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Abstract

This study investigates the effects of Spirulina platensis, Chlorella vulgaris, leaves powder of Salix alba, and ethylenediami-
netetraacetic acid treatments on the biochemical and yield traits of Phaseolus plants grown under wastewater irrigation. In
addition, to assess the uptake and accumulation of heavy metals into the edible plant part. Water samples were obtained from
each irrigation source (fresh tap water and untreated wastewater collected from El-Rahawy drain, Giza, Egypt); the plants were
treated with our treatments (3 g per kg soil) at the beginning of the experiment (mixed fully into the soil). The results observed
that the irrigation of Phaseolus plants with wastewater markedly stimulated the free proline contents, total phenols, superoxide
dismutase, catalase, peroxidase, polyphenol oxidase, lipid peroxidation, and abscisic acid throughout the two growth stages.
Indole acetic acid, gibberellic acid, yield parameters, total soluble carbohydrate, and protein in seeds were significantly reduced.
The concentrations of nickel (Ni), cadmium (Cd), lead (Pb), and cobalt (Co) in Phaseolus seeds were significantly increased
beyond recommended limits set by international organizations. However, our treatments significantly reduced the contents of
Ni, Cd, Pb, and Co in seeds; free proline; total phenols; superoxide dismutase; catalase; peroxidase; polyphenol oxidase; lipid
peroxidation; and abscisic acid in Phaseolus plants. Moreover, indole acetic acid, gibberellic acid, all yield traits, and seed
components were enhanced. This study concluded that Spirulina platensis and salix leaves powder being economically and

environmentally friendly can be considered an efficient strategy to mitigate the harmful effects of wastewater on plants.
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1 Introduction

The common bean (Phaseolus vulgaris L.), family:
Fabaceae, is the most essential international legume for
direct human consumption and is a source of dietary fiber,
calories, proteins, minerals, and vitamins for millions of
people worldwide (Gad 2019). In Egypt, it is regarded as
one of the most important leguminous vegetable crops, hav-
ing a significant economic importance because of its use for
local and international trading. It occupies the second grade
in export among the legume crops (AbdEl-Baki et al. 2022).

The limitation of freshwater for agriculture irrigation is a
global challenge, especially in countries located in the arid
region like Egypt. Therefore, many farmers in Egypt had
to irrigate their crops using wastewater (USAID 2010). In
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Egypt, Antar et al. (2012) stated that at least 240,500 feddans
in North Delta are irrigated with wastewater from Al-Ghar-
biyyah Al-Raisi drain because of the shortage of freshwater.
Abdelrazek (2019) showed that about 800,000 feddans are
irrigated with wastewater from Bahr El-Baqar drain, which
is located in the eastern part of the Nile Delta, Egypt.

Plants irrigated using heavy metals (HMs)-contaminated
water can carry these metals from their roots and translocate
them to various edible parts, where they can accumulate to
toxic levels (Nzediegwu et al. 2019). The elevated level of
HMs in the edible parts of food crops with continuous waste-
water (WW) irrigation resulted in many studies, demonstrating
that plants irrigated with WW are generally contaminated with
HMs, which poses a serious human health concern (Ahmed
and Slima 2018; Hussain et al. 2019). Chronic exposure to
the heavy metals, e.g., Ni, Cd, Pb, and Co, can lead to various
human disorders, such as kidney dysfunction, liver damage, and
other serious human health problems (Al-Swadi et al. 2022).

Kanwal et al. (2020) studied the effect of wastewater irri-
gation on the yield traits of the wheat plants; they reported
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that all yielded parameters, e.g., number of grain/plant, grain
weight/plant, 1000-grain weight, and harvest index were
reduced by 90%, 88%, 44%, and 61%, respectively. Gupta
et al. (2008) studied the effects of wastewater irrigation on
the accumulation of heavy metals in some vegetables; they
found that the concentrations of Pb, Zn, Cd, Cr, and Ni in
all the examined vegetables (Lactuca sativa, Mentha viridis,
Brassica oleracea, Apium graveolens, Spinacia oleracea,
Coriandrum sativum, Carum petroselinum, Allium tubero-
sum, and Raphanus sativus) were beyond the safe limits. In
Egypt, many investigators also studied in detail the effect
of wastewater irrigation on different plant species. In this
regard, Mussarat et al. (2021) studied the accumulation of
heavy metals in the wheat plants irrigated with wastewater;
they found that the wheat plants irrigated with wastewa-
ter contained high Zn, Mn, Pb, Ni, and Cd in their edible
parts (grains) compared to those irrigated by ground water.
Similar results were recorded by Elgharably and Mohamed
(2016) in wheat, bean, and onion plants.

Removal of HMs from wastewater was conducted using
various techniques. Multiple studies have focused on marine
algae’s efficiency to chelate heavy metals from contaminated
wastes (Ahluwalia and Goyal 2007). Both live and dead
algae biomass can be used as adsorbents for heavy metals
(Mehta and Gaur 2005), but the recent studies have dem-
onstrated that dead algae may be more effective for metal
chelation and more cost-effective than living cells because
inactive algae require neither food nor essential elements for
biological growth and dead biomass is not affected by the
toxicity of metal ions (Pham et al. 2021).

The dried materials of plants were widely used for heavy
metal chelation during wastewater treatments, e.g., lettuce
leaves, peat and nut shells, coconut shells, rice husk, tea
waste, peanut hulls, almond shells, peach stones, citrus peels,
wheat bran, and many others (Shartooh et al. 2014; Renu et al.
2017). Salix (Salix alba) dried materials are rich in many bio-
active and biostimulant compounds including salicylic acid.
Salicylic acid (SA) was investigated by authors and proved to
be effective chelating agents for HMs. Popova et al. (2012)
showed that salicylic acid application was highly effective
in heavy metal chelation, that way reducing the heavy metal
bioavailability and toxicity on plants. In addition, as a novel
endogenous plant hormone, salicylic acid is considered to
have beneficial physiological effects on plants growing under
HM stress (Sharma et al. 2022). The results of numerous
researches showed that several SA application methods can
alleviate the stress effects of many HM elements in varieties
of crops (Sharma et al. 2020).

Synthetic chelating agents, such as ethylenediaminetet-
raacetic acid (EDTA), are the most effective chelating agents
used for heavy metal removal because they have a strong
chelating ability for different metals (Jean-Soro et al. 2012;
Oh and Yoon 2014).
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This study aimed to assess the effects of wastewater on
some metabolic aspects and yield of common bean (Phaseo-
lus vulgaris L.) plants. Moreover, the study was undertaken
to investigate the potential of natural dry algae powder (Spir-
ulina platensis and Chlorella vulgaris), salix plant powder, and
EDTA treatments to alleviate the adverse effects of wastewater
on metabolism and yield of the study plant. Additionally, a
special attention would be paid to evaluating the uptake and
accumulation of heavy metals in edible plant parts.

2 Materials and Methods
2.1 Materials

The common bean seeds (Phaseolus vulgaris L.), Giza 6,
were obtained from Agricultural Research Center, Minis-
try of Agriculture, Giza, Egypt. Natural Spirulina platensis
and Chlorella vulgaris in the form of algae powder were
obtained from the National Research Center, Giza, Egypt.
Fresh leaves of the salix plant (Salix alba) were acquired
from Botanical Garden, Agriculture Research Center, Giza,
Egypt. The leaves were air dried for a few days until a con-
stant dry weight, and then crushed into a fine powder.

2.2 Water Sampling

Water samples were obtained from each irrigation source
(fresh tap water and wastewater effluent). Wastewater sam-
ples were obtained from El-Rahawy drain (30°11'12.3"N
latitude and 31°02'53.3"E longitude), Giza, Egypt, which
receives all sewage from EI-Giza governorate in addition
to agricultural and domestic wastes of El-Rahway village
without treatment. The wastewater samples were obtained
in plastic bottles and used in irrigation.

3 Methods of Planting, Treatments,
and Collection of Plant Samples

A pot experiment was conducted under the field conditions
of the Botanical Garden, Botany and Microbiology depart-
ment, Faculty of Science, Al-Azhar University, Nasr City,
Cairo, Egypt during the Nile (autumn) season (starting
from September 1, 2020). The common bean seeds were
surface sterilized by 3.5% sodium hypochlorite for 20 min
and washed many times with distilled water. The seeds were
planted in pots (pot height, 30 cm; top diameter, 30 cm; base
diameter, 20 cm), containing 6.0 kg of clay soil (six seeds
were sown in each pot, thinning was carried out after seed-
ling advent, and four plants were kept per pot). The pots
were divided into six groups (each group has five replicates),
representing the following treatments:
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I. fresh tap water (control).

II. wastewater (WW).

IIT; IV; V; and VI. each contains wastewater + (Spirulina
platensis (Sp); Chlorella vulgaris (Ch); leaves of Salix
alba (SA); and ethylenediaminetetraacetic acid (EDTA)
3 g kg™! soil by mixing the materials fully into the soil
individually.

The plants of each group were treated with the above-
mentioned treatments (as chelate into soil) from the begin-
ning of the experiment. The developed plants were irrigated
by fresh tap water (control) and collected wastewater with
1000 mL per pot, every 4 days for 4 weeks. Then, the irriga-
tion intervals were increased to be every 7 days until the end
of the experiment (on November 30, 2020). Three fertiliza-
tions were done during the experimental period at 14, 28,
and 35 days after planting. On the two first fertilizations,
each pot awarded 240 mg dm~> of MgNO, and 250 mg dm™>
of KNOj;. On the last fertilization, 100 mg dm™? of urea
was applied per pot. All pots received the same amount of
fertilizers in the form of a nutrient solution.

The plant samples were collected for analysis when the
plants were 30 (stage I) and 45 (stage 1) days old from plant-
ing. At the end of the growth season (90 days), analysis of
the yield from the different treatments and the control was
conducted.

4 Analysis Technique
4.1 Water Analyses

Electrical conductivity (EC), total dissolved solids (TDS),
and pH of fresh tap water and wastewater were measured
using pH/electric conductivity meter (914 pH/Conductom-
eter-Metrohm AG). Then, water samples were acidified
directly with nitric acid (1-mL HNO; L™") for metal analy-
sis (APHA 1999) and measured using a Perkin-Elmer 3100
Atomic Absorption Spectrophotometer. The phosphorus
(P) was determined by the molybdenum blue method using
a spectrophotometer (UNICO Vis Model 1200, USA) set
at 700 nm, and the potassium (K) was determined using
Flame Photometer, CORNING M410. All these procedures
were according to Allen et al. (1974). Ammonia—nitrogen
(NH;-N) was estimated calorimetrically by the nessleriza-
tion method described by (Golterman 1991) as following the
test solution (20 mL) was mixed; while shaking, with 1 mL
of sodium salicylate solution followed by 1-mL Nessler’s
reagent then made up to 25 mL, the developed color was
measured after 15-30 min at 420 nm. Chemical oxygen
demand (COD) was determined by titrimetric analysis (Pit-
twell 1983), while biochemical oxygen demand (BOD) was
estimated by the 5-day BOD method (Delzer and McKenzie

2003). The tolerable limits of some metal ions in drinking
water were determined by WHO (2022) and Egypt-decree
(2013), Table 1.

4.2 Soil Analyses

The collected soil samples were air-dried and digested
using the acid digestion (HNO;/H,SO,/HCIO, (5:1:1, v/v/v)
for 8 h at 80 °C) method adopted by (Wade et al. 1992).
Digestion was continued until the solution became clear.
The transparent digests were filtered using a 0.45-pm pore
size cellulose nitrate membrane filter paper (Millipore) and
diluted up to 50 mL with distilled water. Soluble cations,
anions, and HMs contents were determined using a Perkin-
Elmer 3100 Atomic Absorption Spectrophotometer. The
total soluble nitrogen (N) was determined by the Kjeldahl
method (Pirie 1992) and phosphorus (P) by the molybde-
num blue method using a spectrophotometer (UNICO Vis
Model 1200, USA) set at 660 nm in case of N and 700 nm in
case of P. In addition, potassium (K) was determined using
Flame Photometer (CORNING M410). All these procedures
were according to Allen et al. (1974). Soil reaction (pH), (1
soil: 5 water), electrical conductivity (EC), (1 soil: 5 water),
and total dissolved solids (TDS) were measured according
to (Page 1982) using pH/electric conductivity meter (914
pH/Conductometer-Metrohm AG). The maximum tolerable
limits of some metals ions in soils as established by WHO
(2022) as presented also in Table 2.

4.3 Plant Analyses

4.3.1 Determination of Non-enzymatic Antioxidant
Contents

Free Proline Contents of free proline were estimated
according to the method described by (Bates et al. 1973).
In this method, 0.5-g dry plant material was homoge-
nized in 10-mL (3%) sulfosalicylic acid. The homogen-
ate was filtered using Whatman No. 2 filter paper. Two
milliliters of the filtrate reacted with 2-mL acid ninhy-
drin (prepared by warming 1.25-g ninhydrin in 30-mL
glacial acetic acid and 20 mL 6-M phosphoric acid, with
agitation, until dissolved, then kept cool) and 2 mL of
glacial acetic acid in a test tube for 1 h in a boiling water
bath. The reaction terminated in an ice bath. The reaction
mixture was extracted with 4-mL toluene, mixed vigor-
ously by a test tube stirrer for 15-20 s. The chromophore
containing toluene was aspirated from the aqueous phase,
warmed to room temperature, and the absorbance read to
520 nm using UV-spectrophotometer (UNICO Vis Model
1200, USA). Proline content was expressed as mg g~
dry mass (DM).

@ Springer
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Table 2 Physicochemical analyses of soil sample

Soil characters Soil sample

Soil characters

Soil sample Tolerable limits

(WHO 2022)
Texture Clay Macro- and micronutrients N 22.18+0.11 -
pH 7.40+0.03 (mg kg™" soil) p 19.15+0.09 -
EC (dSm™) 10.38+£0.11 S 35.46+0.15 -
TDS (mg kg™") 6640.00+0.11 Fe 0.43+0.04" 7
Cations Ca*t 4.78+0.07 Zn 0.13+0.06" 50
(mmole L™") Mg? 1.28+0.04 Cu 1.37+0.03" 100
K* 0.28+0.01 Mn 0.39+0.07" 20
Na* 97.41+0.13 Heavy metals (mg kg~! soil) Ni 0.20+0.03" 5.00
Anions cr 98.02+0.10 Cd 0.01+£0.00" 0.7
(mmole L™ co.> 0 Pb 0.93+0.05" 50
HCO,~ 1.66+0.06 Co 0.04+0.01" 65
S0, 4.07+0.08

Data represents means + standard error (n=5). * Significant (independent Student's #-test, p <0.5)

EC, electrical conductivity; TDS, total dissolved solids

Total Phenol Total phenolic compounds (mg 100 g~! DM)
were performed according to the method described by (Daniel
and Martin 1972) as follows: 1-g dry-defeated ground leaves
were extracted in 5- to 10-mL 80% ethanol for at least 24 h
at 0 °C; the alcohol was clarified. The remained residue was
reextracted with 5- to 10-mL 80% ethanol thrice. In the end,
the clarified extract was completed to 50 mL using 80% etha-
nol. An aliquot of 0.5 mL of the previous extract and 0.5-mL
Folin-Denis reagent were well mixed in a dry test tube; the
tube was shaken thoroughly for 3 min. About 1.0-mL satu-
rated Na,COj; solution (35%) was added, mixed well; and
3-mL distilled water was also added. After 1 h, the develop-
ment color was read at 725 nm by a UV-spectrophotometer
(UNICO Vis Model 1200, USA) using 0.5-mL 80% ethanol
and reagents only as a blank.

Assays of Enzymatic Antioxidant Activities Extraction of
enzymes was according to Mukherjee and Choudhuri (1983)
as follows: 2-g plant terminal buds and the first and second
young leaves were homogenized with 10-mL phosphate
buffer pH 6.8 (0.1 M), then centrifuged at 2 °C for 20 min
at 20,000 rpm in a refrigerated centrifuge. The clear super-
natant (containing the enzymes) was taken as the source of
the enzyme.

Superoxide Dismutase (SOD) Superoxide dismutase activi-
ties were estimated using the method of Marklund and
Marklund (1974), the solution (10 mL) consisting of 3.6-
mL distilled water, 0.1-mL enzyme, 5.5-mL of a 50-mM
phosphate buffer (pH 7.8), and 0.8 mL of 3-mM pyrogallol
(dissolved in 10-mM HCI). The rate of pyrogallol reduction
was measured at 325 nm with a UV-spectrophotometer. One

unit of enzyme activity was defined as the amount of enzyme
that resulted in 50% inhibition of the auto-oxidation rate of
pyrogallol at 25 °C.

Catalase (CAT) The catalase activity was assayed by fol-
lowing the consumption of H,0, at 240 nm with a UV-
spectrophotometer for 60 s (Aebi 1983). The assay mixture
contained a 100-mM potassium phosphate buffer (pH 7.0),
15-mM H,0,, and 50-mL sample extract in a 3-mL volume.
One unit of enzyme activity was defined as the amount of
enzyme that reduced 50% of the H,O, in 60 s at 25 °C.

Peroxidase (POX) Peroxidase activities were determined
according to the method of Bergmeyer et al. (1974) as fol-
lows: The reaction mixture containing 5.8 mL of a 50-mM
phosphate buffer at pH 7.0, 0.2-mL enzyme extract, and
2 mL of 20-mM H,0, after addition of 2 mL of 20-mM
pyrogallol; the rate of increase in absorbance as pyrogallol
was determined spectrophotometrically using a UV-spectro-
photomer within 60 s at 470 nm and 25 °C.

Polyphenol Oxidase (PPO) Polyphenol oxidase activities were
measured according to the methods of Kar and Mishra (1976).
The substrate used composed 0.1-M catechol in a sodium ace-
tate buffer (pH 5.0). The reaction occurred at 30 °C for 60 min,
and the readings were done at 395 nm (Ultrospec 2000). Poly-
phenoloxidase activities were expressed as changes in the opti-
cal density min~! g~! fresh mass (FM).

Lipid Peroxidation Assay Lipid peroxidation was assayed as

malondialdehyde (MDA) content in fresh leaves according
to that method described by Zhang et al. (2015), 2 mL of
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5% trichloroacetic acid (w/v) was added to fresh leaf sam-
ples (0.2 g), which was then grounded, and the resulting
homogenate was subsequently centrifuged at 10,000 rpm for
10 min at 4 °C. Afterward, 2 mL of 0.67% thiobarbituric
acid (w/v) was added to 2 mL of the resultant supernatant,
after which the mixture was kept in boiling water bath for
30 min, and then centrifuged at 10,000 rpm for 10 min at
4 °C. The absorbance of the supernatant was subsequently
measured at 450 nm, 532 nm, and 600 nm. The MDA con-
tent was then calculated based on the following formula:

MDA = 6.45 X (A532 — A600) — (0.56 x A450)

The lipid peroxidation levels were expressed as micro-
moles of MDA per gram of fresh mass (umol g~! FM).

5 Determination of Phytohormone Contents

The extraction method of endogenous acidic phytohormones
was adopted by Shindy and Smith (1975) and described by
Hashem (2016). To estimate the amounts of indole acetic
acid (IAA), gibberellic acid (GA;), and abscisic acid (ABA),
plant hormone fractions and standard ones were methylated
according to Vogel (1975) to be ready for gas chromatogra-
phy analysis. A flame ionization detector was used for the
identification and determination of acidic hormones using
Hewlett Packard Gas Chromatography (5890) fitted and
equipped with an HP-130-m X 0.32-mm X 0.25-mm capillary
column coated with methyl silicone. The column oven tem-
perature was programmed at 10 °C min~! from 200 (5 min)
to 260 °C and kept finally to 10 min. Injector and detector
temperatures were 260 and 300 °C, respectively. Gas flow
rates were 30, 30, and 300 cm s~! for N,, H,, and air, respec-
tively, and the flow rate inside the column was adjusted to

2 mL min~".

5.1 Determination of Total Soluble Carbohydrate
and Protein

Total soluble carbohydrates were estimated and measured
UV-spectrophotometrically (UNICO Vis Model 1200, USA)
by using anthrone-sulfuric acid according to the method of
Umbriet et al. (1959). Contents of total soluble proteins were
determined by using Bio-Rad protein assay according to the
methods of Lowery et al. (1951) and measured using a UV-
spectrophotometer (UNICO Vis Model 1200, USA).

5.2 Determination of Plant Heavy Metal Contents

Heavy metal contents in various samples of plants under study
(edible plant parts) were determined according to Parkinson

@ Springer

and Allen (1975). The plant samples (a 1-g dry sample) were
placed in long digestion tubes followed by the addition of
7.5 mL of concentrated H,SO,. The mixture was allowed to
stand for 30 min at room temperature. Approximately 7.5-mL
H,0, (30%) was added to the digestion tubes; the samples
were heated on a hot plate for 40 min at 360 °C. Thereafter,
1-mL H,0, (30%) was added until the digest appeared clear
upon cooling. Then, deionized distilled water was added to
bring the final sample volume to 50 mL. The solution was
filtered through Whatman number 42 filter paper and then
determined using a Perkin-Elmer 3100 Atomic Absorption
Spectrophotometer.

5.3 Enrichment Factor

The enrichment factor (Barman et al. 2000) has been calcu-
lated to determine the degree of heavy metal accumulation in
the plants concerning the control according to the equation:

EF Concentration of metals in contaminated plants

" Concentration of metals in uncontaminated plants (control)

5.4 Statistical Analysis

Statistical calculations were performed using computer pro-
grams Microsoft Excel version 365 and the SPSS v.25 (statisti-
cal package for the social science version 25.00) statistical pro-
gram. The differences in the studied variables in the water and
soil samples were tested using Student’s 7-test. Quantitative
data with parametric distribution between the different plant
samples were done using analysis of variance for the one-way
ANOVA and post hoc Tukey s test at a 0.05 probability level.
The difference between stages I and II values of parameters
was also analyzed by Student’s ¢-test. The artwork and figures
were performed using computer programs Microsoft Excel
version 365 and the GraphPad Prism program (version 8).

6 Results
6.1 Non-enzymatic Antioxidant Content

These results (Fig. 1a) indicated that free proline contents were
significantly stimulated at stage I and stage II due to irrigation
with untreated wastewater compared to control by approxi-
mately 179% and 142%, respectively. However, treatments
with Spirulina platensis, Chlorella vulgaris, leaves of Salix
alba, and EDTA alleviated wastewater-generated toxicity, and
the maximum decrease in free proline in stage I was observed
by about 64% at WW + Spirulina platensis treatment (except
control). In comparison, the maximum decrease in free proline
at stage II was observed by about 47% at WW + Chlorella
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Fig. 1 Effect of different treatments on free proline (a) and total phe-
nols (b) of Phaseolus vulgaris plants. Error bars are means + stand-
ard error (n=>5). Different letters on bars denote that mean values are
significant differences (P <0.05) by Tukey’s test (HSD). * Difference
between stages I and II values of parameters is statistically significant

vulgaris treatment (except control) compared to untreated
wastewater-irrigated plants (WW).

Our data in Fig. 1b also indicated that the total phe-
nol content increased in Phaseolus plants irrigated with
untreated wastewater throughout the two growth stages. Val-
ues were about 107% at stage I and 105% at stage II greater
than the control. Conversely, the total phenol contents were
considerably decreased by about 44% at stage I and about
49% at stage II when treatment with WW + Chlorella vul-
garis (except control) was compared with the plants irrigated
with wastewater without any treatment.

6.2 Antioxidant Enzyme Activities

The activity of antioxidant enzymes increased in response to
wastewater irrigation throughout the two growth stages (Fig. 2a,
b, ¢, and d). In case of stage I, the rise in the activity of superox-
ide dismutase (SOD), catalase (CAT), peroxidase (POX), and
polyphenol oxidase (PPO) enzymes was 367%, 475%, 189%,
and 300%, respectively, under the untreated wastewater irriga-
tion compared with control. Likewise, in stage II, the rise in
the activity of SOD, CAT, POX, and PPO enzymes was 315%,
222%, 230%, and 242%, respectively, compared with control.
In contrast, the treatment of Phaseolus plants with Spir-
ulina platensis, Chlorella vulgaris, salix plant powder, and
EDTA decreased the highest activities of SOD, CAT, POX,
and PPO enzymes generated by wastewater toxic stress
(Fig. 2a, b, ¢, and d). In cases of SOD and CAT enzymes, the
maximum reduction in activities was recorded in Chlorella
vulgaris treatment by about 69% and 78%, respectively, at
stage I and by about 66% (in SOD and CAT) at stage Il com-
pared with untreated wastewater-irrigated plants. Likewise,

(b) O Stage |
M Stage Il

0.3 1 A"

Total phenols (mg 100g™* DM)

QRN R IO SN o
N x x x (00
$$ \‘3\* $\$ o x

Treatments

(Student’s #-test, p <0.5). Control is fresh tap water, WW is wastewa-
ter, WW + Sp is wastewater + Spirulina platensis, WW + Ch is waste-
water + Chlorella vulgaris, WW + SA is wastewater + salix plant pow-
der, and WW 4+ EDTA is wastewater + ethylenediaminetetraacetic acid

in cases of POX enzyme, the maximum reduction in activ-
ity was recorded in SA treatments by about 62% at stage I
and 64% at stage II as compared with untreated wastewa-
ter-irrigated plants. Similarly, in cases of PPO enzyme, the
maximum reduction in activity was recorded in Spirulina
platensis (stage I) and SA (stage II) treatments by about
59% and 49%, respectively, compared with the untreated
wastewater-irrigated plants.

6.3 Lipid Peroxidation Contents

Our results in Fig. 3 indicated that the malondialdehyde
(MDA) content significantly increased in the Phaseolus plants
irrigated with untreated wastewater by about 163% at stage
I and 152% at stage II greater than the control. Conversely,
except control, the maximum reduction in MDA contents was
recorded in Chlorella vulgaris treatment by about 51% at stage
I and by about 54% at stage II in SA treatment as compared
with untreated wastewater-irrigated plants.

6.4 Phytohormone Contents

Different values in this study in Fig. 4a, b, and ¢ were
recorded regarding the acidic phytohormone contents being
studied of common bean plants at stages I and II. Irriga-
tion with untreated WW caused reduction in the contents
of indole acetic acid (IAA) and gibberellic acid (GA;) by
about 59% and 46% at stage I and 51% and 37% at stage II,
respectively, compared to control plants, while the contents
of abscisic acid (ABA) were significantly increased by about
115% and 114% at stages I and II, respectively, as compared
with control plants.
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Fig.2 Effect of different treat-
ments on superoxide dismutase
(SOD) (a), catalase (CAT)

(b), peroxidase (POX), (c)

and polyphenol oxidase (PPO)
(d) enzymes of Phaseolus
vulgaris plants. Error bars are
means =+ standard error (n=5).
Different letters on bars donate
that mean values are signifi-
cant differences (P <0.05) by
Tukey’s test (HSD). * Differ-
ence between stages I and 11 0
values of parameters is statisti-
cally significant (Student’s
t-test, p<0.5). Control is fresh
tap water, WW is wastewater,
WW +Sp is wastewater + Spir-
ulina platensis, WW+ Ch is
wastewater + Chlorella vulgaris,
WW 4 SA is wastewater + salix
plant powder, and WW+ EDTA
is wastewater + ethylenediami-
netetraacetic acid

—_—
Q
~
» (o))
)

SOD (unit g* FM hY)

N

Treatments

—_—
()
~

POX (unit g’ FM h'!)

OStage | (b) Ostage |
M Stage |l 8 A M Stage ll
=
g6
L)
£
54
=
o
2
0
Treatments
OStagel  (d) OStage |
WStage |l 2 - W Stage |l
=
=
[T
a0
&
c
2
[]
a
o

> N N X \s
& & AT S
¢ S Y
Treatments Treatments

Alternatively, a positive effect on all acidic phytohormone
contents being studied was observed except for ABA con-
tent when treated with Spirulina platensis, Chlorella vul-
garis, salix plant powder, and EDTA compared to untreated
WWe-irrigated plants. The highest value of IAA contents
was recorded in the Chlorella vulgaris treatment, which
increased by about 135% and 171% at stages I and II, respec-
tively; the highest value of GA; contents was recorded in
the Spirulina platensis treatment, which increased by about
73% and 120% at stages I and 11, respectively, compared
to untreated WW-irrigated plants, while the lowest values
of ABA were recorded when the application of Chlorella
vulgaris, which decreased by about 53% at stage I and 54%
at stage II, was compared to untreated WW-irrigated plants.

6.5 Yield Characters

Data in Table 3 and Fig. S1 indicated that, compared to
control samples, all tested yield parameters were decreased
significantly under the effect of WW irrigation. Where the
lowest values of the number of pods plant™', number of seed
plant™!, the weight of seeds in gram (g) plant™!, and weight
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of 100 seeds (g) were recorded when irrigated with waste-
water, which reduced by approximately 33%, 13%, 14%, and
19% of the control, respectively.

In contrast, a positive effect on all yield parameters was
observed (in most cases) when treated with Spirulina platensis,
Chlorella vulgaris, salix plant powder, and EDTA compared to
control (Table 3 and Fig. S1). The highest value of the number
of pod plant™" was recorded when treating plants with Chlorella
vulgaris, which increased by about 22% of control.

The same trend was observed in a number of seed plant™! and
weight of seed (g) plant™! (Table 3 and Fig. S1) where the highest
values were recorded at Spirulina platensis—treated plants, which
increased by about 33% and 27% of control, respectively. Also,
the highest value in weight of 100 seeds was recorded in the SA-
treated plant, which increased by 10% of control.

6.6 Yield Components
Results in Fig. 5 showed that the total soluble carbohydrates

and proteins in seeds of untreated WW-irrigated Phaseolus
plants were reduced relative to control plants by about 34%
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Fig.3 Effect of different treatments on malondialdehyde (MDA)
contents in leaves of Phaseolus vulgaris plants. Error bars are
means =+ standard error (n=3). Different letters on bars donate that
mean values are significant differences (P<0.05) by Tukey’s test
(HSD). * Difference between stages I and II values of parameters is
statistically significant (Student’s t-test, p <0.5). Control is fresh tap
water, WW is wastewater, WW+ Sp is wastewater + Spirulina platen-
sis, WW+ Ch is wastewater + Chlorella vulgaris, WW+ SA is waste-
water +salix plant powder, and WW+ EDTA is wastewater + ethylen-
ediaminetetraacetic acid

and 13%, respectively. In contrast, the highest value of carbo-
hydrate content in seeds was recorded at SA treatments, which
increased by about 54% of control. Similarly, the highest value
of protein contents in seeds was recorded at Chlorella vulgaris
treatments, which increased by about 17% of control.

6.7 Heavy Metal Accumulation in Seeds

The heavy metal contents in Phaseolus seeds (edible part)
are indicated in Table 4. The accumulation of Ni, Cd, Pb,
and Co is greater in the case of wastewater-irrigated plants
than controls. The lowest accumulation of Ni and Co was
detected under WW + Chlorella vulgaris treatment (except
control). The same trend—the lowest accumulation of Cd
and Pb was detected (except control) in treated plants with
WW +Sp and WW + SA, respectively.

6.8 The Enrichment Factor

The enrichment of heavy metals in plants irrigated with
untreated wastewater is as follows: Cd (251)> Co (164) >Pb
(19.5)> Ni (18). Whereas, in the case of WW + Sp treat-
ment, the enrichment of the heavy metals in the plant is as

follows: Cd (24) >Pb (9.58) > Ni (4) > Co (3). In the case of
WW + Ch treatment, the enrichment of the heavy metals in
the plant is as follows: Cd (29) >Pb (9.42) > Ni (3.75) > Co
(1.50).

In the case of WW + SA treatment, the enrichment of
the heavy metals in the plant is as follows: Cd (27) > Pb
(9.25)>Ni (6.25) > Co (2), and, in the case of WW + EDTA
treatment, the enrichment of the heavy metals in the plant is
as follows: Cd (30)>Pb (9.75) > Ni (5.75) > Co (4).

7 Discussion

Free proline and polyphenols, non-enzymatic antioxidants,
support organisms under unfavorable conditions in alleviating
the adverse effects of reactive oxygen species (ROS) (Zandi
and Schnug 2022). Environmental stresses like heavy metal
(HMs) stress have been documented to increase ROS produc-
tion. Antioxidant molecules and enzymes attain ROS detoxifi-
cation in plant cells. Antioxidant compounds, including proline
and phenols, inhibit oxidation and play vital roles in stress
responses (Racchi 2013), which far increased after irrigation
of plants with untreated wastewater throughout stage I and
stage II, corroborating the finding of Khalilzadeh et al. (2020).
Higher proline and phenol levels may be attributed to the strat-
egies adopted by plants to overcome the heavy metal toxicity
as proline has many essential functions: osmoticum, scaven-
ger of free radicals, protector role of cytoplasmic enzymes,
stabilizer of membranes, and a dip for energy to regulate
the redox potential (Hayat et al. 2012). Recently, Pratyusha
(2022) reported that the contents of phenolic compounds tend
to increase when the plants were under heavy metal stress, as
phenolic compounds are reactive oxygen species scavengers
and metal chelators. In this regard, Kisa et al. (2016) showed
that the application of heavy metal generally increased the total
phenolic compounds of the corn plant.

In contrast, the contents of free proline and total phe-
nols significantly decreased in response to our treat-
ments compared to untreated wastewater-irrigated plants
throughout the two growth stages. In the case of free pro-
line, the most significant reduction was recorded when the
plants were treated with Spirulina platensis in stage I and
Chlorella vulgaris in stage I1. These results indicate the
role of these treatments in alleviating the toxic effects of
wastewater on plants. Our results are in harmony with pre-
vious studies of Romera et al. (2006); Al-Homaidan et al.
(2015) reported that treatment of wastewater or soils with
Spirulina sp. and Chlorella sp. significantly reduced the
accumulation of toxic metals. In the case of total phenols,
the application of WW + Chlorella vulgaris indicated the
most significant decrease in stages I and II. The reduc-
tion in the contents of total phenols may be attributed
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Table 3 Effect (,)f different Treatments Number of pod plant™  Number of seed plant™'  Weight of Weight of 100 seeds (g)
treatments on yield characters seeds (g
of Phaseolus vulgaris plants plant™)
Control 4.50+0.58" 15.00+1.15< 6.73+0.17°  44.70+0.42°
WW 3.00+0.62° 13.00+0.82¢ 5.80+0.26%  36.00+0.41¢
WW +Sp 4.00+0.82% 20.00+1.63? 8.58+0.25*  48.75+0.26"
WW +Ch 5.50+0.59* 19.00+0.99% 8.23+0.13"  45.50+0.44%
WW +SA 4.00+£0.72%® 17.00 + 1.24% 8.40+0.14*  49.25+0.30°
WW +EDTA  3.00+0.81° 14.00+1.194 7.63+0.22°  46.30+£0.45°
HSD 1.67 2.37 0.45 0.87

Data represents means =+ standard error (n=10). Different lowercase letters in the same species within a
column indicate significant differences (P <0.05) by Tukey’s test (HSD). Control is fresh tap water, WW
is wastewater, WW+ Sp is wastewater + Spirulina platensis, WW+ Ch is wastewater + Chlorella vulgaris,
WW+SA is wastewater +salix plant powder, and WW+EDTA is wastewater + ethylenediaminetetraacetic

acid

to oxidative stress was confronted by Chlorella vulgaris
treatment, and further increase in the contents of phe-
nolic compounds (as a non-enzymatic antioxidant) was
not needed. These results are in harmony with the recent
study of Khodamoradi et al. (2022).
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Plant antioxidant enzymes (e.g., SOD, CAT, POX, and
PPO) act as the first line of defense to tolerate unfavora-
ble conditions. These enzymes stimulate the detoxification
of ROS and decrease the harmful effects caused by abiotic
stress (Rai et al. 2022). Enrichments of SOD, CAT, POX,
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Fig.5 Effect of different treatments on total soluble carbohydrate
and protein contents of Phaseolus vulgaris seeds. Error bars are
means + standard error (n=5). Different letters on bars donate that
mean values are significant differences (P<0.05) by Tukey’s test
(HSD). Control is fresh tap water, WW is wastewater, WW+Sp is
wastewater + Spirulina platensis, WW+ Ch is wastewater + Chlo-
rella vulgaris, WW+SA is wastewater +salix plant powder, and
WW+ EDTA is wastewater + ethylenediaminetetraacetic acid

and PPO activities under heavy metal stress were outlined
by their roles in constructing a physical barrier against HMs
entering the cells (Hegediis et al. 2001) and in scavenging
H,0, (Yan et al. 2008). Consequently, SOD, CAT, POX,
and PPO act as markers of antioxidant activity toward metal
toxicity. Therefore, in this study and in others (Kang et al.
(2013)), plant irrigation with untreated wastewater stimu-
lated the activities of antioxidant enzymes in stages I and

II compared with control. Increased SOD, CAT, POX, and
PPO activities with higher proline and phenol content accel-
erate the remediation of toxic H,0, to non-toxic H,O, thus
reducing oxidative stress. Recently, Nowwar et al. (2022)
found that the activities of SOD, CAT, POX, and PPO
enzymes were found to be higher in Jute Mallow plants irri-
gated by wastewater than those irrigated with fresh water.

Alternatively, the application of WW + Sp, WW + Ch,
WW +SA, and WW + EDTA alleviated the adverse effects
of WW on Phaseolus plant enzymes throughout the various
growth stages. This reduction in SOD, CAT, POX, and PPO
activities indicated the role of these treatments in alleviating
the WW-induced oxidative stress as this fact is supported by
the reduction in HMs stress and the ROS level, corroborat-
ing the findings of Noriega et al. (2012), which reported
that SA decreases the effects of oxidative stress caused by
heavy metals by inhibiting the accumulation of these metals
in plant cells. Similarly, the use of SA to decrease the harm-
ful effects of some HMs is reported in different plant spe-
cies (Lu et al. 2018). Recently, Dinesh-Kumar et al. (2020)
have indicated that the application of Spirulina platensis
can effectively chelate several heavy metals from wastes and
mitigate the toxic effects of these metals.

The peroxidation of lipid in biological membranes is
considered credible indicators to oxidative stress in plants.
When ROS levels exceed the capacity of the plant to scav-
enge, lipid peroxidation increases (Soln and Koce 2022).
The malondialdehyde is one of the final products of oxi-
dative modification of lipids and is responsible for cell
membrane damage including changes to the radical proper-
ties of the membrane; these changes finally result in cell
death (Sharma et al. 2012). In this study, the MDA contents
increased in response to wastewater irrigation; this may be
due to the incapacity of oxidative system to reduce the ROS
level and so not reducing the damage to the cell membrane.

Table 4 Heavy metal

ey . Treatments Ni Cd Pb Co

accumulation in seeds (edible )

part) of Phaseolus vulgaris mg kg™ D.M

plants Control 0.004+0.001¢ 0.001+0.001° 0.012+0.001° 0.002+0.001°
WW 0.207 +0.002° 0.251+0.003? 0.328 +0.003° 0.234 +0.004*
WW +Sp 0.011+0.001 0.016+0.001¢ 0.115+0.002° 0.007 +0.001%
WW +Ch 0.017+0.001° 0.022+0.002 0.126+0.001° 0.016+0.001°
WW +SA 0.021 +0.002° 0.027+0.001¢ 0.081£0.002¢ 0.011+0.001 <
WW +EDTA 0.059+0.001° 0.041+0.001° 0.169+0.002° 0.028+0.001°
HSD 0.010 0.008 0.011 0.008
Permissible limit* 0.10 0.10 0.20 0.10

Data represents means + standard error (n=10). *Permissible limits are according to FAO/WHO (2019,
2020). Different lowercase letters in the same species within a column indicate significant differences
(P<0.05) by Tukey’s test (HSD). Control is fresh tap water, WW is wastewater, WW+Sp is wastewa-
ter + Spirulina platensis, WW+ Ch is wastewater + Chlorella vulgaris, WW+ SA is wastewater + salix plant
powder, and WW+ EDTA is wastewater + ethylenediaminetetraacetic acid
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This result also was illustrated by Yildirim et al. (2019)
that showed that irrigation with Pb- and Cd- contaminated
water generally increased the contents of MDA in rocket
plants. Contrariwise, the MDA contents were significantly
decreased in response to Spirulina platensis, Chlorella
vulgaris, Salix alba, and EDTA treatments as compared to
WWe-irrigated plants. This may be due to the reduction of
ROS production and the extent of the antioxidant system and
restoration. These results are supported by the recent study
of (Malik et al. 2022).

The endogenous acidic phytohormones (IAA, GA;, and
ABA) are found in plant cells at either low or high concen-
trations, regulating plant growth and acting as signaling reg-
ulators to alleviate abiotic stresses such as HM stress (Sytar
et al. 2019). HMs have negative effects on IAA, and GA; is
reported to be related to an increase in ABA content in plant
cells, indicating the potential of this hormone mediating a
part of the metal-enforced phytotoxicity (Sharma and Kumar
2002). Plant exposure to HMs stress induces the expression
of ABA biosynthetic genes, which improves ABA’s endog-
enous contents (Biicker-Neto et al. 2017). Also, the accu-
mulation of phenols was related to a significant decreased
TAA. Denaxa et al. (2022) reported that increased phenolic
content might stimulate ITAA-oxidase and thus decline TAA
contents. Our results clearly indicated that the irrigation of
the common bean with untreated WW significantly reduced
the contents of IAA and GA;, but increased ABA con-
tent. These results were illustrated by Atici et al. (2005) in
chickpea and Kim et al. (2014) in rice plants. Nowwar et al.
(2022) showed that irrigation of Jute mallow plants with
heavy metals—contaminated water caused reduction in the
contents of GA;, IAA, but ABA contents were increased.
In contrast, the application of the different tested treatments
showed marked increases in the contents of IAA and GA;
but decreased in the ABA’s contents. These results show the
role of these treatments in alleviating the negative effect of
WW on common bean. This may be due to the role of [AA
and GA; to regulate plant responses to wastewater stresses
by modulating their biosynthesis, transport, signaling, con-
jugation, and degradation processes (Saini et al. 2021);
also, via reducing the effects of plant growth inhibitors by
reducing the contents of abscisic acid as inhibitory phyto-
hormones (Emamverdian et al. 2020). Our result agreement
with the recent study of Torun et al. (2022) recorded that
the treatments of Hordeum vulgare L. with SA resulted in a
significant increase in the auxin (IAA) levels and reduction
in ABA contents under abiotic stress.

All yield characters of Phaseolus plants decreased upon
irrigation with untreated wastewater, which agrees with the
recent findings of Han-jie et al. (2022). The reduction in
yield parameters in response to wastewater irrigation could
be due to a high level of toxic compounds in wastewater
(Kanwal et al. 2020), higher accumulation of heavy metals
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in plants (Bhat et al. 2019), high wastewater ammonia-N
level (Liu and Wirén 2017), and high salinity of wastewater
(Ungureanu et al. 2020). Recently, Nowwar et al. (2022)
have reported that the growth and yield (number of pods
and seeds per plant, weight of seeds per plant, and weight of
1000 seeds) parameters of Jute mallow plants significantly
decreased when irrigated with untreated wastewater as com-
pared to that irrigated by fresh water as a control.
Alternatively, all yield characters were enhanced in
response to applying the different tested treatments. The
most significant increase in yield parameters was recorded
in plants treated with WW + Sp, WW + Ch, and WW + SA.
Similar observations were indicated by Ammar et al. (2022)
that found that the application of algae treatments (e.g., Spir-
ulina platensis, Chlorella vulgaris, Nostoc sp., Scenedesmus
sp., Chlorococcum sp., Chroococcus sp., Phormidium sp.,
Anabaena sp., Fischerella sp., and Spirogyra sp.) for some
plants (wheat, pearl millet, pea, maize, and rice) increased
the economic yield, the average increase in seeds and grain
yield, and quality parameters. Gongalves (2021) stated
that dry micro and macro algae contain high amount of
macro and micronutrients, polysaccharides, hormone-like
substances, amino acids, and other bio-stimulants, which
improved plant growth and yield production. Safi et al.
(2014) concluded that a quantity of 2- and 3-g dry Chlorella
vulgaris algae per kg soil (as soil additives) increased yield
quality and productivity and alleviated the environmental
pollution. Gitau et al. (2022) indicated that treatment of
Solanum lycopersicum plants with algae extract (Chlorella
vulgaris) significantly increased yield productivity and its
components and quality. Elansary et al. (2016) stated that the
application of algae extracts increased the yield in cereals
and vegetables. In the same way, the biostimulant effects of
salix dried materials on yield may be related to the rich bio-
active and biostimulant substance contents in salix, such as
salicylates and phenolic compounds, which are considered to
have beneficial physiological effects on plant growth (Mutlu-
Durak and Kutman 2021). SA as a phytohormone also has
promoting effects on bud formation and flowering regula-
tion (Vicente and Plasencia 2011). Recently, Hasanuzzaman
et al. (2019) reported that the application of SA improved
the yield of Brassica campestris plants and resulted in the
lowering of oxidative damage under heavy metal stress.
The total soluble carbohydrates and proteins in seeds
were significantly decreased in response to irrigation with
untreated wastewater compared to control. These results
are in accordance with the results obtained by other inves-
tigators (Farahat et al. (2017); Hajihashemi et al. (2020).
The reduction in the total soluble carbohydrate and protein
content after irrigation with untreated WW probably cor-
responded with heavy metal stress (Banadka and Nagella
2022), possible interaction of heavy metals with the reac-
tive center of ribulosebisphosphate carboxylase, inhibited
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the photosynthetic production or stimulated the respiration
rate (John et al. 2008), the cycles of carbohydrate catabolism
and related enzymatic reactions (Rabie et al. 1992), lowered
synthesis or diversion of the metabolites to other synthesis
processes (Aldoobie and Beltagi 2013), enhanced the deg-
radation process (Palma et al. 2002), different structural and
functional modifications by the denaturation and fragmenta-
tion (Monteiro et al. 2009), modification in gene expression
(Kovalchuk et al. 2005), or due to the interaction with thiol
residues of proteins and replacement of them with heavy
metals in metallo-proteins (P4l et al. 2006). But, alterna-
tively, the total soluble carbohydrates and proteins in seeds
were enhanced in response to the application of the differ-
ent tested treatments. The most significant increases in total
soluble carbohydrates and proteins in yield were recorded
due to the application of salix plant powder and Chlorella
vulgaris, respectively. This study’s results agree with those
of Luo et al. (2014). Duan et al. (2022) suggested that the
application of SA in stressed plants could induce their tol-
erance by accelerating their carbohydrate metabolism. El-
Tayeb et al. (2006) reported that SA treatments increased
the level of soluble carbohydrates, which provided some
HMs tolerance in Helianthus annuus. Wasti et al. (2012)
concluded that the application of SA enhanced the accumu-
lation of soluble carbohydrates in tomato plants and offered
stress avoidance. In the same way, the effect of algae extracts
on increasing seed carbohydrates and protein contents was
reported by Shedeed et al. (2022) on Lupinus luteus plants.
The application of untreated wastewater in irrigation gen-
erally led to a significantly high accumulation of all studded
heavy metals in wastewater-irrigated common bean seeds
(edible part) than freshwater-irrigated plants. Similar results
were also obtained by Gupta et al. (2010). Also, Parashar and
Prasad (2013) reported that the use of wastewater for irrigation
increased the accumulation of metals Fe, Cd, Cu, Zn, and Pb in
the edible parts of the studded plants (Spinach, Cabbage, Beet-
root, Reddish, Okra, Tomato, and Cucumber). Recently, Tariq
(2021) has found that the irrigation with wastewater caused a
significant increases in the contents of Ni, Cd, Cr, Cu, Pb, and
Zn in the edible parts of chard, celery, cress, and leek plants.
Alternatively, the application of WW + Spirulina platen-
sis, WW + Chlorella vulgaris, and WW + salix plant powder
showed the lowest accumulation of Ni, Cd, Pb, and Co in
common bean seeds. Our results are in harmony with the
recent study by Almomani and Bhosale (2021) that found
that Spirulina platensis and Chlorella vulgaris can chelate
some heavy metals from wastewater up to 95% and 87%
efficacy, respectively. Piccini et al. (2019) reported that
both Spirulina and Chlorella sp. cell wall contain a range
of numerous active sites that can bind to metals and act as
chelating agents; these include acetamide chitin, structural
polysaccharides, phosphate and amino groups of nucleic
acids, amino and carboxyl groups of proteins, and hydroxyl

groups of polysaccharides. Similarly, Doyurum and Celik
(2006) reported that plant-dried materials are mainly con-
sisted of polysaccharides, proteins, and lipids, functional
groups such as carboxyl, hydroxyl, sulphate, phosphate,
and amino groups that can be used for metals adsorbent and
chelating agents. Recently, Lu et al. (2018) have concluded
that the application of SA significantly reduced Cd accumu-
lation on Lemna minor plants.

Among the metals studied, higher rates of plant uptake
and enrichment in common bean seeds with respect to con-
trol samples were cadmium and lead, which indicated that
these metals are mainly accumulated due to irrigation with
wastewater. Anyway, all heavy metal concentrations being
studied after application of our treatments are still within
the safe limit, as it is recommended below the safe limit for
some food crops by FAO/WHO (2019, 2020).

8 Conclusions

Irrigation of common bean plants using untreated wastewater
significantly increased the contents of free proline, total phenols,
superoxide dismutase, catalase, peroxidase, polyphenol oxidase,
malondialdehyde (MDA), and abscisic acid (ABA) throughout
the two growth stages compared with control. Indole acetic acid
(IAA), gibberellic acid (GA;), all yield parameters, and total
soluble carbohydrate and protein contents in seeds significantly
decreased. In all cases, cadmium and lead exhibit the highest rate
of plant uptake and enrichment in common bean seeds. Moreo-
ver, the concentrations of nickel (Ni), cadmium (Cd), lead (Pb),
and cobalt (Co) were significantly increased and above toxic
concentrations in seeds (edible part) of the untreated wastewa-
ter-irrigated plants. On the other hand, application of Spirulina
platensis, Chlorella vulgaris, salix plant powder, and ethylen-
ediaminetetraacetic acid (EDTA) alleviated the adverse effects
of wastewater irrigation via decreasing the oxidative damage.
As a result, the contents of free proline, total phenols, superox-
ide dismutase, catalase, peroxidase, polyphenol oxidase, MDA,
and ABA were significantly decreased. Moreover, IAA, GA;, all
tested yield parameters, and biochemical contents of seeds were
significantly increased than control. Further protection under irri-
gation with wastewater was achieved by applying our treatments,
which reduce the accumulation of Ni, Cd, Pb, and Co in seeds
(edible part) of common bean plants. Finally, Spirulina platensis
and leaves powder of Salix alba being economically and environ-
mentally friendly can be recommended for farmers to use in their
fields to alleviate the harmful effects of wastewater on plants.
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