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Article type: Research Article To understand the potential for cadmium (Cd) accumulation and growth rate in the native

Iranian nickel-hyperaccumulating plant (Odontarrhena inflata) compared with nickel (Ni).
Then, the characteristics of serpentine soils in the Sarvabad region of Kermanshah province
were assessed. For this purpose, first, the soil characteristics were evaluated for acidity,
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the accumulation of these metals in the root and shoot of O. inflata is enhanced. The average
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EXTENDED ABSTRACT

Introduction

Serpentine soils are derived primarily from ultramafic rocks composed of ferromagnesian silicates. These soils are
often rich in heavy metals, predominantly Ni, and poor in essential macronutrients. Moreover, they are usually
shallow, stony, highly porous, and low in organic matter, resulting in low water-holding capacity. Low Ca/Mg
ratios further characterize them. Therefore, vegetations of natural serpentine are floristically very distinct from
non-serpentine vegetations in neighboring areas. Serpentine areas are widespread in many parts of our country,
but in the western parts (Kermanshah), they have high precipitation (700 mm) and rich vegetation.
Phytomining can be considered a new technology that uses a hyperaccumulator for economic metal recovery.
It provides an innovative approach that can exploit low-grade Ni resources in soils derived from ultramafic
outcrops, which are not accessible using conventional mining technologies. Hyperaccumulator plants collected
heavy metals in their shoots at the highest concentration specific to each heavy metal. Odontarrhena inflata is
a nickel-hyperaccumulating Iranian serpentine endemic in Kermanshah province. It has high potential for Ni-
agricultural mining. Cadmium (Cd) is one of the most toxic non-essential heavy metals. Some
hyperaccumulator plants can accumulate more than one heavy metal. Given that there was no report on the
resistance and accumulation of this hyperaccumulator plant against the heavy metal cadmium, we decided to
evaluate its resistance and accumulation compared to nickel in the present study.

Material and methods

Soil samples were collected from around the roots of the Ni-hyperaccumulator O. inflata plant growing
in a serpentine habitat. The acidity, water holding capacity, and organic compounds were determined, and after
acid digestion, the concentration of heavy elements was measured by the use of acid digestion and different
solvents. Seeds of O. inflata were collected around the Kermanshah serpentine soils. The seedlings were
grown in a greenhouse with a 16 h photoperiod (light intensity 200 uEm 2 s '), day/night temperature of 25/20
°C, and regularly watered with one-fourth-strength modified Hoagland’s solution for 25 days. Then they were
exposed to 0, 50, 100, 200, 300, and 350 mg/L treatments of Ni and 0, 10, 20, and 40 mg/L treatments of Cd
for 14 days. The nutrient solutions were aerated continuously and changed every three days. Shoot and root
dry weights were measured after drying in an oven at 70 °C for 48 h, and Ni and Cd concentrations were
determined in roots and shoots using a flame atomic absorption spectrophotometer (AAS, Shimadzu model
6200). The Ni and Cd translocation factor (TF) from root to shoot was calculated as their concentration in the
shoot divided by their concentration in the root.

Result

The results show that the serpentine soils of this region are rich in Fe (iron) and Mg (magnesium), low
in organic matter and water holding capacity, high average Ni (1468 mg/Kg), low calcium to magnesium ratio
(47/0), and alkaline pH. With increasing concentrations of Ni and Cd, the shoot and root dry weight decreased,
so that in the highest concentrations of Ni (350 um) and cadmium (40 um), the dry weight of shoots decreased
by 47.7 and 65.5%, respectively, compared to the control group, and the dry weight of roots reduced in these
highest treatments by 38.4% and 46.2%, respectively. It should be noted that the high concentration of Ni in
the medium was more than 8.7-fold that of Cd. Ni and Cd accumulated in the roots at the highest concentration
by 3140 and 3858 pg/g dry weight, respectively. But these metals accumulated in the shoot were 6516 (Ni)
and 353 (Cd) pg/g dry weight, respectively, of O. inflata. The translocation factors (TT) were recoded, 2.7 and
0.13 for Ni and Cd, respectively.

Conclusions

The characteristics of the studied soil indicate nutrient deficiency, rich in heavy elements, especially Fe,
Mg, and Ni, which is in agreement with other reports of serpentine soils. The dry weight of the shoots and
roots of the hyperaccumulator plant decreased as the concentrations of Ni and Cd in the medium increased.
This decrease was greater at the highest level of Cd. Accumulation of Ni and Cd in shoots and roots increased
with increasing concentrations of these heavy elements in the medium. The translocation factor of Ni and Cd
was higher and lower than 1, respectively, so Ni and Cd accumulated in the shoots and roots of O. inflata. This
demonstrates that O. inflata is a Ni-hyperaccumulator but an excluder for Cd. Therefore, the fact that this plant
is a hyperaccumulator of Ni cannot be a basis for its hyperaccumulation of other heavy elements. Regarding
the adaptation of this plant to Iranian serpentine soils, it can be used for nickel phytomining and
phytoremediation in serpentine and nickel-contaminated soils.
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