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Table 2. The amounts of heavy metals in primary soil (control)
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Table 3. Total amount of heavy metals added to the soil, after 14 months, under
different treatments (water and urban wastewater) and the standard rate of heavy
metals in the soil (USEPA, 2005; WHO, 2000).
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Fig 1. Metal accumulation index (Zn, Cr, Pb, Cu, Mn, Ni, Mg) of Cyperus alternifolius
L., Chrysopogon zizanioides (L.) Roberty and Aloe vera (L.) Burm.f. under water and
urban wastewater treatments.
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Table 4. The variance analysis of urban wastewater effects on some morphological and

physiological indices of Cyperus alternifolius L., Chrysopogon zizanioides (L.) Roberty
and Aloe vera (L.) Burm.f.
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Figures 2. The effects of urban wastewater on (A) the root length and (B) shoot length
of Cyperus alternifolius L, Chrysopogon zizanioides (L.) Roberty and Aloe vera (L.)
Burm.f. The data represents the average of three replicates + standard error (SE).

Different letters indicate significant differences among treatments according to
Duncan's test with p< 0.05.
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Figures 3. The effects of urban wastewater on biomass of Cyperus alternifolius L,
Chrysopogon zizanioides (L.) Roberty and Aloe vera (L.) Burm.f. The data represents
the average of three replicates + standard error (SE). Different letters indicate
significant differences among treatments according to Duncan's test with p< 0.05.



Py JalS (Soisls s 5 (Sislsd e Sleogas (S o) 2 OF
UD) a5l

723 elh ol e asoly (lai oS LS Sis (g anazrg LUL (a3l (o)
(GIF S8 oty 2alS sy aal s oS s ari L st ol j i a s, ol S s
St 8 lalS (6 0b O e b Comad (st Sl e S (s onl bt b
2 UD) Ciz (ald oo ol g oad o5 55 ol Seis (g lejen (g 00,5 i
ol ol 10 (0o, FYIAA 5 FY/AY) LralS ao)s (i add oo i ) (6 e sue
5 i e S aels i 538 lalllae o sanlive ;55 ¢ galell oS 43 iy
Gkl as oS lendly e sl Jdlse (S eten 5 (AL 0395y w5 (aLS el
UL e ialydl 5 5 liallian 5 50 4l sl S ) s o e coier sl sy

G 00 )55 S 3 o S o Ul ose el S g K &l B o S i o
Zoufan et al., 2016 and 2018; Tahmasbian & Safari, 2016)

(T Joxi oLl
5618 i sk st ooy 531 L ol s 8 50 o Y US54 4z L
GBLS 0o )3 5 s ygaigll oS ol ins gl 3l o 4 alS TH lje
Sl 055 wals Glals o |, (YY) (2alS 0o (S0l 55655 LS 5 (5F)
50l (e Jems el jeg oL casdlacs 050 oLS aw o 0 o plis oS
e S5l 5 8 oS il ) gl TH 2ol 31 5 500 lallas
oarls uels o (Moradi & Sadaghiani, 2019; Ng et al., 2020) el oais oolai !
B Sa i o S B s plejee S egat i wad gla il o Jeos

(Ng et al., 2020) coul ouds 3,155



O JVFY Jln VO olo o) o,lads FF 0,90 «60,)lS olid o) sale anlilad

1] _
2000 - S 2
: Bl ol
41500 T
y .
11000 A b

5 .

500 4 4 '
=
0 |
Plo e Jos 29535 |5
) S
| 1 | I

.Q) C

5 0.8 A
i b

§06 -

— d
=04 -

02 1
0
2l e 2553 |sesl

159039/T 3 55059 1o oI55 LS Jooxi (asLis (00 g e (s (Al 31 5 el olany, 536 —F S
b B yKilo dunlio bl 1 o (sleo 413 gimo NS ouids (yLdd oglisio g o el £ SE ;S5 ¥ puKilso yralio og0d 50
el (Po/+8) Jlosio] e 3 o sizo S it 1 yls Sy Bg y> 9 (5SS (5903
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Figures 6. The effects of urban wastewater on (A) the total flavonoids and (B) total
of Cyperus alternifolius L, Chrysopogon zizanioides (L.) Roberty and anthocyanins
The data represents the average of three replicates + standard Aloe vera (L.) Burm.f.
error (SE). Different letters indicate significant differences among treatments
according to Duncan's test with p< 0.05.
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Figures 7. The effects of urban wastewater on (A) the total tannins and (B) DPPH radical-
scavenging percentage of Cyperus alternifolius L, Chrysopogon zizanioides (L.) Roberty
and Aloe vera (L.) Burm.f. The data represents the average of three replicates + standard
error (SE). Different letters indicate significant differences among treatments according to
Duncan's test with p< 0.05.



e 2l o J alS (Soieeniad 9 (Suieled 90 Sliogas | S gl e

oS dw ;o (5hizg (ol 50 00 oy Jslge 5l sael Csan slaosls bl p

3ygaall 5 s5dg oS 9 Lol caxiilo |, 506 el Uilgs ygasell 5 j5dg olo,n J5u
B s g asog y5EBge Dl e S oS o Ol Glajee cilil (s ls L
J8 Do e J5u oS A cu s (655 e i Sems ol 58 cblll a4 a0
(So59d98 90 Slogat 10 (6 Sl e Com |galall oS el 3b .o S
&S = w&u RWPN ‘Jj..\_d (e g J_Q:u ua.’>l_..u qu_‘> ua_‘>l....: ‘JS 03¢5 Cnns
0d—l 2 J_A|5.C CJL"’ su_:| P 05)Lc W0g e 5959 9 u_:‘o)_AJJu oL; 9 alo ul_m:
Sy (6 = ol Hlad 5o (65 e 8 Sl aS ol (e 0 jaeSg olS aS ol plas
JS 0 SegMs (|5 J8 ]S Jadoe aiB o s YL L il g 3900 iYL j0
Al (5, Cnglie DPPH ofjT JLSGol) Soslosl aco,s 5 5 6 (S byl
e S yoS Sl g S (gl KWL oS plgse a5y Jol 4, 5o cnlpl il
Sl asgr JolB 2oV an a o Lasdlog s e slpiing Glolw 640 Cluy S 5o
S oS ool g caS (gl g asell oS 5l og i o Slpi i crizman dj5aSgll oS o
=8 51..0‘ e 5l 6,90 alold L) (6 i ol =9 B oéj_” B E

g o3l (gl 6,05 Al

Sl Swlbew

o aS ol dlads 1) 0g dilowe—o S il oy e p3Y 095 o By

S5l wlel 53,5 )b 1y byl i oyl ploel

&l (2, pae
g 5= STl LB po (o s 9 0,00 952y (,Lad @bl Ll ol o

il 0094.5 u.@l))o



BV IVEY Jln VO alo o) o,lads FF 0,90 c60,)lS olid o) sale aslilad

&L

Adriano, D. C. (2001). Trace Elements in Terrestrial Environments; Biochemistry,
Bioavailability and Risks of Metals. Springer-Verlag, New York.

Ainsworth, E. A. and Gillespie, K. M. (2007). Estimation of total phenolic content and
other oxidation substrates in plant tissues using Folin—Ciocalteu reagent, Nature
Protocols, 2(4): 875-877.

Aghaei, K., Rahkhosravani, B., Moghanlu, L. and Ghotbi Ravandi, A. A. (2019). Study
of the effect of cadmium accumulation on some physiological and biochemical
characteristics of basil plants (Ocimum basilicum L.). Journal of Plant Process and
Function, 8 (33):107-122. (In Persian).

AL-Oud Saud, S. (2003). Heavy Metal Contents in Tea and Herb Leaves. Pakistan
Journal of Biological Sciences, 6: 208-21.

Arsenov, D., Zupunski, M., Pajevi¢, S., Nemes, 1., Simin, N., Alnugaydan, A. M. and
Mimica-Dukic, N. (2021). Roots of Apium graveolens and Petroselinum crispum-
Insight into phenolic status against toxicity level of trace elements. Plants, 10(9):
1785.

Bi, R., Schlaak, M., Siefert, E., Lord, R. and Connolly, H. (2011). Influence of electrical
fields (AC and DC) on phytoremediation of metal polluted soils with rapeseed
(Brassica napus) and tobacco (Nicotiana tabacum). Chemosphere, 83:318-26.

Chang, C. C., Yang, M. H., Wen, H. M., and Chern, J. C. (2002). Estimation of total
flavonoid content in propolis by two complementary colorimetric methods. Journal
of Food and Drug Analysis, 10(3): 178-182.

Erturk, U., N. Sivritepe, C. Yerlikaya, M. Bor, F. Ozdemir and I. Turkan. (2007).
Responses of the cherry rootstock to salinity in vitro. Biologia Plantarum, 51: 597-
600.

Farjadi, M. and Norastehnia, A. (2021). The effects of heavy metal mercury on some
physiological responsses in Nicotiana Tabacum. Nova Biologica Reperta, (8): 118-
129. (In Persian).

Grace, O. M., Simmon, M. S. J., Smith, G. F. and Van Wyk, A. E. (2008). Therapeutic
uses of Aloe L (Asphodelaceae) in Southern Africa. Journal Ethnopharmacology,
119,604-614.

Hare, P.D. and Cress, W.A. (2007). Metabolic implications of stress-induced
accumulation in plants. Plant Growth Regulation, 21:79-103.

Hatano, H. K. T., Yasuhara, T. and Okuda, T. (1989). Two new flavonoids and other
constituents in licorice root their relative astringency and radical scavenging
effect. Chemistry and Pharmacology Bulletin, (36): 1090-1097.



ol ez ol (So5sle a8 g (So3els8 g0 Dluogas I (S oyl Y

Hajiboland, R., Keyvanfar, N., Joudmand, A., Rezaee, h. and Yousefnejad, m. (2014).
Effect of selenium Treatment on Drought Tolerance of Canola Plants. Iranian
Journal of Biology, 27(4): 557-568. (In Persian).

Hosseini, Z. and Pourakbar, L. (2013). Investigation of interaction between zinc and
organic acid (malic acid, citric acid) on antioxidant responses in Zea mays L.
Journal of Plant Biology, 16: 1-12. (In Persian).

Jalali, M. and Hemati Matin, N. (2019). Nutritional status and risks of potentially toxic
elements in some paddy soils and rice tissues. International Journal of
Phytoremediation, 18: 1-9.

Jeddi, K., Siddique, K. H., Chaieb, M., and Hessini, K. (2021). Physiological and
biochemical responses of Lawsonia inermis L. to heavy metal pollution in arid
environments. South African Journal of Botany, 143: 7-16.

Joyce, C., Pennycooke, S. and Stushnoff, C. (2005). Relationship of cold acclimation,
total phenolic content and antioxidant capacity with chilling tolerance in Petunia,
(Petuniax hybrida). Environmental and Experimental Botany, 53: 225-232.

Kavitha, V. U. and Kandasubramanian, B. Tannins for wastewater treatment. (2020). SN
Applied Sciences, 2: 1081 (2020).

Kibria, M. Gh. and Hoque, Md. (2017). Antioxidant defense mechanisms of salinity
tolerance in rice genotypes. Rice Science, 24: 155-162.

Klimczak, I., Maecka, M., Szlachta, M. and Gliszcyn, A. (2007). Effect of storage on the
content of polyphenols, vitamin C and the antioxidant activity of orange juices.
Journal of Food Composition and Analysis, 20: 313-322.

Kouhi, S. M. M. and Moudi, M. (2020). Assessment of phytoremediation potential of
native plant species naturally growing in a heavy metal-polluted saline—sodic soil.
Environmental Science and Pollution Research, 27(9): 10027-10038.

Kumar, V., Sharma, A., Kohli, S. K., Bali, S., Sharma, M., Kumar, R. and Thukral, A. K.
(2019). Differential distribution of polyphenols in plants using multivariate
techniques. Biotechnology Research and Innovation, 3(1): 1-21.

Lavid, N., Schwartz, A. and Yarden, A. (2001). The involvement of polyphenols and
peroxidase activities in heavy-metal accumulation by epidermal glands of the
waterlily (Nymphaeaceae). Planta, 212: 323-331.

Ling, W., Shen, Q., Gao, Y., Gu, X. and Yang, Z. (2008). Use of bentonite to control the
release of copper from contaminated soils. Soil Research, 45(8): 618-623.

Liu, Y. J., Zhu, Y. G. and Ding, H. (2007). Lead and cadmium in leaves of deciduous
trees in Beijing. China: development of a metal accumulation index (MAI).
Environmental Pollution, 145: 387-390.


http://ijbio.ir/index.php?slc_lang=fa&sid=1
http://ijbio.ir/index.php?slc_lang=fa&sid=1

BY TVEY Jln VO olo o) o,lads FF 0,90 60,5 oolid o) sale anlilad

Masukasu, H., Karin, O. and Kyoto, H. (2003). Enhancement of anthocyanin
biosynthesis by sugar in radish (Raphanus sativus) hypocotyls. Plant Science, 164:
2: 259 - 265.

Mishra, B. and Singh Sangwan, N. (2019). Amelioration of cadmium stress in Withania
somnifera by ROS management: active participation of primary and secondary
metabolism. Plant Growth Regul, 87: 403-412.

Mohammadi, S., Pourakbar, L., Moghaddam, S. S. and Popovic-Djordjevic, J. (2021).
The effect of EDTA and citric acid on biochemical processes and changes in
phenolic compounds profile of okra (Abelmoschus esculentus L.) under mercury
stress. Ecotoxicology and Environmental Safety, 208: 111607.

Mohsenzadeh, S., Naderi, N. and Nazari, M. (2016). Physiological responses of Vetiver
zizanioides to municipal waste leachate. Plant Biology, 8 (28): 79-96.

Moradi, N. and Rasouli-Sadaghiani, M. (2019). The assessment of the potential of two
rangeland plants for absorption and accumulationof lead (Pb) in a contaminated
calcareous soil. Journal of Agricultural Engineering Soil Science and Agricultural
Mechanization. Scientific Journal of Agriculture, 42(2), 115-130.

Nakbanpote, W., Panitlertumpai, N., Sukadeetad, K., Meesungneon, O., amd Noisa-
nguan, W. (2010). Advances in phytoremediation research: a case study of Gynura
pseudochina (L.) DC. Advanced knowledge application in practice. Sciyo, Croatia.
353-378.

Ng, C. C., Boyce, A. N., Abas, M. R., Mahmood, N. Z. and Han, F. (2020). Evaluation
of vetiver grass uptake efficiency in single and mixed heavy metal contaminated
soil. Environmental Processes, 7(1): 207-226.

Nokandeh, S. E., Mohammadian, M. A., Damsi, B. and Jamalomidi, M. (2015). The
effect of salinity on some morphological and physiological characteristics of three
varieties of (Arachis hypogaea L.). International Journal of Advanced
Biotechnology and Research, 16(4), 498-507.

Nokande, S.E., Razavi, S.M. and Mohammadian, M.A. (2022). The capacity of heavy
metal remediation by Cyperus alternifolius, Chrysopogon zizanioides (L.) Roberty,
and Aloe vera (L.) Burm.f. under industrial and urban wastewater treatment. Chiang
Mai University Journal of Natural Sciences, 21(4): e2022057.

Omidbaigi, R. (2008). Production and processing of medicinal plants. 1st Ed, Beh-Nashr
publication. Mashhad. pp: 112.

Petoussi, M. A. and Kalogerakis, N. (2022). Olive mill wastewater phytoremediation
employing economically important woody plants. Journal of environmental
management, 302: 114076.

Pilon Smits, E. (2005). Phytoremediation. Annual Review of Plant Biology, 56: 15-39.



ol ez ol (So5sle b g (So3elsh g0 Dluogas | (B oyl Y

Placido, D. F. and Lee, C. C. (2022). Potential of industrial hemp for phytoremediation
of heavy metals. Plants, 11(5): 595.

Ramirez-Sosa, D. R., Castillo-Borges, E. R., Mendez-Novelo, R. I., Sauri-Riancho, M.
R., Barcelo-Quintalb, M. and Marrufo-Gomez, J. M. (2013). Determination of
organic compounds in landfill leachates treated by Fenton-Adsorption. Waste
Management, 33: 390-395.

Richards, L. A. (1954). Agriculture, Handbook, phytoremediation with the
hyperaccumulator Thlaspi caerulescens. Plant and Soil. US Department of
Agriculture, Washington.

Salt, D. E., Smith, R. D. and Raskin, I. (1998). Phytoremediation: Annual Rev Plant
Physiology. Plant Molecular Biology, 49: 643-668.

Schlegel, H. G. (1956). Die verwertung organischer sauren durch chlorella in lincht.
Planta, 47: 510-515

Sharma, P. and Dubey, R. S. (2005). Lead toxicity in plants. Journal of Plant Physiology,
17(1): 35-52.

Tahmasbian, I. and Safari Sinegani, A. A. (2016). Improving the efficiency of
phytoremediation  using  electrically  charged plant and  chelating
agents. Environmental Science and Pollution Research, 23(3): 2479-2486.

Taiz, L. and Zeiger, E. (2014). Plant physiology. Sinauer Associates, Massachusetts.

Turakainen, M., Hartikainen, H. and Seppanen, M. M. (2004). Effects of selenium
treatments on potato (Solanum tuberosum L.) growth and concentrations of soluble
sugars and starch. Journal of Agriculture Food Chemistry, 52: 5378-5382.

Turumtay, E. A., Islamoglu, F., Cavus, D., Sahin, H., Turumtay, H. and Vanholme, B.
(2014). Correlation between phenolic compounds and antioxidant activity of Anzer
tea (Thymus praecox Opiz subsp. caucasicus var. caucasicus). Industrial Crops and
Products, 52: 687-694.

Uba, S., Uzairu, A. and Okunola, O. J. (2009). Content of heavy metals in Lumbricus
Terrestris and associated soils in dump sites. International Journal of Environmental
Research, 3(3): 353- 358.

United States Environmental Protection Agency (USEPA). (2005). United States of
Environmental Protection Agency. Office of Water Regulations and Standards. EPA
440/5-86-001, p. 273.

United  States  Environmental Protection  Agency  (USEPA). (2021).
http://www.epa.gov/hw/household-hazardous-waste-hhw.

Usman A., Kuzyakov, Y. and Stahrk, L. a. (2005). Effect of immobilizing substances
and salinity on heavy metals availability to wheat grown on sewage sludge-
contaminated soil. Soil and Sediment Contamination, 14: 329-344.


http://www.epa.gov/hw/household-hazardous-waste-hhw

B0 TVEY Jln VO olo o) o,lads FF 0,90 «60,)l5 olid o) sale aslilad

Walkley, A. and Black, I. A. (1934). An examination of the degtjareff method for
determining soil organic matter, and a proposed modification of the chromic acid
titration method. Soil Science, 37(1): 29-38.

Wang, L. J., Fan, L., Loescher, W. Duan, W., Liu, G. J., Cheng, J. S., Luo, H. B. and Li,
S.H. (2010). Salicylic acid alleviates decreases in photosynthesis under heat stress
and accelerates recovery in grapevine leaves. BMC plant biology, 10 (1): 34.

Weinberg, Z. G., Ashbell, G., Chen, Y., Gamburg, M. and Sela, S. (2004). The effect of
sewage irrigation on safety and hygiene of forage crops and silage. Animal feed
science and technology, 116(3-4); 271-280.

WHO. (2000). Safety evaluation of certain food additives and contaminants.
International Programme on Chemical Safety. WHO Food Additive Series 52.

Yadollahi, P., Asgharipour, M. and Golshani, F. (2016). Effect of foliar application of
Humic Acid on Aloe vera (Aloe vera L.) In Cadmium Contaminated Soil. Journal of
plant process and function, 4: 51-59 (In Persian).

Zoufan, P., Shiralipour, N. and Rastegharzadeh, S. (2016). Investigation of uptake and
accumulation of zinc in Malva parviflora: a population collected from areas
surrounding production industries of steel in Ahvaz. Journal of Plant Process and
Function, 5 (15): 43-56

Zoufan, P., Shiralipour, N. and Rastegharzadeh, S. (2018). Assessment of some growth
indices and Cd accumulation in shoots and roots of Malva parviflora L. under
hydroponic system. Iranian Journal of Biology .31(2), 316-331. (In Persian).

Zan, M. J., Chang, H. W., Zhao, P. L. and Wei, J. G. (2007). Physiological and
ecological characters studies on Aloe vera under soil salinity and seawater irrigation.
Process Biochemical, 42: 710-714.


https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=745086
https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=607404
https://www.sid.ir/en/journal/Searchpaper.Aspx?Writer=773452
http://ijbio.ir/index.php?slc_lang=fa&sid=1

66 / The Quarterly Scientific Journal of Applied Biology, VVolume 36, Issue 1, Ser. 75, Spring 2023

Investigation of some morphological and physiological
characteristics of Cyperus. alternifolius, Chrysopogon
zizanioide and Aloe vera irrigated with urban wastewater

S. Ebrahimi Nokande®, S. M. Razavi Khosrowshahi®*, M. Afshar Mohammadian®

Received: 2022.9.4
Accepted: 2023.1.21

Abstract

Introduction: Phytoremediation is a cost-effective and environmentally friendly
method to remove heavy metals from contaminated soil and the environment and
choosing the right plant for phytoremediation is important considering the increasing
expansion of urban wastewater. In this regard, an experiment was conducted in the
form of a completely randomized design with three replications for 14 months at
Guilan University. Methods: In this study, the accumulation index of metals (MAI)
including zinc, chromium, lead, copper, manganese, nickel, and magnesium was
measured in three plants of Cyperus alternifolius L., Chrysopogon zizanioides (L.)
Roberty and Aloe vera (L.) Burm.f. treated with urban wastewater, and some of their
morphological and physiological characteristics were compared. Results & discussion:
The results showed that under urban wastewater treatment, the MAI in C. zizanioides
and A. vera was higher than in C. alternifolius. In all three studied plants, the indices
of root length, shoot length, total biomass, uptake index (Ul), and tolerance index (T1)
were significantly reduced compared to the control plant, and A. Vera had the highest
percentage of reduction. Also, the highest percentage of increase in total soluble sugar,
total phenol, total flavonoid, total anthocyanin, total tannin, and DPPH radical-
scavenging percentage was observed in C. zizanioides. Therefore, it can be said that C.
zizanioide was more successful in terms of metal accumulation and morphological and
physiological characteristics.

Keywords: Flavonoid, Heavy metals, Metal accumulation index, Phenol, Phytoremediation.
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