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Abstract: Water scarcity has critically augmented the need for the exploration of alternative irrigation
sources mainly in water-scarce regions. This water scarcity has put tremendous pressure on the
agri-based economy of countries such as Pakistan. The reuse of sewage wastewater has been
appearing as the only alternative water source, which can lessen our dependence upon freshwater
(FW). The current study aimed to scrutinize the influence of treated wastewater (TWW) and untreated
wastewater (UTWW) irrigation on the nutrient (N, P, K, Ca, and Na) concentration in different plant
parts, i.e., roots, stems, leaves, and flowers, of four scented Rosa species (R. bourboniana, R. centifolia,
R. Gruss-an-telpitz, and R. damascena) during the first week of 2018 to the last week of 2019. The
experiment was arranged according to the two-factor factorial arrangement i.e., factor I was the
irrigation source, while factor II was the Rosa species. The experimental water analysis showed that
mineral and chemical concentrations in FW and TWW were within permissible limits of national
environmental quality standards (NEQSs) for wastewateR. The UTWW of this study possessed a
higher electrical conductivity (EC), chemical oxygen demand (COD), biological oxygen demand
(BOD), total nitrogen (TN), and metals (Cd, Co, and Pb) than recommended levels. The results
revealed that P, K, Ca, and Na contents significantly increased in all studied plant parts of Rosa
species as the duration of irrigation with TWW and UTWW increased and vice versa in the case
of N contents, while the ratio of N content elevation by applying TWW and UTWW were also not
increased compared to other studied nutrients. The nutrients (except Ca) were found as maximum in
all plant parts with UTWW compared to FW and TWW irrigation in roses. These stimulations were
accredited to the presence of higher essential nutrients and some metals in UTWW. This experiment
confirmed the disparities in nutrient contents of scented Rosa species due to the different absorbability
of each element in every plant part. Regarding the nutrient accumulation in rose plant tissues, the
results of the present study confirm that untreated wastewater must be treated to some extent to
grow scented roses where water is scarce.
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1. Introduction

Climate change is one of the most solemn challenges that pose a threat to the liveli-
hoods of poor people belonging to climate-sensitive and agriculture-reliant developing
nations of the world [1]. Pakistan is one of those countries where the lethal impacts of
water shortage, due to climate change, are not limited to the production of food crops but
have extensive consequences for ornamental crop productions. Water, being the most vital
natural resource for life, has been a key issue on the global agenda for many years [2].
The world’s freshwater resources are dwindling very rapidly due to extensive irrigation
demands for agricultural lands. Thus, irrigation water resources must be utilized with
superior efficacy, and the use of nonconventional water sources such as treated wastewater
(TWW) and untreated wastewater (UTWW) should be encouraged [3]. Consequently,
wastewater reuse is a major strength for agricultural drives and the most vital choice to
manage water scarcities [4].

For centuries, TWW and UTWW have been utilized for irrigation purposes in Vietnam,
China, and Mexico [5], but in Pakistan, Israel, Jordan, Saudi Arabia, and India, the utiliza-
tion of marginal-quality wastewater has been common practice for the last decade due
to the dearth of freshwater [6]. The application of wastewater is a trustworthy irrigation
source for agricultural crop production in peri-urban areas where high-value perishable
crops can be cultivated near the consumer markets [7]. As wastewater is a rich source of
macronutrients, i.e., nitrogen (N), phosphorus (P), and potassium (K), the extra charges
for chemical fertilizers can be reduced significantly [8]. Such marginal-quality wastewater
can be applied as an irrigation source in less fertile soils where it may deliver nutrients
required for plant growth and development and its supply is even and steadfast [9]. It can
enhance the Na, Fe, and Ca concentration in the soil and can elevate the organic matter
concentration of soil up to 60% [10]. Marinho et al. [11] observed a significant buildup of N,
P, and K in plant parts of rosebushes by the application of reclaimed wastewateR. Modanloo
and Darvishi [12] stated that urban wastewater is an asset to supply macronutrients in
horticultural crops, which significantly reduced the cost of artificial fertilizer application.
Morgan et al. [13] also showed a higher macronutrient level in leaves of citrus plants due
to the application of reclaimed wastewater, which enhanced the fruit quality and other hor-
ticultural characteristics. This efficient wastewater utilization can create self-employment,
produce more food, and generate revenue [14]. According to Tymchuk et al. [15], there has
been a propensity to decrease the utilization of potassium, nitrogenous, and phosphate
fertilizers in many countries of the world, which is linked with a reduction in the natural
resources required to produce these fertilizers. This issue can be resolved by the usage of
sewage wastewater containing N, P, and K [15]. Gryshko and Korinovskaya [16] stated that
wastewater, on average, may contain N up to 1-3%, P up to 1-5%, and K up to 0.2-0.7%, so
it is an admirable resource of these macronutrients.

Constant municipal and industrial wastewater irrigation may cause the accretion
of heavy metals in soils as well as in plants [17,18]. These toxic metals have achieved
significant consideration in the world because of key environmental pollutants by its
toxic nature and accrual capacity [19]. Some heavy metals, at the miniscule level, can
disturb metabolic activities and are considered as critical for life [2]. However, if their
concentration crosses the standard limit in living organisms, these metals may provoke
many physiological and biochemical malfunctioning [20]. These heavy metals accruals
in plants and soils by wastewater result in the adulteration of soil and are disparaging to
animals and humans as their stockpile in the environment disturbs food safety [21].

Marginal-quality wastewater consumption for the production of medicinal as well
as ornamental plants (i.e., roses) can shield the tarnishing food web [22]. Oil-containing
ornamental and medicinal plants contain no adulteration, i.e., heavy metals in oils [23,24].
As ornamental plants are not utilized concurrently for food purposes, the severe treatment
of sewage wastewater is not recommended [25]. Being regarded as the “queen of flowers”,
rose has a lion share as an ornamental crop in the global floricultural market [6]. Itis a
perennial flowering woody plant with more than 20,000 cultivars cultivated worldwide
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and is used as cut flowers, interior decoration, garden plants, and, occasionally, for food
purposes [26]. In Pakistan, only four scented and oil-bearing species of roses are cultivated,
i.e., Rosa bourboniana, R. Gruss-an-teplitz, R. damascena, and R. centifolia. Freshwater is
mostly utilized for irrigation purposes to these roses and, hence, very rare information is
accessible to our farmers about the influence of marginal-quality TWW and UTWW. It was
first detailed in a comparative study to check the performance of four fragrant rose species
under these marginal-quality wastewaters irrigation in Pakistan. Therefore, the current
experiment aimed to enumerate the build-up of N, P, K, Na, and Ca concentrations in roots,
stems, leaves, and flowers of four scented Rosa species that were cultivated using TWW
and UTWW for irrigation in a peri-urban area of Faisalabad, Pakistan.

2. Results
Nutrient Concentration in Plant Parts

All experimental rose species revealed a statistically significant (p < 0.05) effect on N
concentration irrigated with TWW and UTWW during both years of study. The highest N
level was recorded in the roots, stems, and flowers of R. bourboniana, while R. Gruss-an-
teplitz contained the greatest N value in leaves during 2018 and 2019 (Figure 1). In the
roots, the mean N concentration was increased 0.77% and 5.05% under TWW conditions
and 0.1% and 11.68% under UTWW conditions compared to FW (control)-irrigated plants
in 2018 and 2019, respectively. The smallest N concentrations were found in R. centifolia
(2018) and in R. damascena (2019) under FW conditions. For stems, there were 0.59% and
5.1% enhancements under TWW and 1.14% and 11.55% increases in N concentration in
R. bourboniana under UTWW during 2018 and 2019, respectively. The leaves of R. Gruss-
an-teplitz showed 1.14% and 0.49% (during 2018), and 6.14% and 9.82% (during 2019) N
increases in TWW and UTWW compared to FW-irrigated plants, respectively. In flowers,
there were 0.17% and 0.69% increments during 2018, and 4.56% and 0.59% increases in N
levels during 2019 in R. bourboniana. The smallest N concentrations in the flowers of R.
Gruss-an-teplitz were exhibited under FW conditions, which were reduced by 2.27% and
12.51% during 2018, and 5.99% and 6.2% during 2019 under TWW and UTWW conditions,
respectively. The overall trend of N concentration was found in leaves > flowers > roots >
stems (Figure 1).
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Figure 1. Mean concentration of N in plant parts, i.e., flowers (A), leaves (B), stems (C), and roots
(D) of Rosa species under different irrigations. Each vertical bar represents the average of three
replicates. Different letters indicate significant differences among treatments at p < 0.05 according to
least significant difference test. R.B: Rosa bourboniana, R.C: Rosa centifolia, G.T: Gruss-an-teplitz, R.D:
Rosa damascena.

The greatest mean P concentration was found in the roots of R. centifolia under TWW
and UTWW during 2018 and 2019, respectively, followed by R. Gruss-an-teplitz with
UTWW (Figure 2). There were 4.34% and 12.96% increases in P levels with TWW (2018)
and UTWW (2019) compared to FW (control), respectively. During 2018, the stems of
R. centifolia contained the highest P level, while R. bourboniana contained the highest level
during 2019 under UTWW. The P levels were enhanced by 19.99% and 39.06% under UTWW
compared to FW-irrigated plants in R. centifolin and R. bourboniana, respectively. The lowest
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P concentrations were recorded in the roots and stems of R. bourboniana under FW during
both years of the experiment. The leaves of R. Gruss-an-teplitz contained the greatest P
concentration with UTWW, whereas the lowest value was found with R. damascena under
FW during 2018 and 2019 (Figure 2). Increases of 18.38% (during 2018) and 18.99% (during
2019) were exhibited with UTWW compared to FW. The smallest P value with FW-irrigated
plants was decreased up to —3.93% and —13.44% in 2018 and —22.88% and —23.63% in 2019
under TWW and UTWW, respectively. It was interesting to find that the P concentration
was reduced (-7.77%) with R. centifolia under UTWW compared to FW-irrigated plant leaves
during 2018. The flowers of R. centifolia and R. Gruss-an-teplitz contained the highest P
level under UTWW during 2018 and 2019, respectively (Figure 2). The P concentrations
were elevated by 9.74% (in 2018) and 12.37% (in 2019) in UTWW compared to FW-receiving
plants. The smallest P level was recorded under FW with flowers of R. bourboniana (—6.69%
TWW and —15.88% UTWW) and R. centifolia (—7.27% TWW and —9.21% UTWW). The
overall trend of P level was found in flowers > leaves > roots > stems (Figure 2).
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Figure 2. Mean concentration of P in plant parts, i.e., flowers (A), leaves (B), stems (C), and roots
(D), of Rosa species under different irrigations. Each vertical bar represents the average of three
replicates. Different letters indicate significant differences among treatments at p < 0.05 according to
least significant difference test. R.B: Rosa bourboniana, R.C: Rosa centifolia, G.T: Gruss-an-teplitz, R.D:
Rosa damascena.

During 2018 and 2019, the greatest K concentration was recorded in the roots of
R. damascena under UTWW, whereas the minimum K value was found in the roots of
R. centifolia under FW (Figure 3). The K concentration exhibited increments of 11.52% and
10.59% under UTWW compared to FW-irrigated plants in 2018 and 2019, respectively. In
the stems, the highest K concentration was observed with R. Gruss-an-teplitz under UTWW,
while the lowest value was recorded under FW with the stems of R. centifolia during both
experimental years. The K concentration exhibited decreases of 9.29% (during 2018) and
18.05% (during 2019) under FW compared to UTWW in R. Gruss-an-teplitz (Figure 3).
During 2018, the greatest K concentration (+4.55%) was found in the leaves of R. damascena
under UTWW followed by the same species under TWW (+4.38%). It was interesting to
note that the leaves of R. Gruss-an-teplitz showed the maximum K level in 2019 under
UTWW (+6.77%) followed by TWW (+2.41), while the minimum value was recorded in
the leaves of R. bourboniana under FW irrigation (Figure 3). In flowers, the highest K level
was recorded under UTWW (+10.11% than FW), followed by TWW (+9.18% than FW) in
R. Gruss-an-teplitz during 2018. R. centifolia flowers contained the lowest K concentration
under FW during the first experimental yeaR. In 2019, the flowers of R. centifolia under
UTWW possessed the highest K concentration followed by R. damascena under the same
irrigation regime. It exhibited 28.93% and 7.97% increments compared to FW. The lowest K
concentrations were found in the flowers of R. centifolia under FW irrigation, which were
—2.07% and —28.93% lower than those of TWW and UTWW, respectively. The overall
trend of K levels was found in leaves > roots > flower > stem (Figure 3).
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Figure 3. Mean concentration of K in plant parts, i.e., flowers (A), leaves (B), stems (C), and roots
(D), of Rosa species under different irrigations. Each vertical bar represents the average of three
replicates. Different letters indicate significant differences among treatments at p < 0.05 according to
least significant difference test. R.B: Rosa bourboniana, R.C: Rosa centifolia, G.T: Gruss-an-teplitz, R.D:
Rosa damascena.
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The mean Ca concentration in roots of R. centifolia under FW was greatest and statis-

tically significant (p < 0.05) during 2018 and 2019. The Ca levels exhibited reductions of
—20.71% and —21.65% in the roots of the same species irrigated with TWW and UTWW,
respectively (Figure 4). The lowest Ca concentration was recorded in the roots of R. bourbo-
niana and R. damascena under UTWW during both years of the experiment. These Ca values
with UTWW were —13.72% and —23.55% lower than those of TWW and FW, respectively.
In the stems, FW-irrigated plants of R. Gruss-an-teplitz contained the highest Ca level
followed by the same species under TWW during 2018 and 2019. The Ca level exhibited
reductions of —3.51 and —25.14% in 2018 and —5.22 and —14.91% in 2019 under TWW
and UTWW, respectively, compared to FW. The minimum value was recorded in R. dama-
scena during 2018 and in R. bourboniana during 2019 under UTWWk-irrigated plant stems
(Figure 4). The greatest Ca concentration was found in the leaves of R. Gruss-an-teplitz
followed by R. bourboniana under FW irrigation during 2018 and 2019. In 2018, increases
(with FW-irrigated plants) of +22.88% and +24.89% were exhibited in R. Gruss-an-teplitz,
and increases of +15.78% and +24.06% were exhibited in R. bourboniana compared to TWW-
and UTWWe-irrigated plants, respectively. The lowest Ca concentrations were recorded in
the leaves of R. damascena with UTWW during both years of the experiment. This Ca level
decrease in R. damascena under UTWW was —34.98% during 2018 and —27.22% during
2019 compared to FW-irrigated plants of the same species (Figure 4). As with that in leaves,
a similar trend was also observed in the flowers of R. Gruss-an-teplitz under FW followed
by the same species under TWW and UTWW during 2018 and 2019. The Ca level exhibited
increments of +6.47% and +9.99% during 2018 and +4.3% and +19.48% during 2019 under
FW as compared to TWW and UTWW), respectively. The minimum Ca concentrations were
observed in the flowers of R. damascena under UTWW, which were —10.71% and —13.21%
lower than those of FW-irrigated plants during 2018 and 2019, respectively. The overall
trend of Ca concentration was recorded in leaves > roots > stems > flowers (Figure 4).
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Figure 4. Mean concentration of Ca in plant parts, i.e., flowers (A), leaves (B), stems (C), and roots
(D), of Rosa species under different irrigations. Each vertical bar represents the average of three
replicates. Different letters indicate significant differences among treatments at p < 0.05 according to
least significant difference test. R.B: Rosa bourboniana, R.C: Rosa centifolia, G.T: Gruss-an-teplitz, R.D:

Rosa damascena.

The results showed that the greatest mean Na concentration was recorded in the roots
of R. centifolia under UTWW followed by the same species under TWW during both years
of the experiment. The Na content level exhibited elevations of +13.17% and +8.01% during
2018 and +24.83% and +15.1% during 2019 with UTWW and TWW, respectively, with
R. centifolia. The lowest Na concentration was recorded with the roots of R. bourboniana
under the FW irrigation source (Figure 5). The Na level in the stem was greatest with
R. bourboniana UTWW during 2018 and 2019. This increment under UTWW was +11.84%
and +4.25% compared to FW irrigation during 2018 and 2019, respectively (Figure 5). The
lowest Na concentration was found with FW-irrigated plants of R. damascena (during 2018)
and R. Gruss-an-teplitz (during 2019). In the case of the leaves of the Rosa species, the
greatest mean Na level was found in R. damascena and R. centifolia under UTWW during 2018
and 2019, respectively. It had a +15.19% increase in R. damascena and +12.62% increase in
R. centifolin compared to FW-irrigated plants. The lowest Na concentration was found in the
leaves of R. bourboniana during 2018 and 2019 under FW (Figure 5). The greatest mean Na
level in the flowers was found in R. centifolia during 2018, whereas in R. bourboniana during
2019, it was under UTWW-irrigated plants. This increase was +20.8% with R. centifolia and
+29.92% with R. bourboniana under UTWW as compared to FW-irrigated plants. The lowest
Na value was found under FW in the flowers of R. bourboniana and R. damascena during
2018 and 2019, respectively. The overall trend in Na concentration was noted in leaves >
roots > stem > flowers (Figure 5).



10 0of 18

Plants 2022, 11, 1260

B Year 2019

Year 2018

PO

PO Hgziaeasiis]

200 1

(3y/3wr) szomory ur N

(8>1/8wr) soAeo[ ST BN

T
(=3
(=}
—

(3y/8wr) swoys ur eN

Treated wastewater Untreated wastewater

Fresh water

(3y/3w) sj001 ur BN

Figure 5. Mean concentration of Na in plant parts, i.e., flowers (A), leaves (B), stems (C), and roots
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least significant difference test. R.B: Rosa bourboniana, R.C: Rosa centifolia, G.T: Gruss-an-teplitz, R.D:

Rosa damascena.
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3. Discussion

Roses have been categorized as salt-tolerant up to 3.8 dS/m [27], sensitive [1], and
severely sensitive to salinity [28] with an EC level as low as 0.8-1.0 dS/m. Contrarily,
Dyubeni et al. [29] also noted that some rose species could resist up to 6.0 dS/m without
upsetting flower quantity and quality. This study showed a difference in response of Rosa
species to various macronutrients and even their contents in different parts, i.e., root, stem,
leaves, and flowers. Similar results were obtained by Alghobar and Suresha [30] where
the concentrations of N, P, K, Ca, and Na were significantly elevated in different parts
of tomato plants when irrigated with municipal wastewater as compared to freshwater-
irrigated plant samples. Similar findings were also reported by Salehi and Tabari [31] when
pine trees were irrigated with untreated urban wastewater for two years and found higher
concentrations of EC, pH, Na, Mg, N, P, K, and Ca in roots and needle-shaped leaves of
pine trees compared to well water-irrigated plants. These higher nutrient levels are due to
higher salts and other macronutrients levels in wastewaters that were used continuously
for irrigation to these plants [32].

Nitrogen is an essential macronutrient that plays an important role in plant biochem-
istry, contributing to the formation of compounds vital to plant life such as proteins, amino
acids, and nucleic acid [33]. Nitrogen is used particularly in nitrate form by plants, which
is a soluble compound. Smirnoff and Stewart [34] stated that plants of the Rosaceae family
are experts in the utilization of N in nitrate form. Wastewater is a cheap source of N in
nitrate form for the crop plants [35]. It was observed that the N contents in plant parts
varied due to the different irrigation regimes during this study, while a significant elevation
of N was noted in the leaves and flowers than roots of Rosa species irrigated with both
wastewater treatments. This significant buildup was the consequence of N supply by
TWW and UTWW as its absorption by plant parts, especially leaves [6]. This upsurge can
be accredited to N migration from the roots to leaves and flowers [36]. The application
of wastewater for a long-term duration led to a reduction in crop nutrient status due to
nutrient leaching and reduction in crop size [37]. Similar findings were also obtained in
this study where the N contents were higher in all plant parts for the first year than the
second year of experiment. When utilizing TWW and UTWW for irrigation, the increase
in crop productivity is linked with the type of plants and concentration of nutrients in
wastewaters [2]. Plants of R. bourboniana contained a higher N level than other species,
while R. centifolia possessed the lowest. This was due to species variation, which affects
crop yield traits including the plant morphology, flower quality, yield, and composition of
elements in plant parts [38].

Phosphorus is the second-most essential crop nutrient after N [39]. It plays a key role
in plant functioning and is a vital component of proteins, sugar phosphate, phospholipids,
enzymes, and energy-rich phosphate compounds [36]. According to Yuan et al. [40],
municipal wastewater contains 1-5% of P, which is a cheap source compared to other
artificial fertilizers. Contrary to N, the concentration of P was highest in R. centifolia than
other Rosa species during this experiment. Both wastewaters (TWW and UTWW) caused
elevations in P contents in the plant parts of roses under study. These results are in line with
the findings of Al-Karaki et al. [41] who stated that TWW and UTWW are large sources of
P contents at the plant nutrient level. Shahbazzadeh and Amirineiad [42] compared the
P concentration in horticultural crops cultivated under municipal wastewater and well
water and observed a significantly higher quantity of P in wastewater-irrigated plants than
well-watered horticultural plants. Furthermore, the long-term application of wastewater
adds more P levels to plants than short-term wastewater application [38]. Similar findings
were also recorded during this study where the P contents were higher in all parts of Rosa
species during 2019 as compared to 2018. As the P contents were within permissible levels
with all irrigation regimes, UTWW contained the highest P level compared to FW and
TWW. Chiou [43] stated that TWW leads to a higher accumulation of P in soil and plants,
which made it hazardous for the growth of food crops, so this treated wastewater should
be applied to ornamental crops.
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Potassium availability may result due to wastewater irrigation, which may corre-
spond to or be in excess to plant necessities [44]. Potassium is involved in many physio-
biochemical functions such as the regulation of transportation of stomata in plants [45] and
enhances plant tolerance to different stresses such as drought and salinity [8]. Similarly,
K is involved in the activation of some enzymes responsible for plant metabolism [46].
Studies have shown that the K concentration increases in plant parts as the K level rises
from FW to TWW and UTWW. This increment was credited with the steady supply and
obtainability of these nutrients to plants after every irrigation with TWW and UTWW [6,47].
As with our study, Nicolas et al. [48] observed higher contents of macronutrients (N, P, and
K) in plant parts due to the continuous irrigation of wastewater as compared to ground
wateR. This nutrient uptake elevation in Rosa species might be due to a sufficient amount
of these nutrients in the plant root zone through wastewater irrigation [49]. It could also
be due to the high transformation rate of soil nutrients via microbiological activities in the
soil, which led to an elevated bioavailability of nutrients to plant species and consequently
resulted in higher contents in plant biomass [50]. There was no significant change in K
contents with Rosa centifolia compared to other species, due to the change in irrigation
regime in this study. These findings are in contrast with the results of Dysko et al. [51] who
reported P contents in tomato plants when salts and nutrient contents were increased in
wastewaters. This might be due to nutrient variations from plant species to species, the
concentration of heavy metals in water sources, exposure time, the environment/medium
in which plants were grown, and different parts of each plant depending on the nutrient
absorption rate from the soil by the rose plants [52].

In addition to three major macronutrients N, P, and K in TWW and UTWW as eluci-
dated earlier, the presence of other essential nutrients such as Ca (essential component of
cell wall) might have also played a key role in cell divisions, regulating ions transporta-
tion [53], and its presence in wastewater could also have proved valuable for plant growth
and development [54]. Previous findings have shown that TWW and UTWW (to some
extent) improves the biomass of microbes, soil water holding capacity (WHC), organic
matter contents in soil (OM), and porosity, which leads to favoring plant growth and
increases biomass [55-58]. In the same line, Wang et al. [59] noted that after the application
of TWW, OM and WHC increase in the soil, which helps plants to attain nutrients. Thus,
the use of wastewaters for irrigation increases the fertility status of soil [48,60] and can offer
soil with nutrients (N, P, K, Ca, Mg, Na, etc.). In the present study, Ca contents showed a
decreasing trend due to the application of TWW and UTWW, which contained higher metal
concentrations in all plant parts of Rosa species. Similar results were also found by Al-Absi
et al. [61] who showed that wastewater due to the presence of heavy metals caused Ca
deficiency in some crops. This decreasing value to Ca under TWW and UTWW irrigation
might be due to higher Mg and other nutrients (especially K) contents, which could have
acted antagonistically to the Ca uptake by the roots [60]. According to documentation of
McDonnell et al. [62], an elevation in K level in plants is accompanied by a reduction in the
contents Ca and Na.

Sodium is a vital beneficial element, which may kindle growth by expansion of the cell
in addition to plant water balancing [8]. Wastewaters used in this experiment contained
Na levels within permissible limits according to national environmental quality standards
(NEQSs) of wastewater for irrigation to plants. In the present research, Na contents
increased for the second year as compared to the first year of study. This could be due to
the higher concentration of Na in both wastewater treatments compared to FW, and the
continued application of this wastewater elevated the Na buildup in all parts of Rosa species.
Bedbabis et al. [63] illustrated that the Na level was found to be elevated under TWW than
FW. Batarseh [64] found higher contents of Na and K accompanied by higher ECs in TWW
and UTWW. These results were contrary with the findings of McDonnell et al. [62], who
stated that an excess of K in plant parts leads to a reduction in Na concentration. Alghobar
and Suresha [65] stated that UTWW and TWW significantly increased the concentration
of Na in plant tissues of rice crops. He verified our results and further explained that Na
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contents increased with the increase in wastewater with the order of UTWW > TWW > GW
in plant parts. This could be related to the quantity of sufficient nutrient elements present
in the wastewater that were accumulated in plant parts.

4. Materials and Methods
4.1. Research Area Description, Plant Collection, and Experimental Layout

The current research study was carried out from the first week of January 2018 to the
last week of December 2019 at the Research Area of Institute of Horticultural Sciences, Uni-
versity of Agriculture, Faisalabad, Pakistan. The research region was in a semi-arid climate
with fright annual rainfall. The mean monthly minimum and maximum temperature range
(°C) are illustrated in Figure S1. The experimental field vicinity was irrigated by sewage
wastewater from the University. At depths of 15 cm and 30 cm, 16 sites were randomly
selected for soil sampling. These composited soil samples were analyzed by standard
procedures proposed by the U.S. Salinity Laboratory Staff [66], and data are expressed
in Table 1.

Table 1. Composition and analysis of soil before experiment.

SR. No. Characteristics Unit Value IASS *
1 Texture Clay loam soil
00-15cm 15-30 cm
2 pH 8.2 8.2 4-8.5
3 EC dSm™! 2.54 2.49 4
Organic o
4 Mitter % 112 1.18 >0.86
5 Nitrogen mg/kg 0.041 0.041 —
6 Phosphorus mg/kg 10.5 9.5 >7.0
7 Potassium mg/kg 194 134 >80
8 Lead mg/kg 3.16 3.32 6.0
9 Cadmium mg/kg 0.04 0.05 1.0
10 Nickel mg/kg 0.36 0.34 20
11 Zinc mg/kg 5.28 3.6 10
12 Copper mg/kg 3.04 2.3 6.0

Source: * International Agricultural Soil Standards [67,68].

Irrigation waters and scented Rosa species were two treatment factors of this study.
Vigorous and healthy cuttings of two-years-old rose species were collected from the De-
partment of Floricultural Research, Faisalabad. These 20 cm long cuttings were planted in
pits (0.3048 m? depth) with 1.22 m plant-to-plant distances according to the randomized
complete block design (RCBD) with two-factor factorial arrangements with three repli-
cates. These cuttings were irrigated with freshwater (FW), treated wastewater (TWW),
and untreated wastewater (UTWW). Irrigation was applied after every 06-08 days during
November to March, whereas this interval was reduced to 03-05 days from April to October
depending on weather conditions.

4.2. Decontamination of Wastewater and Analysis

Contaminated raw wastewater was treated by the process of solar purification to
recover its physio-chemical qualities [69,70]. Raw sewage wastewater was treated in three
large plastic tanks with 1550 gallons of water storage capability in three steps. The first
tank was filled with raw wastewater via a pipe whose opening was covered with a sieve of
6 mm holes as a preliminary treatment to stop the grits and exclude source solid materials
often found in untreated wastewater [71]. For sunlight penetration, the upper portion of
the tank was kept uncovered as a natural purification process. Wastewater was stored
for five days in this tank for the elimination of settleable organic and inorganic material
by sedimentation and removal of floating material by skimming. This primary treated
wastewater was shifted to the second tank (positioned 2.5" away and 2’ below the first tank)
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for sedimentation of tiny particles and further purification for five days. Water treated in
the second tank was shifted to the third tank for further sedimentation for the next five
days. Water obtained after 15 days of the purification process was applied to plants as
treated wastewateR. According to standard methods proposed by Eaton et al. [72], the
physico-chemistries of experimental waters and various nutrients and chemicals were
quantified using inductively coupled plasma optical emission spectroscopy (ICP-OES,
Optima 2100-DV Perkin Elmer, USA) at the Nuclear Institute of Agriculture and Biology
(NIAB), Faisalabad.

Water samples (FW, TWW, and UTWW) were analyzed at ICP-OES. There were
higher EC, BOD, and COD levels in samples of both wastewaters, while the nitrogen (IN)
and metals (Cd, Co, Pb) concentrations were above the standard limits set by national
environmental quality standards (NEQSs) under UTWW. The samples of FW possessed
values within recommended levels (Table 2).

Table 2. Analysis of freshwater, treated wastewater, and untreated wastewater.

SR. No. Parameters Untreated Wastewater Treated Wastewater Freshwater NEQS
1 EC (dS/m) 213 1.43 0.13 1.5
2 pH 8.31 7.58 7.22 6-9.2
3 Color Greyish Rust Brown - -

4 Turbidity 155 29.12 43 -
5 Hardness (mg/dm?) 536 416 184 -
6 DO (mg/dm?) 1.36 2.38 4 -
7 BOD (mg/dm?) 432 267 - 260
8 COD (mg/dm?3) 558 481 - 450
9 TDS (mg/dm?) 1678 1281 218 3000
10 SS (mg/dm?) 1.1 0.15 0.8 -
11 Total Solids (mg/ dm?) 1372 982 218 -
12 TSS (mg/dm?) 194 63 17 400
13 Chlorides (mg/dm?) 436 290 138 1000
14 Cadmium (mg/dma) 0.013 0.01 0.001 0.01
15 Nickel (mg/dm?) 0.12 0.08 0.10 1.0
16 Arsenic (mg/dm3) 0.005 0.004 ND 1.0
17 Zinc (mg/dm?3) 3.48 2.62 0.18 5.0
18 Potassium (mg/dm?) 34.6 21.71 7.61 -
19 Lead (mg/dm?) 0.66 0.42 0.021 0.5
20 Iron (mg/dm3) 4.82 3.47 0.32 5.0
21 Cobalt (mg/dm?3) 0.079 0.029 0.17 0.05
22 Copper (mg/dm?) 0.24 0.13 0.05 0.5
23 Chromium (mg/dm?) 0.98 0.73 0.04 1.0
24 Calcium (mg/ dm3) 57.35 39.72 28.1 200
26 Sodium (mg/ dm?) 236.91 178.23 36.47 250
27 Magnesium (mg/ dm?) 63 47 30 150
28 Phosphorus (mg/dm?) 2.49 1.76 0.39 15
29 Total Nitrogen (mg/dm?) 6.10 4.87 3.84 5.0

NEQS: National Environmental Quality Standards for municipal wastewater of Pakistan; Standard value of NEQS;
EC: Electrical conductivity; DO: Dissolved Oxygen; BOD: Biological Oxygen Demand; COD: Chemical Oxygen
Demand; TDS: Total Dissolved Solids; SS: Settleable Solids; TSS: Total Suspended Solids: ND: Not Detected.
NEQS source: [68].

4.3. Determination of Nutrient Elements
Estimation of Nutrients in Plant Parts of Selected Rosa Species

About 100 g samples of roots, stems, leaves, and flowers of Rosa species were collected
and dried in the shade and an electrical oven for 72 h at 70 °C. These dried samples were
taken and grinded to a fine powder for determination of N, P, K, Ca, and Na levels in
plant parts. Total N, P, and K concentrations were determined according to the method
suggested by Chapman and Parker [73]. Potassium, Ca, and Na contents were determined
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by using the flame photometric analysis (410 Sherwood flame photometer, Cambridge, UK)
suggested by Anonymous [74].

4.4. Statistical Analysis

By using the all-experimental data, an analysis of variance (ANOVA) was performed
by using computer program STATISTIX (8.1). Treatment factors (irrigation water and Rosa
species) means were compared according to the least significant difference (LSD) test at the
5% level of probability [75].

5. Conclusions

Treated wastewater and untreated wastewater significantly increased the nutrient
concentration (except Ca contents, which were higher with FW irrigation) in the studied
plant parts of all fragrant roses. Untreated wastewater possessed and transferred the
highest nutrient (N, K, Ca, and Na) concentrations in the leaves, while the P level was
maximum in flowers compared to other plant parts of Rosa species. Based on these findings,
variations in nutrient absorbance and transportation status in different parts of fragrant
roses were demonstrated. Furthermore, the application of TWW and UTWW for fragrant
roses can be suggested, but the unceasing monitoring and management of toxic substances
in underground water is a precondition to save freshwater sources and ultimately the
environment. Long-term research also needs to be performed, even for these sweet-scented
Rosa species, as the present experiment was based only on the results from 2 years.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/plants11091260/s1, Figure S1: Mean monthly minimum and maximum temperature (°C)
during the experimental period.
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