Research Article

Journal of Range and Desert Research DOI: 10.22092/ijrdr.2024.131463
Vol. 31, No. 1, Page 53-73 (2024)

Phytoremediation potential of native rangeland species Artemisia sieberi, Salsola richteri
and Scariola Orientalis in remediation of soils contaminated with heavy metals
(Khaf mines, Khorasan Razavi province)

S. Souri'”, M. Bayat?, S. Nateghi® and P. Ashouri®

1*-Corresponding author, Assistant Professor, Rangeland Research Division, Research Institute of Forests and Rangelands,
Agricultural Research, Education and Extension Organization (AREEO), Tehran, E-mail: souri@rifr-ac.ir

2- Research expert, Rangeland Research Division, Research Institute of Forests and Rangelands, Agricultural Research,
Education and Extension Organization (AREEQO), Tehran

3- Assistant Professor, Rangeland Research Division, Research Institute of Forests and Rangelands, Agricultural Research,
Education and Extension Organization (AREEOQ), Tehran

Received: 11/08/2023 Accepted: 05/14/2024

Abstract

Background and Objectives:
Heavy metals are major soil pollutants due to their toxicity and persistence. Mining activities are a
significant source of pollution in natural ecosystems. With its numerous mines, the Khaf region is a case
in point. Identifying plants capable of absorbing metals from contaminated soils is crucial for
phytoremediation efforts. This study investigated the phytoremediation potential of three plant species —
Artemisia sieberi, Salsola richteri, and Scariola orientalis — in the iron mine area of Khaf city, Razavi
Khorasan province, Iran.

Methodology:
All plant species were first surveyed at distances 500, 1000, and 3000 meters from the mine to determine
the dominant vegetation type. Three species belonging to this dominant type were then selected for heavy
metal analysis. Plant samples were collected from different parts (leaves, roots) of these dominant
species, along with soil samples from around their roots, at varying distances from the mine and in the
direction of the prevailing wind. A total of 36 plant and 36 soil samples were analyzed for copper, iron,
and lead using inductively coupled plasma (ICP) to determine metal contamination levels. Plant
remediation potential was assessed using various phytoremediation indicators.

Results:
Significant differences in phytoremediation indicators were observed among the plant species. Salsola
richteri exhibited the highest bioconcentration factors (BCF) for lead (1.38), iron (1.37), and copper
(1.99), and the highest bioaccumulation coefficients (BAC) for lead (1.55), iron (1.72), and copper (1.95).
This indicates Salsola richteri's strong ability to accumulate these metals.
The highest lead soil pollution index (2.64) was found around Artemisia sieberi, signifying moderate
lead pollution exceeding natural levels in this plant's habitat. The highest iron contamination was
observed in the soil around Artemisia sieberi and Scariola orientalis.

Conclusion:
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Metal concentrations in shoots, roots, and soil were highest at 500 meters from the mine and decreased
with increasing distance. Soil analysis revealed higher average concentrations of the studied elements
compared to global soil values. Notably, high concentrations of copper (490 mg/kg), lead (343 mg/kg),
and iron (49000 mg/kg) were observed.

At 500 meters from the mine, Salsola richteri displayed BCF values of 1.4, 1.5, 1.45, and 1.02 for lead,
iron, copper, and BAC values of 1.7, 1.8, 1.4, and 1.34, respectively. Based on these results, Salsola
richteri shows promise as a suitable plant for decontaminating soils in the Khaf mine area.
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Table 1- Some soil characteristics of the study area

Drainage depth texture soil structure erosion land use
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Figure 1- Geographical location of Khaf in Razavi Khorasan province and Iran
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Table 2-Variance analysis of the effect of Scariola orientalis, Artemisia sieberi, Salsola richteri species and different
distances of Sangan Khaf mine on different factors of pb element based on split plot design

Shoot pb root pb soil pb
(CF) pb (BCF) pb (BAC) pb concentration concentration concentration
Source DF
F F F F F F
Vegetation 2 104.2* 111.1™ 147.6™ 147.6™ 152.12™ 59.2™
Repetition 2 47 2.4 18 18 2.6 33
D'St"”ﬁfi:fm the 4 113.7" 99.7" 80.12™ 80.12™ 125.69™ 141.5™
Distance * Repeat ns ns ns ns ns ns
(Main erron) 6 64 60 71 71 51 .85
1 *
"eg.eta“on 6 88.03™ 9.6" 9.76™ 9.76™ 19.56™ 16.54™
Istance
Minor error 16
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Table 3 - Analysis of the variance of the effect of Scariola orientalis, Artemisia sieberi, Salsola richteri species and
different distances of Sangan Khaf mine on different factors of Fe element based on split plot design

Source DF (CF)Fe  (BCF)Fe (BAC) Fe cor?:eon({[rggon conz(;?\i;(etion con(szg::tlr:;tion
F F F F F F
Vegetation 2 9.6™ 220.24™ 37.17" 95.14™ 250.75™ 1462.88™
Repetition 2 1.09 3.38 131 0.016 2.68 7772.02
Distance from the mine 3 25.24™ 34.11™ 1.44ms 43.25™ 224.5™ 156530.07™
Distance * Repeat (Main error) 6 1.70" 3.65" 0.73™ 0.92"s 0.51" 1469.27"
vegetation * distance 6 8.55™ 8.34™ 1.85™ 0.38™ 19.4™ 51.394™
Minor error 16
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Figure 4- Mean Comparison of the average effect of Scariola orientalis, Artemisia sieberi, Salsola richteri species on
different factors of Fe element
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Table 4 - Variance analysis of the effect of Scariola orientalis, Artemisia sieberi, Salsola richteri species and different
distances of Sangan Khaf mine on different factors of Cu element based on split plot design

Shoot Cu root Cu soil Cu
(CF) Cu (BCF) Cu (BAC) Cu concentration concentration concentration
Source DF
F F F F F F

Vegetation 0.81m 18.10™ 48.11™ 41.66™ 9.76™ 0.38m™

Repetition 10.47 1.3 2.61 2.86 0.98 10.99
pistance ;;om the 4 223.10™ 5.2" 205 86.31" 217 239.48™

H *

Distance * Repeat ¢ 1.99™ 1.500™ 2.98" 4.95" 0.98™ 2.0719"

(Main error)
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Shoot Cu root Cu soil Cu
(CF) Cu (BCF) Cu (BAC) Cu concentration concentration concentration
Source DF
F F F F F F
vegetation * s s N - - N
distance 6 0.84 2.313 8.901 7.75 1.54 0.452
Minor error 16
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Figure 6- Mean comparison of the average effect of Scariola orientalis, Artemisia sieberi, Salsola richteri species on
various factors of Cu element
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Figure 7 - The mean comparition effect of different distances from the mine on different factors of Cu element
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Table 5-Mean comparison of the interaction of Scariola orientalis, Artemisia sieberi, Salsola richteri species on
various factors of Cu element

Shoot Pb root Pb

soil Pb

* concentration concentration concentration (BCF) Pb (BAC) Pb (CF)Pb

11 376.66° 236.0? 517.662 1.452 1.722 1.95¢

12 144.33¢ 97.66° 409.33¢ 0.239" 0.35%f 1.54¢
13.00 190.00° 137.00° 319.33¢ 0.42% 0.59° 1.20f
14.00 139.33« 108.0¢ 265.33¢ 0.40b¢ 0.52b¢ 1.009
21.00 147.6667 106.00° 513.002 0.20 0.28°f9 4.502
22.00 37.00f 51.00¢ 319.33¢ 0.16' 0.11" 2.80°
23.00 103.33¢% 96.00°¢ 260.008 0.36¢% 0.39¢% 2.28°
24.00 54,33 34.33¢ 114.33f 0.30¢f 0.47¢ 1.009
31.00 125.66% 123.00° 463.66P 0.26 0.27% 1.844
32.00 25.339 39.66¢% 389.00°¢ 0.10 0.06" 1.54¢
33.00 73.33¢f 101.66°¢ 303.33¢ 0.33% 0.24f 1.20f




24

. Shoot Pb root Pb
* concentration concentration concentration (BCF) Pb (BAC) Pb (CF)Pb
34.00 45.33f 54.33d 252.008 0.21h 0.179% 1.00¢
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Table 6-Mean comparison of the interaction of Scariola orientalis, Artemisia sieberi, Salsola richteri species on
various factors of Fe element

Shoot Fe root Fe

soil Fe

* concentration concentration concentration (BCF) Fe (BAC) Fe (CF) Fe
11.00 102511.3% 106200.0* 72993.672 1.452 1.40b¢ 2.9600%f
12.00 82998.66" 61650.0° 45208.66° 1.36%® 1.85% 2.469%f
13.00 60819.33° 48600.0° 40340.33" 1.20¢ 1.51b¢ 2.840%f
14.00 63001.66° 43950.0° 31752.00% 1.422 2112 2.330ef
21.00 64450.66° 47725.0° 68614.002 0.69¢ 0.93cde 6.98
22.00 45105.66% 43216.0¢ 42495.66° 1.02¢ 1.06% 3.67«
23.00 23717.00% 15450.0¢ 37920.00b° 0.40¢ 0.62¢% 1.74
24.00 16040.339 22999.3¢ 29846.66¢ 0.78¢ 0.54¢% 2.190f
31.00 54853.66% 55350. 71533.332 0.77¢ 0.76¢% 5.520
32.00 32010.33¢f 45695.00° 44304.33° 1.02¢ 0.72¢ 3.56¢de
33.00 19788.331 24431.33¢ 39533.33° 0.61¢ 0.50¢% 4.500¢
34.00 11058.339 17850.00% 31117.00% 0.58¢% 0.35¢ 2.09¢f
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Table 6-Mean comparison of the interaction of Scariola orientalis, Artemisia sieberi, Salsola richteri species on
various factors of Cu element

* coi(k:]:r?ttrgtlijon conrc%%ttlgl:ion conizlritcr::tion (BCF) Cu (BAC) Cu (CF) Cu
11.00 753.332 755.002 810.662 0.9542 0.959° 2.573¢
12.00 580.332 438.333° 427.33bcd 1.0242 1.3472 1.35P
13.00 278.66° 372 33cde 374.66" 0.9942 0.753° 1.19°
14.00 288.66°¢ 320.000def 315.33¢ 1.0142 0.927° 1.00P
21.00 578.66% 654.3332 775.002 0.856% 0.753° 2.3002
22.00 662.33% 466.333" 457.33b 1.0142 1.442 1.356°
23.00 108.66° 109.66 400.66" 0.2744 0.27¢d 1.190°
24.00 73.66¢ 163.33¢f 337.33¢ 0.485b¢d 0.217¢ 1.003°
31.00 499.00P 393.33 810.662 0.4880cd 0.629b¢ 2.4502
32.00 146.66% 325, Qcdef 449,00 0.723bc 0.325¢ 1.356°
33.00 90.66% 173.66%f 393.000<d 0.440¢d 0.2294 1.186°
34.00 50.66¢ 127.00f 331.33¢ 0.38« 0.152¢ 1.00P
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Table 8- Concentration of elements in Universal soil and standards of china and Canada for soil quality (mg/kg)

(Fe) (CU) (Pb) Element
49304 490 343 Average
156 19 16 Standard Deviation
24947 300 108 Minimum
74940 944 524 Maximum
47000 14 25 Global soils
3000 - 83 Standard WHO
400 80 (ISQGsb) Standard of Iran Environmental Protection Organization
100 300 (ChSQGSc) Standard of China Environmental Protection Agency
63 140 (CSQGsd) Environmental Protection Agency of Canada standard
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