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Objective: Nowadays, a significant amount of municipal wastewater and industrial
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
both—on the morphological and physiological traits of six plant species, including olive,
eucalyptus, pomegranate, Tehran pine, Egyptian silk tree, and bitter elaesagnus, with three
replications.

Results: The results showed that municipal wastewater treatment led to a significant
increase in the height of pomegranate, olive, bitter elaesagnus, 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/kg).

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
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Table 2 — Element concentrations in urban wastewater and soil used in the research
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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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" There is no significant difference.
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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
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Table ya-Comparison of the average effect of different treatments on the amount of lead
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