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Article Info ABSTRACT
Avrticle type: Objective: Nowadays, a significant amount of municipal wastewater and industrial
Research Article effluents is produced in cities, making proper management of these water resources

essential. In recent years, due to water scarcity, the use of these waters in agriculture and
green spaces has increased. Although the application of municipal wastewater has
benefits such as supplying essential nutrients for plants and improving soil
physicochemical properties, it may also pose some health risks. Industrial effluents, which
are essentially water used in industrial processes, contain heavy metals as well as essential
plant nutrients.

Method: The present study aimed to investigate the effects of these waters on the
morphological and physiological traits of several plants cultivated in the green space of
the Chadormalu Industrial Complex, located in Ardakan County, Yazd Province, Iran.
The study was conducted in a completely randomized block design, examining the effects
of three treatments—municipal wastewater, industrial effluent, and a combination of
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Ke_ywords: both—on the morphological and physiological traits of six plant species, including olive,
Microelements, eucalyptus, pomegranate, Tehran pine, Egyptian silk tree, and bitter elaesagnus, with three
Unconventional waters, replications.

Water resources, Results: The results showed that municipal wastewater treatment led to a significant

increase in the height of pomegranate, olive, bitter elaeagnus, and Egyptian silk trees.
Notably, the tallest trees in all species (pomegranate, olive, bitter elaesagnus, eucalyptus,
pine, and Egyptian silk) were observed in the wastewater treatment, showing a significant
difference compared to other treatments. Additionally, the largest trunk diameter (25.47
cm) was recorded in olive trees treated with municipal wastewater, while the smallest
(24.63 cm) was found in trees treated with industrial effluent. The findings indicated that
industrial effluents, and particularly municipal wastewater, contain essential nutrients for
plants. Given the limited availability of micronutrients in the soil, these treatments
positively influenced plant growth. In pomegranate trees, the highest and lowest iron
concentrations were found in industrial effluent and municipal wastewater treatments,
respectively, with significant differences between them. The presence of trace iron in
industrial effluent increased its concentration in the aerial parts of the plants.
Conclusions: The study concluded that municipal wastewater and industrial effluent
treatments had the greatest impact on the morphological and physiological traits of the
studied plants, respectively. Morphological traits were more influenced by compounds
affecting growth characteristics, such as nitrogen-rich compounds in municipal
wastewater. In contrast, industrial effluents, containing heavy metals, had a more
pronounced effect on physiological traits rather than morphological ones.
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Introduction

Water scarcity is a critical challenge in arid and semi-arid regions like Ardakan County in Yazd
Province, Iran, where annual precipitation is low (around 60 mm). This limitation hinders
agricultural and green space development. Concurrently, urban and industrial growth generates
substantial volumes of municipal wastewater and industrial effluents. The sustainable
management and reuse of these non-conventional water resources present a viable strategy to
alleviate water stress, support green infrastructure, and reduce environmental pollution.
Municipal wastewater, while requiring careful management due to potential health risks, is a
valuable source of essential plant nutrients (e.g., nitrogen, phosphorus) and can improve soil
physicochemical properties. Industrial effluents, derived from process water, contain both
essential micronutrients and potentially harmful heavy metals. This study investigates the
comparative effects of these water sources on the morphological and physiological traits of
several tree species cultivated in the green space of the Chadormalu Industrial Complex's
pelletizing plant. The research aims to provide a practical model for using treated wastewater
in industrial landscaping under arid conditions.

2. Materials and Methods

Experimental Design: The study was conducted at the Chadormalu Industrial Complex
(pelletizing unit). A completely randomized block design with three replications was employed.
Irrigation Treatments: Three water sources were used as irrigation treatments:

Treated Municipal Wastewater (MWW)

Industrial Effluent (IE)

A 50:50 Mixture of MWW and IE (Mix)

Plant Species: Eight-year-old trees of six species were studied: Olive (Olea europaea),
Eucalyptus (Eucalyptus sp.), Pomegranate (Punica granatum), Tehran Pine (Pinus eldarica?),
Egyptian Silk Tree (Albizia julibrissin?), and Bitter Elaeagnus (Elaeagnus angustifolia).
Measured Parameters:

Morphological Traits: Tree height, trunk diameter at breast height (DBH), and canopy spread
(radius).

Physiological Traits: Concentration of micro-elements (Fe, Zn, Mn, Cu) and heavy metals (Cd,
Pb) in leaf tissues, measured via dry ashing and atomic absorption/emission spectroscopy.
Data Analysis: Data were analyzed using ANOVA in SAS software (v9.2), and means were
compared using Duncan's multiple range test at the 1% significance level.

3. Key Results

3.1. Morphological Traits

Tree Height: The MWW treatment resulted in a significant increase in height for all six plant
species compared to the IE and Mix treatments. The tallest trees for each species (e.g.,
Pomegranate: 197 cm; Olive: 267.33 cm; Eucalyptus: 947.33 cm) were consistently observed
under MWW irrigation.

Trunk Diameter (DBH): The effect of irrigation treatments on trunk diameter was significant.
The largest trunk diameter (25.47 cm) was recorded in Olive trees irrigated with MWW, while
the smallest (24.63 cm) was in Olive trees irrigated with IE. For species like Pomegranate,
Bitter Elaeagnus, and Egyptian Silk Tree, no significant differences in DBH were found among
the three treatments.

3.2. Physiological Traits (Elemental Concentration in Leaves)

Essential Micronutrients (Fe, Zn, Mn, Cu): Across all plant species, the IE treatment
consistently led to the highest concentrations of iron (Fe), zinc (Zn), manganese (Mn), and
copper (Cu) in the leaf tissues, showing significant differences compared to the MWW
treatment. The Mix treatment generally resulted in intermediate concentrations. For example,
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in Pomegranate, Fe concentration was highest with IE (48.15 mg/kg) and lowest with MWW
(41.67 mg/kQ).

Heavy Metals (Cd, Pb): Similarly, concentrations of the non-essential, potentially toxic
elements cadmium (Cd) and lead (Pb) were significantly highest in plants irrigated with IE. For
instance, Cd levels in Olive were 0.20 mg/kg (IE) vs. 0.14 mg/kg (MWW). It is crucial to note
that the reported concentrations for all elements, including heavy metals, were stated to be
below critical phytotoxic levels for the plants in this study.

4. Discussion and Conclusions

The findings demonstrate a clear differential impact of the two wastewater types:

Municipal Wastewater (MWW) is Superior for Morphological Growth: The most significant
positive impact on morphological traits (height, canopy spread) was observed with MWW
irrigation. This is attributed to its rich content of macronutrients (notably nitrogen) and essential
micronutrients, which act as a liquid fertilizer, enhancing vegetative growth, particularly in the
nutrient-deficient soils of the region.

Industrial Effluent (IE) Primarily Influences Physiological Composition: The most pronounced
effect on physiological traits (elemental uptake and concentration) was seen with IE irrigation.
This effluent served as a significant source of micronutrients (Fe, Zn, Mn, Cu) and heavy metals
(Cd, Pb), leading to their increased accumulation in plant tissues. While the absorbed levels of
heavy metals were within safe limits in this case, this highlights the critical need for continuous
monitoring of effluent quality to prevent long-term soil and plant toxicity.

Practical Implications and Recommendations:

For Enhanced Growth: Treated municipal wastewater is recommended as an excellent irrigation
source for establishing and maintaining green spaces in arid industrial areas, promoting better
plant growth and canopy development.

For Nutrient Supply: Industrial effluent can supplement micronutrients, but its use requires
stringent quality control.

Integrated Approach: A blended strategy (like the Mix treatment) might balance growth
promotion with controlled nutrient supply, though its effects were generally intermediate.
Species-Specific Responses: The varied response among species (e.g., in trunk diameter)
suggests that selecting appropriate plant species is vital for successful wastewater-irrigated
landscaping.

Conclusion:

This study confirms that both treated municipal wastewater and industrial effluent can be
utilized as alternative water resources for irrigating green spaces in water-scarce industrial
zones. MWW is particularly effective for promoting plant growth and biomass, while IE
significantly alters the plant's mineral composition. The key to sustainable application lies in
rigorous pretreatment, continuous monitoring of water quality (especially for heavy metals in
IE), and informed species selection to ensure environmental safety and optimal greening
outcomes.

Black zira (Bunium persicum (Boiss.) Fedtsch.) is a perennial, self-pollinated, herbaceous plant
belonging to the Apiaceae family. Wild populations of black zira are scattered across the
western and northwestern highlands of Iran, as well as southeastern regions including Kerman,
Sistan and Baluchestan, and parts of Khorasan.

Black zira exhibits relatively slow initial growth and establishment. During the first year, only
cotyledonary leaves and small tubers (up to 4 mm in diameter) are formed below the soil
surface. Due to summer environmental conditions such as high temperature and drought, the
tubers enter dormancy. In general, establishment and seed production in black zira require three
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to four cropping years. This prolonged growth period has reduced farmers’ willingness to
cultivate this valuable medicinal plant.

Nutrient solutions (solid or liquid fertilizers) are widely used to optimize plant nutrition under
different cultivation systems. In addition to nutrition, tuber weight (tuber age) is considered an
effective factor influencing the yield of black zira. Since tubers function as storage organs for
photosynthetic assimilates, cultivation of this plant is commonly performed using tubers. It
appears that tuber size can significantly affect emergence, vegetative growth, and yield of black
zira.

Currently, natural habitats are the sole sources of Iranian black zira production. However, due
to excessive and unregulated harvesting, this species is facing the risk of extinction. In Iran,
black zira is mostly cultivated on a small scale and in limited areas, and domestication of this
valuable medicinal plant has not yet been achieved. Only a few countries worldwide have
introduced cultivated varieties of black zira.

The aim of this study was to identify the responses of Iranian black zira to different fertilizer
concentrations and to evaluate the effects of tuber weight and age on its growth characteristics.
The results of this research may contribute to accelerating growth, improving cultivation
practices, and facilitating the domestication of this economically important plant.
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Table 1. Example of urban wastewater treatment analysis of Chadormello complex

Oluy 29,5 a>lg solyly
Yol8 C ged slos
B - PH
YAA- uS/cm EC

N mg/l TDS
y mg/l TSS
avf mg/l s
NS NTU O yga8
VV/A mg/L Oz cob
N mg/l Oz BOD
.8 mg/l -N Skigal

L IBY mg/l -N el
vs. mg/l CaCos J 5
\YY mg/l CaCos PV Lp-E59
VAA mg/l CaCos e (S
$AIA mg/l S
YOIAY mg/I e
mg/l CaCos RN RGN

Y. mg/l CaCos J5 cnls
Y. mg/l CaCos by S o cwnlds
[+ oY mg/l -N o
Vel mg/l -N ol
VA Pt-Co 5,
AYIAP mg/l Sos Slilge
YA mg/l -p 5 it
VWY mg/l Po4 olins
. mg/l S% iy

- MPN/100ml prAdS

g.azd 50 oolaiwl 0y90 S g (5 0 ML yo Lolie cdalé =Y Jgo
Table 2 — Element concentrations in urban wastewater and soil used in the research

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/NBR.12.3.2 ]

>l Sk Sl et DAL il
mg.Kg? YN mg.L? \A Fe
mg.Kg* Y\ mg.L? -YY  Zn
mg.Kg* Y mg.L? <-/*\  Mn
mg.Kg? /6 mg.L? <e/-) Cu
mg.Kg! <-/-\ mg.L? <e/) cd

mg.Kgt Ny

mg.L?

\lig Pb



http://dx.doi.org/10.22034/NBR.12.3.2
https://c4i2016.khu.ac.ir/nbr/article-1-3689-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/NBR.12.3.2 ]

VFeF Y O)L&.A’Z} aY 09 5@-«&)10}-&)9‘}4,;‘5&“0 A

sho ol gaizme (Sixio Sl 4paai LT digei ¥ Jgor
Table 3. Sample analysis of Chadormello industrial wastewater treatment
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Table 4- Variance analysis of the effect of different treatments on height
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Table 5. Comparison of the average effect of different treatments on height
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Table 6. Variance analysis of the effect of different treatments on trunk diameter
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Table 7. Comparison of the average effect of different treatments on trunk diameter
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Table A- Variance analysis of the effect of different treatments on iron element
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Table a- Comparison of the average effect of different treatments on the amount of iron
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Table 10. Variance analysis of the effect of different treatments on the amount of zinc element
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Table 11- Comparison of the average effect of different treatments on the amount of zinc
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Table \v Comparison of the average effect of different treatments on the amount of manganese
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Table 14- Variance analysis of the effect of different treatments on the amount of copper element
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" There is no significant difference. “Significant at the 1% probability level

Table 15. Comparison of the average effect of different treatments on the amount of copper
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Table 16. Variance analysis of the effect of different treatments on the amount of cadmium
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Table \v- Comparison of the average effect of different treatments on the amount of cadmium
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Table 1A Analysis of variance of the effect of different treatments on the amount of lead

Sla e ggoze
e e Sl b o A CDf s gl
&y ol ax s
VRS AN 0 & S SRS G . VAN Y4 SR \ o, Los
-.Y) -.a8 -.YY - -F VaY 5 o
0.0 A.OY Yrse ‘AN v.eq VY A c.v
1Y Jleizl maw jo jls oot

"™ There is no significant difference. *Significant at the 1% probability level
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“Different letters indicate significant differences at the one percent level.

25998 90 wlao
@ by e ol ( blie ;5 .(0<0.05) 54 o xe Solel Sl 5l glas ) g Wogs 0,95 1 (6 ydn ekl sl s kol sla s
allaslys cas ol C;)“)o’;""’ ).u‘b alise ‘_g)Lyj Hlesd 4w aS 0y UT 3 S LUl sy as yhad sla g 8ol
b oo (g,lol LUl LS50 (59, » a5 (WYAY) ol s Gudss slasl b el el bld 5l mls ol (p<0.01)
091 Olstranl axlllas 95 pl gl il [had Chs 990 0 Ll clls cillas g 0als ploxil yliaw adlaie 1o (5,05 BB
o ogige Ul Gl s 4 B I8l Corge (5 OB L (g Lol 45 g eads et pall S lagh 0 &S Iz
pBl jo sl pizmen g axdllae (pl jo colaiwl 050 (Lo Sl 10 09290 OLLS 5 j0 Ol 5l LU el (e OS]
Sosire Gali¥l crge (650 OB L (g lal 4 ol LS gty cnl gl Geizres bl Bt 99 50 (w2 990 U
ol 09 dgpdie Sels ol sl sles plo b anslie o ogles (pl a5 ol ool JUl sy iubgy U oS (p<0.05)
xS 0 9 S (ol bayl i 0gup a4 yomie 45 Sl (g0l OMSE Jo gl y8 (sdie lge 3ezg o @S!Lobl YRY
aS )kl jo oodastal OB ;I soliiwl aie) o oo ploul laass 51 (g ks b a8l (pl 00,5 oo LS g o)


http://dx.doi.org/10.22034/NBR.12.3.2
https://c4i2016.khu.ac.ir/nbr/article-1-3689-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/NBR.12.3.2 ]

VFeF Y O)L&.A’Z} aY 09 5@-«&)10}-&)9‘}4,;‘5&“0 Y'

318 Slgtren it (LS w0l cuie 3b saimaplas

Sloiasle o o sae Lol 4 e (60 oodbaial OBl L g LS 0 o)lol (s ol slaadl Lulul
Ml b (5,lol et Ol 31 0550 40 (VYY) ol Sen 5 Al-Lahham sl 155 L zuls ol o Gl )0 as lad 4 elis |
o ) aS ols las hee s cpl jo solaiul 8 50 (6 et OMSE plonds LT s ol Sloden ey LS 0 0l
Lol (595 5 2D 95500 yolis 5 (0,555 5 e sl Hand (35509) 9,5 lo polis 5l (azgi BB polie gsl> ]
OLLS w354 53 (alies ;5L ONSB cul sl ool adlaie G ST ;0 9S00 jolic 4y (o iwd Cudgazme & az g
Mols (Hussain et al., 2022) col gdne yolic e Lo @ (6 oMol b (o ,Lol gLl wuge laasl ol .cusls
S5 2590 sdie dlga i (sl suiady)l e Slyie 4 el lie (92450 ) e B p opdle adachal s
Solosire Giali8l (6 d OB b sads Lol g ol o calllas cpl yo (Silva, 2023) 54i o Cgue ylalS
Cato Sl cpl ol Cllas (VYAR) ()Ses 5 ST o gl L a5 wisls las idgs 2 (3,8 ,o(p<0.01)
Sridolo Sgstp ot oS Sl (508 S oS 5 50 waniliy 5 gy yhed 4255 BB polie 52 | 2L ez
el 35 e ol el 05, (sl oshlne Lyl 5 425l (Ko |y ol g polis (ol gy i 1S S
3L les Gul o gt GBS0 50 sud; Gl atll S5 eaiS 4z sl Wls e

Sy G S b oools a5 Jlo pime &5 & g JST elis ) Galidl el (6505 00l achal AL L (5
Ol ol ) 52 (s L b i dST 51550 (g Lol wo 5 lgie a8 wdls cillan ogindST (555 2 O 1Son 5
oS w, p polic opl (DB 4o 5,500 5 5,5k yolic 3925 Js & (Minhas et al., 2015) colails ¢ pKoie 56
1y 2138 dlgn 5 ol Wigo 5 Sl BBl Araags (gl s SIS ogiedlS] AS) & az i b g a5yl eunls b
39 Jansgs (a2 3550 HlalS o gy £l | o Lo g a5 .cobls g (i ab) A 50 5 S i Sl
coils addllas 3,50 sloatsy gl 5 ialidllo e il (5,0 o aphal BB L g,lal aas e ol (Y+1Y)
o b w81 o0 b S0, 5 s o5 dw pa a5 o5 asine yol> i) b (Delnavaz, 2017)
dalio ;5 ot e 50 5935 Gl Coge (b OMBB L i o o Lol 45 b ools (i Ldmgh 5o .0, ks
(Salem et al., 2023) cuslos cislhe Siogh opl 5l Jols 4z b aS culoass of sl plo b oads jlows slo aigai b
o b aS o pire Ojgo a4 g5 Gl 50 0 glas,) aulidl 4 e 0 OB L g Lol a5 ol ylid ols b
oo gl )l Gialidl as” wols (lis ) es o (2dlo wils 3Ll 25 (59, o), 5 (2dlo (iogh loael Caws 4
ol (Joore OT L oads g )lal (Lm0 5l iy e ML L oals 5 Lol (LS Jled jo gld S job 4 S
Cel 00gr oyl s 5l oy (o Gl boad )Ll g5 (b yo a Jlad (ldl a8 ol (LS (ragly (nl eizpen
0oV Judo (g SASB L 2l (1550 5kl win )8 (ol LT 15 w09 illas e 5 525085 el 5 (o @l L oS
Serbula et al., ) 545 o0 o,los plo b aslio ;o olS ol ais k8 olidl Corge O [0 0990 3 olic clale
0oty cnl adgs 5l Jols aliad Slge 5 (simio olay bl g5 50 Sols Cde @ gl g GLSs pas Ylxs! (2013
LaS o)ls 5ol e 2l (aalsdl baloss plo b aglin 1o (6,48 oo aphas LS L oud Lo slagls il sieio
Slge (05 rywd )3 35, (oo oS il Cllas (Bohod ul alie Lulpd )0 25 (5, Oen 5 (o G mls
25 ol sl sed walh w5 St il 5 0,5 on )3 ol LS 8 5, BB L sl Guyb 5l S sk
(Rahmani et al., 2023) 545 oo 5 00 yiwS oL jilig

oyl glis )| jlo cine ialdl 4y e (550 oL b anlllas 8,90 (lalS (5 Lol a5 el (] 5l S ol Gaios slaasily
Gdie Ol 5 0925 4 bgrye ady dgue 0ol (ol paeilSle sy o0 Sl 4 el oad (g Lol slajles plo b anlia o
2 St Sl czrge (i polie Qi g g i) el drwg S5 @y 5l aS aBl 60 SIS s
oS a4 e Bl olS (Sdplie (sla 2Ty wats 5 pedas b s3ie Slye ol el 00 oL (55l 5
OMSB L ooy (65,ko] ladiges jo g zU o alS (sladis? 5l (5 laws 10 45 das so Hlis g Slalllas jg,0 .05 o


http://dx.doi.org/10.22034/NBR.12.3.2
https://c4i2016.khu.ac.ir/nbr/article-1-3689-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/NBR.12.3.2 ]

\A 015500 5 o] | (slo sl irboiluns g (s S b 5y L] 71 oy p0

2 rl ghy 3l ol @l b amdly cal el oog ol lie plo b osd (5)lal QLS 5l 00,28 (g BB j5boa
ool aisS 8 )50 10 w0 )l S pgmead (5 pan mio pl 5 5 Gl aouiw (o j Ll ales 5l alide sladieS (5,
Ol 38l o ge (6 s oabdbal OMSB L Lg)L..)T a5 Col u] Slo feioren oRReR ool dlglds sl ouis sumlive oI -yl
S5 g0 ‘So.l.c @L».A wr ] 00 & s p.ma).)‘ 9 C.l; e ow 6[.&44; B CL' g)“")""“fﬂ 8[.9.))‘ ua.’>L..u 99y 4O )low
onl a8 sl oo plol ol alS 4565 95 cpl p oy DB L s,Lo] o weyar ;o Glasdllhe ST as ols lis
Dl o Cael Sl g9l a5l ol slaaidl gaoge

(pobie 65 05l (2 3glg2 b Wlho

Rl

D ol lake o sae il Comge o Clus b e ST s 0 Lol a5 al Lasuine pol> g mls ulal
oz 5l eSis polie Hlo gme Gl crge olay b )bl 9is S (515 45 (VYA0) sl 5 (55ldd gl L azdly
o5 yolie ggl> Olag (pl a8 ols lis soliiwl 8,50 o lay 5JUT 0 Slgsean wod o olS Slsn plail jo oyal
Ol Cge cao Oluy 5l eolatul dalllas 5,50 S 50 paie pl ool (35 ol 4 az g5 b 5 00g o] aiile U8 s
Pl b 6l 45 ol s ol 4525 ol 005 lym ol o T CABle a3l amis 15 5 oL sl (o8] (sanl
(Zare mirakabad et al., 2017) |, 5o 4 &,15 slaaidl b a5 ol oy 50 ool Jlade jlo xe Gialidl Coge Jaio
L solal les 5o oal Jlade (g pan miupl 5 25 Gbiomin Jold cwyp 0,50 LS plo 1o uzes il Cisllas
(Y98 sxio ddlaine) Bubod Sl Comdge 4 az gl bl (pl 0 ;K50 Jled 90 5l lies (sl s job 4 S Gl
Pzl 5 Jedg IS ol J1alS carge (] 95008 5 sl GlaliS 0y (6l 55950 polis 5 (S (ol az S1.0g: Ul LB
Ee S ol Wl e ol 3 e polie Koo paie (ul Sgzg a5 CBld axgi Wl Lol st oo (piug, ) o
ol 5l eslatul sl o laibinl o jo yolie pl cdale a5 Sloj (Jl cpl b ogd 48,5 a5 o ase sy Syl 05l
&S s LS glp ke Jaloe 055 S laie 4 wilgh oo ol

()

(YYY) plolin; 5 Jlog sleadl L as o o9 olS ,0 (g, cale Jlo sme (iol38l Coge o Sluy b )Ll
Ol o Olas b oads g Lol Lo JST iz oy croen . (Vasali and Zahtabian, 2022)s ls Jlgseen
Slaw a5 ol G151 (Sl b gm0l plis cisllae (1YA0) o) Kee g (s9lad mli b aS 50,5 ovalie (59, slye
Oleie 4 Jgl oSy canl 1Sen Cluy jo polic (pl jga> ax ST .00k 0 g9, oz 1 Brae o5 polic gol> Jmio
aS il axgr Wb Jb opl b soles Ll 1) Jolomo 055 25 wilgs co oo J,yuS slacdale 1o Lol g Al oan¥T Jale
@ 63y -2l Al ol per 4y gllasl Gl ST Ailgs o jloe a5l i o] gez g o0l Cgazme S5 polie aes 5l g9,
SIS i paze nl o)l (Soilnsed sloanl n s BB OLSb GlalS 0 slp 6y9,0 pelie 5l S s
2gn $9) omized (VY5 00>l) 838 o 3l oSy (slaiss; Culam g J39 S (lime 2 g 0 oo i) Jimugid 5o
5 hee 51 Talgs 45 39,5 o S S 5 yoe Jsb (il el 3o (ol 51 5 0 WSy 5 il (ool 5
3,08 e 3l oS IS

sloaisl b as o 58 clale jlo sme Giolidl 4 e o Oy LUl s o gLl a5 ol i Liegh s
9> 5l 5wl baiges oled 10 0ol (5,503l 5K cdale a5 ] Cosal Sl S5 09 gurer (VYAA) ) 1Sen g (owine
Skl i ST L 50 5550 0 .l o andllas 50 o Glay 10 paie (pl @S e sazaslis aS oy o
casllae (Devkotaetal., 2019) )l ISae o g8 g0 Slidos zuli b aS 5o )8 5Kn jlo sme il crge Saio Clao b

3050 ol S oo Wl gilodeds S T 0 GolS i «sy900 Lol BpaneS polie 5l (S olsie 4 S il


http://dx.doi.org/10.22034/NBR.12.3.2
https://c4i2016.khu.ac.ir/nbr/article-1-3689-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/NBR.12.3.2 ]

VFeF Y O)L&.A’Z} aY 09 5@-«&)10}-&)9‘}4,;‘5&“0 **

Solel Judows 5 a5 .0l 6kl Glolews (oled jo g ST L )0 26 Cgllas o) sdalice lp emg5 Wlgs o
350,500 Hlad 90 5l yiion gyl gime Heb A gio Ol Jles jo 1K cdale aS oy i ZIS LS 0 9590 50 ooy
ey 090 BLS sladisS Ll jo ax 31 .culs Jlgea (Al-Hugqail et al., 2023) LiSsll slajs)55 L as
dir 3 oS 235 B LS sl e a5l (8390 b o Lol b eanlie iaio Oy e 5 55 S
Slodisi 55 (53 5 250 SWELIE G cate (Simrad 95 ol B 455 o (i3 St o anacan
ol Ailgie iSS jalon o lailinl s 51 aST Shee 0 paie g0 opl Jolee jeax a4 weo oo ol Sladon g LS
o )5 o ) o ool CuinS 3535 Cupde Coeel il ul ol ails GlalS o Slas dgu 50 ST
it ST Gy 3l G 55,5188

oo

o jlos plos 4y G (o 2l o o iuli8l 4y poeie ciaio Ol b Ul LS o Lg)L:.gT aS ols ylid reghs oyl s
30 e g bl Jele go 5l LU wilgs o Jal38l nlogls Slstran (WYAD) ) Ken g of Jans gloassl L aS” ol
Ay Lanng i 4yl e olyis 4 o5 S fy S5 5 il (2 e g o0l 390 (inio Olay S
A (2LS Gl 1 e o gime Gl e aio Clay b )bl G g OS50 3590 50 aiS e Jes plalS
5o olS oUlg eamailis gasge ol bl we Show ax 3l 50l g eled j0 ool (g Sojlul clale ax S
A Jolds aslllas 5,50 2LS slaaiss ple (o bosls Jdow g 3o .aldl 0 095 slaplail jo paie cpl (g5luo 5
Joss 55 5 it 5 fosine sl ginio Dy Jlass 55 s SALE a5 515 (LS 3 (5 e bl 5 215 sl
o o 1 45 5 n Ul oS e ;5 (300n (sl S o570 e yolis 1 (S lyie & s 332 S0
2 50 g anT3 e BB (g kS e 5o oS lie (soldS sle il ool js oS s asle 63l 4 g
(TAY) Slas, o pobiles 55 oLl lasome (sla i ol 53 ol Cnglin il 5 et s 5 il anige,S i
Wlgis O 09 i b 99005 5 0092 (55970 (LS Collae 0 Sles sl yaie (nl Jolite laie 929 ienl 05,5 o)A
F IS o Glaley ;5 SBpae o5 jolie clile @80 O la Coeal b aidly Gl wled sl Sujsls 508 YL
Aes o olid g5kal o solaul

POVl

Loas” cadly Jlogme SWS (p pl b 4 ol osaline Jaio Clay b jled 10 (g5 olS ;0 0uedlS pate lie o yiien
3550 S 698 wzge SYsb (lej 40 a5 Olay (509 Heh ol SlsPee 1T Jlo o b Slerte Srosi slaaidly
Sl 0055 5 Ldz olS awgy Loled a5 ouds puedlS b 09250 i JolS i ge S adsl (6,08 pizmen g

Soles Koo slayles b aS ol sdslice cirio Olao b ool (5 )Ll ogtadlST 50 uedlS Jlade (iul38l pol> ragh jo
o olas b jles o) guedlS ol ol il .l Gllae (VFA0) o) Ken 5 (golad ol b g cudls (g ls (xo
Sl3L8 5l peslS aSyl 4y Az g3 b Lol 0gy eSSl oo 0o 51 i o Ol polie ax ST eiils of yon A oy Oy50 LS 5o
J3as s, yo ol Sdgyud Colas g ol GalS Cow a5 058 0 LS jo gullalST i 4y e o Cll S
g 53 s slas T 0325 4 el sloallad 15 ST 5 5 53 IS Jibo IS oln 2815 (li palic | i
(Millaleo et al., 2024; Kovacs et al.,2016) s coi arogs oL slp 55 o5 Jlows polie ;0 00,5 o

S

LS Aozl 5 s Sl o ine il 4 i iaio ey b U 50 sl o5 sl ol gl ol el
clale Ll wl ololls alS slodisged ;0 0w az 510500 JSladen (YWAD) )|, Sen g (g9lid goli b aidly ] 090 oo
Golel ol o o cdalé o puitins bLI ) pae oaiojlis Conl (\Son £9090 () 285 5118 ool el jloee w31
Gl zge (Sio Olay b kal 45wl onaline 5 5y LS50 9550 5008k LS bawg ] @i Glie L S
5 430 (Ashrafi et al., 2013) s s cillas o)), Ke 5 (8,50 guli b aS 05d co b)las plos 4y Cand s ,I0 ixo


http://dx.doi.org/10.22034/NBR.12.3.2
https://c4i2016.khu.ac.ir/nbr/article-1-3689-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/NBR.12.3.2 ]

Ty 015500 5 o] | (slo sl irboiluns g (s S b 5y L] 71 oy p0

3 i s loigine jebody (imio Olay jless j0 oy clile oS ol (lis 55 25 iS50 4 g e slacsls (sl Julow
Slp s 5 So9ro e polie 51 (S Olpie 4 0 pn ABhios guen (T01F) (e la )15 b oS Coul 00 les g0
S W oo 45 35 Cupons 9> 5| e ladiged galed )5 o p CalE (aghy cnl jo aliSdes sl e aiBlil GlalS
Cns lile 5 alate S 50 0 (o) a5 i (] S5 Slgione 5 S 2l) SL oloardsSo b sleaSs )
a5 ol S o (o5 polie alex 5l a5 clils 4z Wb Jb cpl basl solitul 890 (gaie Olay ;8 Gy b
2 ol Ol Wl o paie cpl a5 wias o lis Oldllas oyl 1) LS slacdl § S o (2o, aess bl
iz s I slmy) s anl s s P Sialsm ke 28 & Glsi e Slge ol dlex 3wl ansls LS
yodma il Sl asl opl (Heynen et al., 2016) o 5 oLl oS slags 3l codlad oo 5 5,900 2138 yolic
50 a5l aes o lid jew slad Lol jo cirio ol 5l eslatwl sladsl p jo 1) Gy aiile (puKinw jolie cdalé
ol Sasils S & a5 ps3) i al s enlo Ll il Siomly S 4l oy Sl Ll Lyl

Siless S92

RPLCIE

S soas 0 (6, S i job 4 iz olaws 5 ol glay o jlhaiul as o (Al as o Fud e s o Wl lis s
ol 435 Langie 00é )3 0dd S8 3 l50 dgnpy p Sz il 5 0gS Jleel > 5wl e bawgte glaoad I i
HlS @ Gt NPK 5657 5L gl cdale (o > olasd g aigy glas )l «lals o )l il oo o 55 sleoas jo aSIl> o
ol 5 i 1) b 5 555 5 Sgze sibhe Slya 5 e 42 3, 0l olsn (S sskar 0yl o (gixe el el
P g adyy 3y & bgpe slas Ol iledled eizmen 5 JdelS i wgiloinSan (ool Slap T weli
Joe 5 a2y (I3l e 4z 55 w3 ol al; p st 18E Coge (NPK 599) (slandss jles Jlael (Jdg 1S
S (5,10 me ek |y olew 05 oS 5 Shae (gl 5 0d; Dluogas 5 b o Slas (slizl 09 o Sl 4 5 g
pl ohag) saalyz sln 1) Slge 5l (5 iia > 5 O S FED)0 slaoad o GE RS rizman ol 15 3L

00,5 oo 3,Ska sl Gl 5 0 330 5 052 1505 2y 3 45 035 o

dlkloijm))am@@ ‘)“Mu*“brf))’ lroad sl eolaiwl fyiomon o S Cugdi g 055 B pao dondl 4o
Gl S soad il a5 cuils [l o Wb 1) assS ol acdl sl ails (6 Sge Lid i)l 9,00 oLS ol o Sles

&L ()l
85 gilie ol allie ol s el Lo
Sk
b bl 5 ) elSils _imgyy Cagles o Calas b pslo allie
il aabisbl Blagss B o oahs alie 5 (53,5l eaSiils (53, elSils byl 51 tmgss cul 51 Jlo Culas

el 00 ﬁl?u‘ ulfwy ).:Lw Lg‘)" LLmsj.: e g Jj‘ 0l g

Bgbise )Rl (ole 5 )3 la ks ST LB 4 p ime gl


http://dx.doi.org/10.22034/NBR.12.3.2
https://c4i2016.khu.ac.ir/nbr/article-1-3689-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/NBR.12.3.2 ]

VFoF o o5los Y 0,90 (iwnt j pale 4o (oi (sloaisly Yf

References

Aghabarati, A., Hosseini, S. M., Esmaili, A., Bahramifar, N., Maralian, H. 2008. 'Effects of application
municipal effluent on heavy metal (Cr and Ni) accumulation in Olea europaea L. trees and soil’, Iranian Journal
of Forest and Poplar Research, 16(2), pp. 313-304.

Ahmadpour, A.,Farhadi Bansouleh, B., Ghobadi, M. 2016. Effects of deficit irrigation on growth trend,
quantity and quality characteristics of maize in Kermanshah. Journal of water and soil resources protection, 6(3):
99-112.

Al-Huqail, A.A., Ali, E.F., Algarawi, A.A. 2023. Industrial wastewater irrigation increases manganese uptake
and oxidative stress in Pinus halepensis: Implications for phytoremediation potential. Ecotoxicology and
Environmental Safety, 262, 115192.

Alizadeh, M., Moghaddam, S.S., Rahimi, A. 2023. Industrial wastewater irrigation effects on nutrient and heavy
metal contents in pomegranate (Punica granatum L.) fruit and soil. Scientia Horticulturae, 321, 112289.
Al-Lahham, O., El Assi, N.M., Fayyad, M.K. 2023. Impact of treated wastewater irrigation on olive tree growth
and soil properties under arid conditions. Agricultural Water Management, 286, 108408.

Alves Filho, E.G., Alexandre e Silva, L.M., Ferreira, A.G. 2014. Advancements in waste water characterization
through NMR spectroscopy.

Amiri, M.J., Eslamian, S., Malekian, A. 2022. Sustainable green space development in arid urban areas using
treated wastewater: Case study of Yazd Province, Iran. Journal of Arid Land, 14(3), 287-301.

Ansari, M.F., D.R. Tipre, and S.R. Dave. 2015. Efficiency evaluation of commercial liquid bio-fertilizers for
growth of Cicer aeritinum (chick pea) input and field study. Journal of Agriculture Science and Technology. 4(1):
17-24.

Ashrafi, N., Nikbakht, A., Gheysari, M., Etemadi, N., fernandezescobar, R. 2013. 'Response of Olive Trees
to Application of Recycled Water with Subsurface and Surface Irrigation Systems', Journal of Water Research in
Agriculture, 27(3), pp. 329-336.

Bahri, A. 1999. Water Woes. e International Water Managementlinstitute (IWMI) in Accra, Ghana. 1:30-39.
Dashady, M., P. Pezeshkpour, A.A. Moezi, M. Shahverdi, and M.H. Koushki. 2005. Effect of different levels of
phosphorus and zinc on agronomic characteristics of two dried peas (Arman and LC483). Abstract Book of the
First National Bean Conference. P. 17.

Dehghani Firouzabadi, O., Zarei Mahmoudabadi, H., and Thrampoush, M, H. 2017. Study of the reuse of
industrial estate wastewater for agricultural and irrigation purposes (case study: Jahanabad Industrial Estate
Treatment Plant, Meybod). Tolooebehdasht.16(3): 46-55.

Delnavaz M. 2017. Application of Mathematical Models for Determination of Microorganisms Growth Rate
Kinetic Coefficients for Wastewater Treatment Plant Evaluation. jehe 4 (3) :268-257.

Devkota, k., Raj Neupane, K., Khatri, D.B. 2019. Water conflicts in urbanizing regions in the Himalaya: Case
studies from Dhulikhel and Bidur in Nepal. Journal of Social Science and Public Policy, 5(1): 1-25.

Dindarlou, A., Hedayat, M., Hosseini, A. 2016. 'Evaluation of Absorption of Cd, Zn, Pb, Ni, Fe, and Cu Present
in Hospital Wastewater by Phytoremediation Using Vetiver Grass', Journal of Water and Wastewater; Ab va
Fazilab (in persian ), 27(1), pp. 57-66.

Gamito, S., Gilabert, J., Marcos, C., and Pérez-Ruzafa, A. 2005. Effects of changing environmental conditions
on lagoon ecology, in Coastal Lagoons: Ecosystem Processes and Modeling for Sustainable Use and Development,
eds I. E. Goneng and J. P. Wolflin (Boca Ratén, FL: CRC Press), 193-229.

Ghaniyan, M. T., and Ahram Posh, M.H., and Kargar, M.H. 2012, Investigating the performance of Hazrat
Waliasr Bafaq Hospital's wastewater treatment plant and the possibility of reuse of wastewater for agriculture, 6th
National Conference on Environmental Health, Sari.

Ghazavi, r., Arest, M. 2016. Investigation the Effect of Irrigation With Municipal Waste Water on Accumulation
of Some Pollutants And Chemicals Elements in Plant And Its Effect on their Ecological Characteristics (A Case
Study: Eucalyptus Globulus). Journal of Plant Ecosystem Conservation, 4 (8) :13-29.

Heynen, N. 2016. Urban political ecology. International Encyclopedia of Geography: People, the Earth,
Environment and Technology, pp.1-9..

Hussain, M.1., Muscolo, A., & Farooq, M. 2022. Urban wastewater as a sustainable alternative nutrient source

for agricultural production: Evidence from arid regions. Science of The Total Environment, 803, 150011.


http://dx.doi.org/10.22034/NBR.12.3.2
https://c4i2016.khu.ac.ir/nbr/article-1-3689-en.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/NBR.12.3.2 ]

) 015500 5 o] | (slo sl irboiluns g (s S b 5y L] 71 oy p0

Khairuddin, H. 2013. the effect of irrigation with wastewater on the soil and growth of pomegranate trees in the
desert areas of Semnan, the second national desert conference with the management approach of dry and desert
areas, Semnan.

Khoshrosh, M., Erfanian, F., and Pourgholam Amiji, M. YY), The effect of irrigation with treated magnetic
wastewater on yield and yield components of corn. Water Management in Agriculture, A(Y), YYA-VYe,

Khosravi, M., Dehghani, M., Mokhtari, M.H. 2020. Groundwater depletion and agricultural adaptation
strategies in Ardakan-Yazd. Journal of Arid Environments, 180, 104203.

Millaleo, R., Reyes-Diaz, M., Alberdi, M. 2023. Manganese toxicity: Molecular, physiological and metabolic
insights in plant adaptation and phytoremediation strategies. Plant Physiology and Biochemistry, 194, 1-15.
Minhas, P. S., Yadav, R. K., Lal, K., and Chaturvedi, R. K. 2015. Effect of long-term irrigation with wastewater
on growth, biomass production and water use by Eucalyptus (Eucalyptus tereticornis Sm.) planted at variable
stocking density. Agricultural Water Management, 152, 151-160.

Montiel, M.L., Tyagi, R.D., Valero, G.R., Surampalli, R.Y. 2003. Production of biopesticides using wastewater
sludge as a raw material - Effect of process parameters. Water Science & Technology 48(8):239-46.

Motamedi, M., Behbahaninia, A., Farsad, F. (2019). A comparative approach to investigate heavy metals
pollution in water and sediment of rivers (case study: Shahrud river)', Environmental Sciences, 17(1): 155-174.
Rahimi, G., Omaraee, L., Kimyaee talab, A. 2014. The Effect of Applied Wastewater on Soil Chemical
Characteristics and Productivity of Radish (Raphanus Sativus) Plant. Plant Production Technology, 6(1), 81-
95.

Rahimi, T., Hasanpour darvishi, H., Nooralvandi, T., Mozafari, H. 2013. 'The Effect of drought stress on
morphological characteristics of Iranian chamomile landraces under drain wastewater’, Crop Production in
Environmental Stress, 5(1), pp. 47-55.

Rahmani, H.R. 2008, investigating the concentration of heavy elements copper, manganese, zinc and iron in
wheat plants under irrigation with industrial wastewater effluent, the third national congress of recycling and use
of renewable organic resources in agriculture, Isfahan.

Rahmani, M., Vasali, S.A., Farahani, E. 2023. Nutrient-mediated canopy development in Eucalyptus
camaldulensis under wastewater irrigation: A mechanistic approach. Agricultural Water Management, 278,
108167.

Rezaei, H, and Saadat, S. ¥ +)A, Wastewater Use in Agriculture: Opportunities, Challenges and Solutions. Land
Management, 1(Y), .Y¥)-Y ¥

Sadeghi, M., and Ahmadi Nadushan, M. 2021. Soil nitrogen modeling using remote sensing and regression and
random forest models. Soil and Water Resources Conservation, 11(2), 97-111.

Salehi, A., Tabari, M., Mohammadi, J., Aliarb, A. 2008. 'Effect of irrigation with municipal effluent on soil and
growth of Pinus eldarica Medw. trees', Iranian Journal of Forest and Poplar Research, 16(2), pp. 196-186.

Salem, H.M., Abdel-Salam, A.A., Abdel-Salam, M.A. 2023. Contrasting effects of wastewater irrigation on
Eucalyptus canopy development in arid and semi-arid regions. Agricultural Water Management, 289, 108542.
Serbula S.M., Klinovic, T.S., llic, A.A., Kalinovic, J.V., Steharnik, M.M. 2013. Assessment of Airborne Heavy
Metal Pollution Using Pinus spp.and Tilia spp. Aerosol and Air Quality Research13: 563-573.

Silva, J. A. 2023. Wastewater treatment and reuse for sustainable water resources management: a systematic
literature review. Sustainability, 15(14), 10940.

Tarabian, Y., and Ali Ahmad Karori, S., and Adeli Pish Bijari, A., and Fallah Chai, M. 2009. Quantitative
and qualitative investigation of peroxidase and amylase enzymes of juniper tree (Juniperrus excelsa) seeds and
branches according to the quality grade of rootstocks in Khorasan Razavi habitat (case study of Hezar Masjid and
Binaloud). Biological Sciences, 3(3 (series 10)), 19-27.

Vasali, S. A., Zahtabian, G., Babaei, H. 2017, wastewater, its importance and application in agriculture and
green spaces, the third conference.

Vasali, S.A., Zahtabian, G. 2022. Zinc hyperaccumulation in drought-tolerant crops: Case study of olive orchards
receiving tannery wastewater in central Iran. Journal of Hazardous Materials, 424(Pt B), 127463.

Zahtabian, G., Azarnivand, H., Khosravi, H. 2018. Assessment of drought severity and its impact on vegetation
cover in arid regions: A case study of Ardakan, Iran. Desert Management Journal, 5(2), 45-60.

Zare mirakabad, R. 2017. 'Effect of treated wastewater irrigation on some physiological characteristics and
nutrition of pinto bean', Water and Irrigation Management, 7(1), pp. 43-58.


http://dx.doi.org/10.22034/NBR.12.3.2
https://c4i2016.khu.ac.ir/nbr/article-1-3689-en.html
http://www.tcpdf.org

