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Abstract

Local communities in many parts of the West Bank, Palestine have very limited water
resources available for irrigation. In addition, since these communities are traditionally
agricultural communities, water shortage and the lack of innovation in the agricultural
sector led to loss of jobs in this sector. This in turn led young people to start looking for
jobs in different sectors and even increased migration to urban centers. The reuse of treated
wastewater can provide a viable solution to irrigation water shortage. It can help in creating
jobs in the marginalized communities in the West Bank, especially in areas under full Israeli
control (Area C according to the Oslo Accord). Furthermore, it is important to select crops
that can resist the effects of climate change and create revenue for the farmers at the same
time. In this research, we studied the impact of irrigating marigold (Tagetes erecta), which is
a flower plant commonly used in the Palestinian market, with treated wastewater from the
Nablus West Wastewater Treatment Plant (NWWTP). The quality of the treated wastewater,
as indicated by parameters such as COD, BOD5, pH, EC, and TSS, shows its suitability
for agricultural reuse. With low levels of organic matter, a near-neutral pH, and minimal
suspended solids, the water poses minimal environmental risks and is ideal for irrigation,
though monitoring for salinity buildup is necessary. Twenty-six marigold plants were
planted, half of them were irrigated with the treated wastewater and the other half with
tap water. Observations of length, number of roses, rose size, days to flower, and flowering
days were recorded for both cases. The statistical analysis of the results shows that there is
no significant difference between marigolds irrigated with treated wastewater and those
treated with tap water, in terms of Plant Height, Rose Number and Rose Diameter.

Keywords: wastewater; irrigation; reuse; Tagetes erecta; semi-arid climate; water scarcity;
Palestine

1. Introduction

Water scarcity is a critical global challenge [1,2], currently affecting nearly one-third
of the world’s population [3,4]. The situation is aggravated by climate change, which
increases the frequency of droughts and extreme weather events [5].

In Palestine, water scarcity is particularly acute due to restricted access to natural
resources under the political situation [6-8]. Groundwater provides over 90% of available

Water 2025, 17, 2921

https://doi.org/10.3390/w17202921


https://doi.org/10.3390/w17202921
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/water
https://www.mdpi.com
https://orcid.org/0000-0003-4710-1362
https://orcid.org/0000-0001-9303-0927
https://orcid.org/0000-0002-2472-7357
https://doi.org/10.3390/w17202921
https://www.mdpi.com/article/10.3390/w17202921?type=check_update&version=1

Water 2025, 17, 2921

2 0f 10

water, yet supply is insufficient to meet demand [9,10]. Although agriculture’s share in
the Gross Domestic Product (GDP) has declined from ~40% in 1967 to <10% today, the
sector still consumes more than 45% of available freshwater. Beyond its economic role,
agriculture is deeply tied to Palestinian cultural identity and resilience, making water
security a national priority [11-13].

Developing countries in the Middle East are experiencing significant water resource
scarcity, heavily relying on groundwater as their primary source. Over the past three
decades, these nations have undergone urban development, which has included the es-
tablishment of sewer systems [14]. Many countries in the Middle East and North Africa
suffer the effects of the irregularity of climate conditions on surface water and groundwater,
which has affected the sustainability of water resources and caused their deterioration [15].

Urban areas in Palestine are served by sewerage collection systems; however, this
progress has not been accompanied by the development of adequate treatment facilities for
the large volumes of collected sewage, resulting in adverse impacts on the sustainability
and quality of key water resources. Lack of financing for the construction of wastewater
treatment plants has been the main reason for this environmental neglect. In Palestine,
the effluents from many communities are often discharged into nearby wadis, where they
continue to flow untreated, causing environmental pollution and posing a potential threat
to groundwater quality. Although Palestinian standards exist to regulate wastewater reuse
across different sectors, the enforcement and monitoring of these standards remain weak
due to the unstable political situation. A significant improvement occurred in 2015 when
Nablus West Wastewater Treatment Plant NWWTP), funded by the German Development
Bank (KfW), was put into operation, providing an alternative source of water and mitigating
part of the environmental risks [16]. Treated wastewater (TWW) reuse has a great potential
for solving the problems of water shortage for agriculture and the discharge of untreated
wastewater into the environment, especially in arid and semi-arid regions [17-19]. This
reuse of treated wastewater can not only provide the water crops need, but also it can
provide nutrients [18,20,21]. The moderate to high organic matter content in treated
wastewater (TWW) promotes high crop yields without affecting their quality. However,
irrigation with treated wastewater could increase the salinity and/or alkalinity of the soil
causing soil sealing, deterioration, and reduction in crop yield. Furthermore, it is associated
with the increased risk of pathogen contamination [18,22-24]. In addition, using TWW for
irrigation can increase heavy metal concentrations in soil and plants. The suitability of
TWW for irrigation largely depends on the types of crops being grown [25,26].

There is a thriving market worldwide for ornamental plants such as cut flowers,
especially in Western Europe, the United States and Japan, where the demand for these
flowers is worth tens of billions of US dollars [27-29]. This sector could contribute to solving
the job market problem in Palestine where the unemployment rate reaches 24%—36.4%
among the youth [30].

A study conducted by Marinho et al. [18] found that rosebushes (Rosa hybrida “Am-
biance”) irrigated with treated wastewater had higher yield than those obtained with
traditional cultivation. The wastewater was treated with anaerobic filters and intermittent
sand filters. Regarding the salinity, it was significantly higher than the salinity when
irrigated with drinking water, although it was below the critical limit. Furthermore, Nirit
et al. [29] found that irrigating roses with treated wastewater for 12 months did not affect
the visible appearance of the plants, their contents of macro elements, and some minerals
(Fe, Cu, Mo, and Al). On the other hand, it increased the content of Cl, Mn, Cu, and B, but
all within the acceptable ranges.

According to Attili [31], there has been increasing encouragement for investors to
enter the flower cultivation sector due to its lucrative prospects. The local flower market
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in Palestine has a substantial demand, with annual consumption reaching ILS 10 million
(about USD 2.7 million). Flower farming in the West Bank began in 2009, with 18 dunums
(1 dunum = 1000 m?) planted with 15 types of flowers in Jenin and Tulkarm. This sector
has shown high profitability. One farmer highlighted the economic viability of flower
farming, noting its high yield and strong local demand. He urged investors to seize this
opportunity and stressed the need for institutional support. Another farmer emphasized
that Palestinian flowers could compete with imports, offering superior quality and prices,
due to faster delivery times. However, challenges like water and fertilizer supply remain.
Treated wastewater has been proposed as a sustainable solution, offering both water and
nutrients. A national strategy by the Ministry of Agriculture could further enhance this
industry’s growth potential.

Tagetes erecta, commonly known as African marigold, is an annual flowering plant of
the genus Tagetes that is rich in carotenoids such as lutein and other carotenoids. Although
it is called African, it is native to Mexico, where it is found in the wild [32,33]. Notably,
this type of flower is in high demand in the Palestinian market and is one of the most
common flowers in the West Bank. Besides being a commercial flower, marigolds are used
in traditional medicine and reported to have anti-bacterial, antimicrobial, anti-oxidant,
hepatoprotective, insecticidal, and wound-healing activities mainly due to the presence of
Lutein as the main pigment [32,34,35]. Furthermore, marigold fermentation wastewater
has been successfully used as a fertilizer [17]. On the other hand, marigolds have been
successfully irrigated with the effluent of a laboratory scale decentralized wastewater
treatment system [36], and performed well when irrigated with refined wastewater [37].

In this research, we evaluate the effect of irrigating marigolds with treated wastewater
from the Nablus West Wastewater Treatment Plant NWWTP). The NWWTP is located
12 km west of the city of Nablus, Palestine. The plant was established in 2013 and cur-
rently serves a population of about 120,000. It is operated as an activated sludge process
with physical, biological, and sludge treatment units. Its process units include mechanical
screens, a grit/grease removal unit, primary sedimentation tanks, aeration tanks, secondary
sedimentation tanks, sludge thickeners, an anaerobic digester, gas utilization unit, and
sludge drying beds. The ancillary units include a laboratory, stand-by generator, adminis-
tration building and workshop. The treated wastewater is currently discharged in a nearby
stream (Wadi Al-Zomar), but there is an on-going major reuse project that is expected to
irrigate fruit trees planted on about 3 million m2. The plant treats about 14,000 m3/d of
wastewater, with an efficiency of about 98% for both BOD5 (Biochemical Oxygen Demand)
and TSS (Total Suspended Solids) [38,39].

2. Materials and Methods

A field experiment was carried out in the city of Nablus, Palestine between 16 April
and 6 June 2022. Two experimental setups, A and B, were established, where A was
irrigation with secondary treated wastewater from NWWTP, and B was irrigation with
tap water. Thirteen seedlings of marigold were cultivated on 16 April. The seedlings
were purchased from a local nursery in Tulkarm, Palestine. At the time of transplanting,
uniform and healthy seedlings were selected to minimize variation between treatments.
Each experimental setup was represented by a basin with width and length of 20 cm and
75 cm, respectively. Irrigation was supplied daily to both experimental setups with same
amount of 0.4 L/plant.

To compare the plant growth in response to water quality, we observed both plant
height and number of flowers every 5 days. We also observed the timing of flowerings as
well as diameter of flowers of each plant per treatment. The pictures in Figure 1 illustrate
the experimental setting and show the growing phases of the marigolds.
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Figure 1. The experimental setup and the growing phases of the marigolds (a) overview of the
experimental setup (b) early growth phase, (c) overview of the flowering phase, and (d) closeup of
one flower.

Plants were irrigated manually at regular intervals to maintain adequate soil moisture.
The growth medium used was a peat moss—vermiculite mixture. No fertilizers were added
during the experiment in order to isolate the contribution of treated wastewater as a
nutrient source. Weather conditions were logged daily using data from the Palestinian
Meteorological Department. The minimum temperature recorded during the experimental
period was 9 °C, while the maximum reached 38 °C. Relative humidity ranged between
41% and 68%, and no rainfall events occurred during the study period.

Tap water used for comparison in this study was supplied by the Nablus municipal
network. It is considered high-quality drinking water, with turbidity <1 NTU, electrical
conductivity (EC) of about 200 uS/cm, total dissolved solids (TDS) of approximately
250 mg/L, and pH of 7.9.

3. Results and Discussion
3.1. Quality of Reused Wastewater

At the time of the experiment (spring of 2022), the characteristics of the secondary
treated wastewater were as shown in Table 1, which can be evaluated in terms of water
quality indicators such as Chemical Oxygen Demand (COD), Biochemical Oxygen De-
mand (BOD5), pH, Electrical Conductivity (EC), and Total Suspended Solids (TSS). These
parameters give insight into the water’s suitability for reuse, its potential impact on the
environment, and its treatment efficiency.
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Table 1. Characteristics of secondary treated wastewater from NWWTP.

Palestine Standards

Parameter Unit Value Institute (PSI) Value
Chemical Oxygen Demand (COD) mg/1 45 150

Biochemical Oxygen Demand (BODs) mg/L 10 40

Acidity (pH) unit 7.64 6-9

Electrical Conductivity (EC) uS/cm 1270 1500

Total Suspended Solids (TSS) mg/L 17 30

e  Chemical Oxygen Demand (COD): The Chemical Oxygen Demand (COD) of 45 mg/L
is much lower than the Palestine Standards Institute (PSI) value of 150 mg/L, in-
dicating that the wastewater has undergone effective treatment. This lower COD
value reflects a reduced concentration of both biodegradable and non-biodegradable
organic matter, making the water less likely to cause pollution and suitable for reuse
in irrigation with minimal environmental impact.

e  Biochemical Oxygen Demand (BOD5): The BOD5 value of 10 mg/L, much lower than
the PSI value of 40 mg/L, indicates a low level of organic matter in the water, which
can be easily decomposed by microorganisms. This suggests good water quality, as
a high BOD5 could lead to oxygen depletion, harming aquatic life. The low BOD5
makes the treated water suitable for reuse with minimal environmental impact.

e  Acidity (pH): The treated wastewater has a pH of 7.64, within the acceptable range of
6 to 9 as per PSI values. This near-neutral pH is ideal for irrigation, as extreme acidity
or alkalinity can harm plant growth, soil health, and irrigation systems. A slightly
alkaline or neutral pH is beneficial for agricultural water use.

e  Electrical Conductivity (EC): The treated wastewater has an electrical conductivity
(EC) of 1270 uS/cm, below the PSI limit of 1500 uS/cm, indicating moderate salinity.
While the EC is within the acceptable range for irrigation, elevated salinity can affect
soil and plant health. Long-term irrigation with this water requires monitoring for
potential salt buildup in the soil.

o Total Suspended Solids (TSS): The TSS level of 17 mg/L is below the PSI limit of
30 mg/L, indicating that the treated wastewater is relatively free of suspended solids.
High TSS concentrations can clog irrigation systems and harm plants. Since the TSS
is within acceptable limits, the treated wastewater poses minimal risk to irrigation
systems and crop health.

The expected cost of treated wastewater is about USD 0.3/m3, while the cost of tap
water is approximately USD 1.4/m3. In Palestine, the pricing of both freshwater and
reclaimed water is regulated by the Palestinian Water Authority (PWA) in alignment
with national water policies. The relatively lower price of treated wastewater reflects the
application of the “polluter pays” principle, whereby the cost of wastewater treatment is
borne primarily by the polluters, including households and industries that generate sewage.
Farmers and other end-users of reclaimed water are therefore required to cover only the
costs associated with transporting the water from the treatment plant to their farms. This
pricing structure is intended to incentivize the reuse of treated wastewater, reduce the
burden on freshwater resources, and promote more sustainable agricultural practices.

3.2. Effect of TWW on the Growth Characteristics of Marigolds

Water quality may affect the growth characteristics of marigolds; therefore, we evalu-
ated the effect of both treated waste- and tap water on different parameters.
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3.2.1. Plant Height (PH)

Plant height was observed after the transpiration date at 5-day intervals as shown
in Figure 2, where (DAT refers to Days After Transplanting, PH_WW refers to plant
height at wastewater experimental setup, and PH_TW refers to tap water experimental
setup). There were no significant differences between the two experimental setups in both
vegetative growth and reproductive phase as marigolds grown with tap water matured at
an average height of 20 cm on June 6; while the one irrigated by wastewater matured at
an average height of 20 cm on the same day. These results agreed with the one reported
by BBC Gardeners” World Magazine [40] which reported that the height of marigolds
varies between 15 and 60 cm. On the other hand, Palei et al. [41] found the average length
(12.1 cm). This confirms that plant height highly differs among species and cultivars.

30 4

25 4

o
=1
L

—8—PH_ WW

Plant height (cm)

—e—PH TW

0 10 20 30 40 50 60
DAT

Figure 2. Observed marigold height over the growing period (error bars represent standard
deviation (SD)).

3.2.2. Rose Number (RN)

The rose number was also observed at 5-day intervals for both experimental setups
along the growing period as shown in Figure 3, where PH_WW refers to plant height
at wastewater experimental setup, while PH_TW refers to tap water experimental setup.
There were no significant differences between the two experimental setups for the total
growing period. The rose numbers observed in the wastewater experimental setup were
similar to the ones observed in the tap water experimental setup, except for 15 days and
those after 45 days of transplanting. This may be due to more nutrients existing in the
wastewater experimental setup which may have enhanced the growth number of roses.
Another reason is that high winds occurred after 45 days of transplanting which caused
more losses in the tap water experimental setup that has taller plants compared to the

wastewater experimental setup.

—8—RN_WW
—@—RN_TW

Number of roses
w

0 10 20 30 40 50 60
DAT

Figure 3. Observed marigold rose numbers over the growing period (error bars represent SD).
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3.2.3. Rose Diameter (RD)

Rose diameter (RD) was monitored throughout the entire growing period, as illus-
trated in Figure 4. In this analysis, RD_WW refers to plants irrigated with treated wastewa-
ter, while RD_TW refers to those irrigated with tap water. The results indicate that there
were no statistically significant differences between the two experimental setups, as the
values of both groups were closely aligned along the 45° line, reflecting a consistent growth
trend. Typically, the floral heads of Tagetes erecta range between 4 and 6 cm in diameter [42].
In our study, the mean rose diameter was 5.19 cm under both irrigation experimental setups,
which falls within this expected range. This consistency suggests that treated wastewater
irrigation does not adversely affect floral size, a critical parameter for marketability in
ornamental plants.

® RD

-------- Line 45-degree

%3
ae

Tap water treatment

0 1 2 3 4 5 6 7
Wastewater treatment

Figure 4. Observed rose diameter in marigold over the growing period.

The comparable performance under both experimental setups highlights the potential
of treated wastewater as a sustainable alternative irrigation source, particularly in semi-arid
regions where freshwater resources are scarce. Moreover, maintaining the flower diameter
within the commercially acceptable range ensures that economic value is not compromised,
thereby supporting both water conservation and livelihood resilience. These findings
further reinforce the feasibility of integrating treated wastewater into floriculture practices
without diminishing crop quality.

4. Conclusions

This study investigated the feasibility of using treated wastewater for the cultivation
of marigold roses in a semi-arid climate in Palestine. Our findings demonstrate that the use
of treated wastewater has made no significant difference in growth and yield of marigold
roses compared to the control group that received only freshwater irrigation, indicating
that treated wastewater can be a sustainable and viable water resource for irrigation in arid
and semi-arid regions.

Moreover, our study highlights the importance of adopting wastewater reuse practices
as a potential solution to the growing problem of water scarcity in many arid and semi-
arid regions worldwide. The use of treated wastewater for irrigation can help reduce the
pressure on freshwater resources and provide an alternative source of water for agriculture.
This could have significant implications for sustainable agricultural practices and food
security in regions with limited water resources.

While this study demonstrates the feasibility and potential benefits of using treated
wastewater for the cultivation of Tagetes erecta in a semi-arid climate, it is clear that further
research is required to provide a deeper understanding of its long-term implications. Such
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investigations should address changes in soil quality, plant growth and productivity, and
the possible accumulation of heavy metals and pathogens that may pose risks to both
human and environmental health. In addition, comprehensive risk assessments are needed
to evaluate the broader sustainability of treated wastewater reuse, ensuring that it can be
applied safely and effectively across different agricultural contexts. Extending this line of
research to include other ornamental and crop species will also help to determine the wider
applicability of treated wastewater irrigation in semi-arid regions.

Although the short-term results were promising, the possible long-term accumulation
of salt in peat-based media and soil remains a concern when using treated wastewater
for irrigation. The continuous monitoring of soil salinity and crop response is therefore
essential to ensure the sustainability of this practice.

One limitation of this study is the absence of data on nutrient concentrations such as
nitrogen and phosphorus in the treated wastewater. Monitoring these parameters would
provide valuable information for developing a proper fertilization plan and optimizing
nutrient management in floriculture. Future research should therefore include nutrient
monitoring to better assess the agronomic potential and safety of treated wastewater reuse.
Future studies should also include the microbiological analysis of secondary treatment efflu-
ents, as the presence of bacteria may indicate potential fecal contamination and associated
health risks.

Future studies should also be designed to isolate and test the significance of key
water quality parameters (COD, BODs, pH, EC, and TSS) by systematically varying their
concentrations under controlled conditions. Such experiments would provide deeper
insights into their individual and combined effects on plant growth, soil quality, and overall
irrigation suitability.
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Abbreviations

The following abbreviations are used in this manuscript:

BOD  Biochemical Oxygen Demand
COD  Chemical Oxygen Demand
DAT Days After Transplanting

EC Electrical Conductivity

GDP Gross Domestic Product

pH Acidity

PH Plant Height

RN Rose Number

TSS Total Suspended Solids
TWW  Treated Wastewater



Water 2025, 17, 2921 90f 10

References

1.

10.

11.
12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kanaoujiya, R.; Roy, O.S; Jaiswal, A ; Singh, S.K.; Al Tawaha, A.R.M,; Srivastava, S.; Al-Tawaha, A.R.; Karnwal, A.; Nesterova, N.;
Singh, A.; et al. Agricultural water scarcity: An emerging threat to global water security. In Sustainable Agriculture Under Drought
Stress; Academic Press: Cambridge, MA, USA, 2025; pp. 15-22.

Karimi, M.; Tabiee, M.; Karami, S.; Karimi, V.; Karamidehkordji, E. Climate change and water scarcity impacts on sustainability in
semi-arid areas: Lessons from the South of Iran. Groundw. Sustain. Dev. 2024, 24, 101075. [CrossRef]

Van Vliet, M.T; Jones, E.R.; Florke, M.; Franssen, W.H.; Hanasaki, N.; Wada, Y.; Yearsley, ].R. Global water scarcity including
surface water quality and expansions of clean water technologies. Environ. Res. Lett. 2021, 16, 024020. [CrossRef]

Tong, S.; Xia, R.; Chen, J.; Li, W.; Chen, Y.; Xu, C.Y. A diagnostic framework to reveal future clean water scarcity in a changing
climate. J. Hydrol. Reg. Stud. 2024, 56, 102040. [CrossRef]

Dankers, R.; Arnell, N.W,; Clark, D.B.; Falloon, P.D.; Fekete, B.M.; Gosling, S.N.; Heinke, ]J.; Kim, H.; Masaki, Y.; Satoh, Y.; et al.
First look at changes in flood hazard in the Inter-Sectoral Impact Model Intercomparison Project ensemble. Proc. Natl. Acad. Sci.
USA 2014, 111, 3257-3261. [CrossRef] [PubMed]

Krampe, E. Syria, Palestine, and Jordan: Case studies in water scarcity, conflict, and migration. Maneto Undergrad. Res. ]. 2020,
3, 1-16. [CrossRef]

Palestinian Water Authority (PWA). Status Report of Water Resources in the Occupied State of Palestine-2012; Palestinian Water
Authority (PWA): Al-Bireh, Palestine, 2013.

Salem, M.Z.; Ertz, M. Water consumption rationalization using demarketing strategies in the Gaza Strip, Palestine. Water Resour.
Econ. 2023, 43, 100227. [CrossRef]

Istaitih, Y.; Rahil, M.H. Water management practices based on crop oriented approach for facing water scarcity in Palestine. Am. J.
Water Resour. 2018, 6, 207-211.

Alsa’di, A.; Mahmoud, N.; Al-Khatib, I.A. Utilization of treated municipal effluent for irrigating agricultural land in Palestine:
The driving factors and existing practices. Environ. Res. 2024, 242, 117578. [CrossRef]

United Nations. Occupied Palestinian Territory Country Profile; United Nations: New York, NY, USA, 2009.

Ahmad, M.; van der Steen, P. Enhancing the governance of industrial wastewater using cleaner production and water footprint
principles: A case study of two dairy companies in Palestine. Desalination Water Treat. 2022, 275, 339-349. [CrossRef]
Abdelnour, S.; Tartir, A.; Zurayk, R. Farming Palestine for Freedom. Al-Shabaka. No. 2012. 2012. Available online: https:
/ /eprints.lse.ac.uk/50329/1/Tartir_Farming_Palestine_Freedom_2012_eng.pdf (accessed on 15 April 2025).

Hamed, Y.; Ayadi, Y,; Khalil, R.; Al-Omran, A.; Lebdi, F.; Dhaouadi, L. Wastewater resources, agricultural practices management
strategies, soil salinity predictions and artificial recharge in the Middle East-Saudi Arabia: A review. J. Saudi Soc. Agric. Sci. 2024,
23,569-584. [CrossRef]

Al-Hussein, A.A.; Hamed, Y.; Bouri, S. Assessment of sediment yield and surface runoff using the SWAT hydrological model: A
case study of the Khazir River basin, northern Iraq. Euro-Mediterr. J. Environ. Integr. 2024, 9, 809-825. [CrossRef]

Nablus Municipality. Wastewater Treatment Plant Nablus West; Annual Report 2022; Nablus Municipality: Nablus, Palestine, 2022.
McNeill, L.S.; Almasri, M.N.; Mizyed, N. A sustainable approach for reusing treated wastewater in agricultural irrigation in the
West Bank—Palestine. Desalination 2009, 248, 315-321. [CrossRef]

Marinho, L.E.D.O.; Tonetti, A.L.; Stefanutti, R.; Coraucci Filho, B. Application of reclaimed wastewater in the irrigation of
rosebushes. Water Air Soil Pollut. 2013, 224, 1669. [CrossRef] [PubMed]

Al-Hazmi, H.E.; Mohammadi, A.; Hejna, A.; Majtacz, J.; Esmaeili, A.; Habibzadeh, S.; Saeb, M.R.; Badawi, M.; Lima, E.C.; Makinia,
J. Wastewater reuse in agriculture: Prospects and challenges. Environ. Res. 2023, 236, 116711. [CrossRef] [PubMed]

Travis, M.].; Wiel-Shafran, A.; Weisbrod, N.; Adar, E.; Gross, A. Greywater reuse for irrigation: Effect on soil properties. Sci. Total
Environ. 2010, 408, 2501-2508. [CrossRef]

Odone, G.; Perulli, G.D.; Mancuso, G.; Lavrni¢, S.; Toscano, A. A novel smart fertigation system for irrigation with treated
wastewater: Effects on nutrient recovery, crop and soil. Agric. Water Manag. 2024, 297, 108832. [CrossRef]

Shahalam, A.; Abu Zahra, B.M.; Jaradat, A. Wastewater irrigation effect on soil, crop and environment: A pilot scale study at
Irbid, Jordan. Water Air Soil Pollut. 1998, 106, 425-445. [CrossRef]

Al-Lahham, O.; El Assi, N.M.; Fayyad, M. Impact of treated wastewater irrigation on quality attributes and contamination of
tomato fruit. Agric. Water Manag. 2003, 61, 51-62. [CrossRef]

Ebissa, G.; Fetene, A.; Desta, H. Study on quality of treated wastewater for urban agriculture use in Addis Ababa, Ethiopia. City
Environ. Interact. 2024, 24, 100157. [CrossRef]

Djillali, Y.; Chabaca, M.N.; Benziada, S.; Bouanani, H.; Mandi, L.; Bruzzoniti, M.C.; Boujelben, N.; Kettab, A. Effect of treated
wastewater on strawberry. Desalination Water Treat. 2020, 181, 338-345. [CrossRef]

Shtaya, M.].; Yaseen, K.; Abdelraheem, W.; Hannoun, Y.; Qaoud, H.A.; Al-Fares, H.; Daoud, A.; Fadah, Z.; Alimari, A. Effect of
tertiary treated wastewater on some soil properties and wheat yield. Desalination Water Treat. 2021, 236, 300-305. [CrossRef]


https://doi.org/10.1016/j.gsd.2023.101075
https://doi.org/10.1088/1748-9326/abbfc3
https://doi.org/10.1016/j.ejrh.2024.102040
https://doi.org/10.1073/pnas.1302078110
https://www.ncbi.nlm.nih.gov/pubmed/24344290
https://doi.org/10.15367/m:turj.v3i1.317
https://doi.org/10.1016/j.wre.2023.100227
https://doi.org/10.1016/j.envres.2023.117578
https://doi.org/10.5004/dwt.2022.29136
https://eprints.lse.ac.uk/50329/1/Tartir_Farming_Palestine_Freedom_2012_eng.pdf
https://eprints.lse.ac.uk/50329/1/Tartir_Farming_Palestine_Freedom_2012_eng.pdf
https://doi.org/10.1016/j.jssas.2024.08.003
https://doi.org/10.1007/s41207-024-00476-5
https://doi.org/10.1016/j.desal.2008.05.070
https://doi.org/10.1007/s11270-013-1669-z
https://www.ncbi.nlm.nih.gov/pubmed/24078756
https://doi.org/10.1016/j.envres.2023.116711
https://www.ncbi.nlm.nih.gov/pubmed/37487927
https://doi.org/10.1016/j.scitotenv.2010.03.005
https://doi.org/10.1016/j.agwat.2024.108832
https://doi.org/10.1023/A:1005046912234
https://doi.org/10.1016/S0378-3774(02)00173-7
https://doi.org/10.1016/j.cacint.2024.100157
https://doi.org/10.5004/dwt.2020.25095
https://doi.org/10.5004/dwt.2021.27670

Water 2025, 17, 2921 10 of 10

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Lawson, R.H. Economic importance and trends in ornamental horticulture. In Proceedings of the IX International Symposium on
Virus Diseases of Ornamental Plants, Herzliya, Israel, 17-22 March 1996; Volume 432, pp. 226-237.

CBI. CBI Product Factsheet: Fresh Cut Flowers and Foliage in the European Unspecialized Retail Market; CBI: New Delhi, India, 2016.
Nirit, B.; Asher, B.T.; Haya, F; Pini, S.; Ilona, R.; Amram, C.; Marina, I. Application of treated wastewater for cultivation of roses
(Rosa hybrida) in soil-less culture. Sci. Hortic. 2006, 108, 185-193. [CrossRef]

Trading Economics. Palestine Unemployment Rate. Available online: https:/ /tradingeconomics.com/palestine/unemployment-
rate (accessed on 20 March 2025).

Attili, B. O Farmers, Embrace Flower Cultivation. Palestine Economy Portal. 2015. Available online: https:
/ /www.palestineeconomy.ps/ar/Article /727 / %D9%8A%D8%A7-%D9%85%D8%B9%D8%B4%D8%B1- %D8%A7 %D9%84%
D9%85%D8%B2%D8% A7%D8%B1%D8%B9%D9%8 A %D9%86-%D8%BI%D9%84%D9%8 A %D9%83%1D9%85-%D8%A8%DS8
% A7%D9%84%1D9%88%D8%B1%D8%AF (accessed on 19 March 2025). (In Arabic)

Hadden, W.L.; Watkins, R.H.; Levy, LW.; Regalado, E.; Rivadeneira, D.M.; van Breemen, R.B.; Schwartz, S.J. Carotenoid
composition of marigold (Tagetes erecta) flower extract used as nutritional supplement. J. Agric. Food Chem. 1999, 47, 4189-4194.
[CrossRef] [PubMed]

Liu, H,; Wang, Y.; Liang, C.; Yang, Q.; Wang, S.; Wang, B.; Zhang, F; Zhang, L.; Cheng, H.; Song, S. Utilization of marigold (Tagetes
erecta) flower fermentation wastewater as a fertilizer and its effect on microbial community structure in maize rhizosphere and
non-rhizosphere soil. Biotechnol. Biotechnol. Equip. 2020, 34, 522-531. [CrossRef]

Gopi, G.; Elumalai, A ; Jayasri, P. A concise review on Tagetes erecta. Int. ]. Phytopharm. Res. 2012, 3, 16-19.

Singh, Y.; Gupta, A.; Kannojia, P. Tagetes erecta (Marigold)—A review on its phytochemical and medicinal properties. Curr. Med.
Drug Res. 2020, 4, 1-6. [CrossRef]

Ranjan, R.; Kumar, L.; Sabumon, P.C. Process performance and reuse potential of a decentralized wastewater treatment system.
Water Sci. Technol. 2019, 80, 2079-2090. [CrossRef]

Sharafzadeh, S.; Mirshekari, M. Impact of growing medium and wastewater irrigation on vegetative and flowering characteristics
of Tagetes erecta L. Int. ]. Agric. Crop Sci. (IJACS) 2013, 5, 341-343.

Abu-Ghosh, S; Jaffal, Y.; Bitar, S.; Homeidan, M.; Odeh, Y. Wastewater Treatment Plant-Nablus West, Annual Report for Operation and
Reuse of Year 2017; Nablus Municipality, Palestine, 2018. Available online: https://wwtp.nablus.org/wp-content/uploads/2018
/02/Final-2017-report-20-2-2018.pdf#link=pdf (accessed on 20 May 2024).

Al-Joulani, N.M. Effect of using tertiary treated wastewater from Nablus wastewater treatment plant (NWWTP), on some
properties of concrete. Int. J. Innov. Technol. Explor. Eng. 2019, 8, 2460-2466. [CrossRef]

BBC Gardeners” World Magazine. How to Grow Marigolds. 2022. Available online: https://www.gardenersworld.com/how-to/
grow-plants/how-to-grow-marigolds/ (accessed on 20 May 2024).

Palei, S.; Das, A.K.; Dash, D.K. Effect of plant growth regulators on growth, flowering and yield attributes of African marigold
(Tagetes erecta L.). ]. Crop Weed 2016, 12, 47—49.

Sadique, S.; Ali, M.M.; Usman, M.; Hasan, M.U.; Yousef, A.F,; Adnan, M.; Gull, S.; Nicola, S. Effect of foliar supplied PGRs on
flower growth and antioxidant activity of African marigold (Tagetes erecta L.). Horticulturae 2021, 7, 378. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.scienta.2006.02.001
https://tradingeconomics.com/palestine/unemployment-rate
https://tradingeconomics.com/palestine/unemployment-rate
https://www.palestineeconomy.ps/ar/Article/727/%D9%8A%D8%A7-%D9%85%D8%B9%D8%B4%D8%B1-%D8%A7%D9%84%D9%85%D8%B2%D8%A7%D8%B1%D8%B9%D9%8A%D9%86-%D8%B9%D9%84%D9%8A%D9%83%D9%85-%D8%A8%D8%A7%D9%84%D9%88%D8%B1%D8%AF
https://www.palestineeconomy.ps/ar/Article/727/%D9%8A%D8%A7-%D9%85%D8%B9%D8%B4%D8%B1-%D8%A7%D9%84%D9%85%D8%B2%D8%A7%D8%B1%D8%B9%D9%8A%D9%86-%D8%B9%D9%84%D9%8A%D9%83%D9%85-%D8%A8%D8%A7%D9%84%D9%88%D8%B1%D8%AF
https://www.palestineeconomy.ps/ar/Article/727/%D9%8A%D8%A7-%D9%85%D8%B9%D8%B4%D8%B1-%D8%A7%D9%84%D9%85%D8%B2%D8%A7%D8%B1%D8%B9%D9%8A%D9%86-%D8%B9%D9%84%D9%8A%D9%83%D9%85-%D8%A8%D8%A7%D9%84%D9%88%D8%B1%D8%AF
https://www.palestineeconomy.ps/ar/Article/727/%D9%8A%D8%A7-%D9%85%D8%B9%D8%B4%D8%B1-%D8%A7%D9%84%D9%85%D8%B2%D8%A7%D8%B1%D8%B9%D9%8A%D9%86-%D8%B9%D9%84%D9%8A%D9%83%D9%85-%D8%A8%D8%A7%D9%84%D9%88%D8%B1%D8%AF
https://doi.org/10.1021/jf990096k
https://www.ncbi.nlm.nih.gov/pubmed/10552789
https://doi.org/10.1080/13102818.2020.1781548
https://doi.org/10.53517/CMDR.2581-5008.412020201
https://doi.org/10.2166/wst.2020.046
https://wwtp.nablus.org/wp-content/uploads/2018/02/Final-2017-report-20-2-2018.pdf#link=pdf
https://wwtp.nablus.org/wp-content/uploads/2018/02/Final-2017-report-20-2-2018.pdf#link=pdf
https://doi.org/10.35940/ijitee.K1709.0981119
https://www.gardenersworld.com/how-to/grow-plants/how-to-grow-marigolds/
https://www.gardenersworld.com/how-to/grow-plants/how-to-grow-marigolds/
https://doi.org/10.3390/horticulturae7100378

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Quality of Reused Wastewater 
	Effect of TWW on the Growth Characteristics of Marigolds 
	Plant Height (PH) 
	Rose Number (RN) 
	Rose Diameter (RD) 


	Conclusions 
	References

