4.19 20.11 31.67 20.50 75 FR)
5930 28.61 2 35.67° 24752 100
9.01% 27.54 2 22.67°¢ 2425 @ 0
625" 20.01° 30.00 ® 22.851 50 & B
6.62 b 18.18 b 30.00 P 22.50 ¢ 75 (Festuca,
FE)
7.38°" 22.44 30.67° 23.65 @ 100
2,904 24.65 52.67% 14.75 ¢ 0
2214 19.47 b 47.00 2 15.50 ¢ 50 PR
2.60 4 23.70 @ 34.67° 15.50 ¢ 75 (D‘cgg‘dra’
1.32¢ 12.38°¢ 34.00® 14.00 © 100

I Sl e ol M):OJL&;?‘CLNJ) HKls Qj.aﬂwb\ﬂéjziﬂ G S Pl bl slael g S s

In each column, numbers with at least one letter in common are not significantly different according to Duncan's test (p < 0.05).
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Table 6. Analysis of variance (mean square) for the effect of experimental treatments on the concentration of nutrients in shoot and
root of cover plants

r.:...ut{ P LE L
o eeely Al paed Al 00 Ll bl 2.3 D2 0 S e
Root Root Root " Stem sl - Source of variation
potassium phosphorus nitrogen Sterp phosphorus Stem nitrogen Degree of
potassium freedom
32312 °% 0.014 * 0.571% 42.326 * 0.025 * 5.939 * 2 oS &
Plant
0.170* 0.019 * 0.676 * 0.550 1 0.003 * 0.412* 3 ol et
Irrigation treatment
. , , okl sle x olS &
0.010 ™ 0.006 0.06 0.547 s 0.0001 0.026 6 Plant x Irrigation
treatment
Lo
0.033 0.001 0.014 0.412 0.0001 0.008 24
Error
i (Ao 3) O uis oy 0
11.79 12.70 6.57 25.10 5.05 3.67 Coefficient of variation
()

s

A3 0 Jlazt mlans 55 Jlssme 5 s e b S ST S0
" and " : non-significant and significant at p < 0.05, respectively
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Fig. 3. Mean comparison of the interaction effect of plant type and irrigation treatment on the shoot nitrogen (N) concentration; Bars

with the same letter are not significantly different (Duncan, p < 0.05).

YA



O, Ken 5 518

il L

s sk

TP

e}

. &'l&ﬂb&ﬁﬁﬁaﬂ

B Frankinia DOFestuca BDichondra

e

R

T

cb

(Percent of effluent in the applied water)

0.00

Gl e ol wlie Gy > (glls (sag 2w fo)Lmﬁ-Li(P)Mg;JélbﬁéjLJ)Lq:;jolﬁf & DSan S Sls alia ¥ Jss

A s O Jlaxs| dﬁ-w 53 5Kl O gail bl

Fig. 4. Mean comparison of the interaction effect of plant type and irrigation treatment on the shoot phosphorus (P) concentration;

100

[+~

B Frankinia QFestuca BDichondra

b

SRR
& B aaR
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Fig. 5. Mean comparison of the interaction effect of plant type and irrigation treatment on the shoot potassium (K)) concentration;

Bars with the same letter are not significantly different (Duncan, p < 0.05).
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