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Abstract ; Heavy metal pollution caused by industrial sewage and agricultural production is becoming an increasingly serious
problem. Cadmium( Cd) is one of the most phytotoxic heavy metal elements and is attracting increasing research attention. It
easily enters the food chain and poses considerable threat to human health. Vetiveria zizanioides is a tall (1—2 m) , fast-
growing , and perennial tussock grass that is eurytopic in terms of habitat choice. It develops a long (3—4 m) , massive,and
complex root system that can penetrate the deeper layers of the soil. V. zizanioides has a strong tolerance for Cd, and it can
adapt to tolerate Cd at low concentrations over a long period, or high Cd concentrations over a short period.The Cd can be

absorbed and stored by V. zizanioides while retaining its stability. Healthy and equal-sized plants were chosen, cleared, and
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cultured for 7 days in complete Hoagland nutrient solution. After the plants had grown buds, they were treated with different
gradients of Hoagland’s solution modified by adding Cd with cadmium sulfate (1:1) hydrate (3:8) (3CdSO, - 8H,0) to
create Cd concentrations of 0, 1, 3, 5, and 7 mg/L.The experiments were carried out separately in three different groups.
The plants were harvested after 10 days. The whole plant was washed under tap water and rinsed with deionized water. The
roots, stems, and leaves were separated, put into a cabinet dryer at 105°C for 30 min, further dried in a cabinet dryer at 80
“Cfor a another 48 h and finally milled into a fine powder (less than 200-mesh) with a stainless steel attritor. This study
deals with the physiological response of the changes in chemical contents in the root, stem, and leaf of V. zizanioides
seedlings stressed by excess cadmium ions ( Cd**) using the Fourier transform infrared spectroscopy technique ( FTIR).
Cadmium ( Cd) accumulation in plants and its subcellular distribution ( determined by atomic absorption spectroscopy) were
tested under the different Cd** concentrations to elucidate the mechanism of Cd* tolerance and the accumulation
characteristics of Cd* in V. zizanioides. This result indicates that after an initial decline, absorbance in roots of the dominant
infrared band (near 2,927 cm™") exhibited an increase. At low Cd* concentrations ( <3 mg/L) , organic acids secreted by
V. zizanioides were able to chelate Cd**, which leading to a decrease in carboxylic acid O—H. At high Cd** concentrations
(>3 mg/L), chelating activity decreased, which was followed by an increase in organic acids. After an initial increase,
absorbance changes in stems of the dominant infrared band (near 1,631 ¢m™) exhibited a decline. This indicates that at
low Cd** concentrations (<3 mg/L) , osmosis of organic substances (e.g. amino acids, peptides, and proteins) occurred
improving Cd*" tolerance.However, with the increase in Cd** concentrations, the binding force between peptide bonds and
hydrogen bonds in protein secondary structure was significantly affected. In addition, the plant accumulated large amount of
Cd*, up to the maximum of 212.49 mg/kg (shoot) and 290.59 mg/kg dry weight (root) after 10 days when the plant was
treated with a Cd** concentration of 7 mg/L. The Cd** in the shoot ( stem and leaf) usually increased with increasing Cd*
concentrations. Cadmium accumulated in leaves was mainly distributed in the cytoplasm, followed by the cell wall, and was
least distributed in the mitochondria and chloroplast. This study demonstrates the potential of the Fourier transform infrared

spectroscopy as a non-invasive and rapid technique for monitoring of plants stressed with heavy metals.
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Table 1 Accumulation and distribution of cadmium in V. zizanioides tissues and translocation factor in cadmium-treated solutions for 10 days

Cd2* kb p Hi |43 Shoots/ mg/ kg T #843 Roots/mg/ kg -
Treatment of cadmium cd BF cd BF

Ck 1.60+0.02° - 4.93+0.12° - 0.32

tl 30.39+0.24¢ 0.86 35.18+0.13¢ 0.83 0.28

2 65.51+0.25° 0.91 108.91x0.30° 0.40 0.60

13 119.03+0.35" 0.75 255.68+0.47" 0.32 0.47

14 212.49+0.71* 0.58 290.59+0.98° 0.64 0.73

1) [AZ AR AR 2R 8% (P<0.05);2) Ck: M8 (0 mg/L); t1: 1 mg/L; 12; 3 mg/L; 3; 5 mg/L; t4: 7 mg/L; 3) Cd: 47
BF WERLL, TF. ¥a R M

2.2 CA™ FEA AR B Fy oA 04 IV 48 53 A7

Cd™ FEAFHLF Iy P 1) SV 200 0 26 3 1) 43 A A Y 29, Her 23 S e 91 e e R 2 7E A LB, A BE TR 2, 3% i
DR RTEM SRR RZRA (K 2) . B CA™ WREEMIG =, it Cd™ BV B S A S BB, 2 Cd™ e
<3 mg/ LI, CA™ 7E 20 L BE FN A0 A5 b ) 40 B FU Rl Cd™ A B B8 4 v 1 3, 177 24 Cd™ ¥R >3 mg/L I, Cd™
T BRLRE P 14 3 TC LU BB Cd™ b $HE i R 184 2 177 I, 76 40 B BT Cd™ 19 43 TC L 49 5 v s 2 At o 2> .
AESEANM Y47 Cd™ IIBE A BR

®2 CAEBEREM FHTHMSY T

Table 2 Subcellular distribution of cadmium in the leaf of V. zizanioides

Cd* 1 BE CA> ZE AR B F A E 4014345 Subcellular distribution of cadmium in leaf of V. zizanioides mg/kg
Concentration of 24 U LRtk il J=8,
cadmium/ (' mg/L) cell wall chloroplast mitochondria cytoplasm total
0 0.28+0.01°(25.93)  0.06 £0.00°(5.56)  0.13 £0.00°(12.04)  0.61 +0.02°(56.48) 1.08 £0.01°(100)
1 6.11+0.049(27.29) 0.31 £0.04%(1.38)  0.42+0.00?( 1.88) 15.55 +0.33(69.45) 22.39 £0.16°(100)
3 9.16+0.02°(25.54)  0.47+0.02°(1.31) 0.67+0.17°(1.87)  25.57 +£0.24°(71.29) 35.87 £0.17¢(100)
5 13.16£0.10°(21.41) 0.73 £0.10°(1.19)  0.97+0.05"(1.58) 46.60 +0.35"(75.82) 61.46+0.57"(100)
7 15.20£0.25°(21.33)  0.98 +0.14°(1.38)  1.48 £0.12°(2.08)  53.59+0.41°(75.21) 71.25 £0.72°(100)
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Fefdl 2y SRR ISAEASZ R0 BRAIE 1 OG5 A P AN AR A9 E 3 EA T, X P RE R B AR B XS Cd™ A — &
T 52 P £ S PR S
2.3 A[FHKEE Cd* AbBEXT AR FAR ZEFIH Y FTIR 2047

TEATFIHREE Cd* e T, AT FTIR X AR B AR 25 H5E , 0 AR BIZ0AMD S R (IR 1) . EEL5h
T 2 :3380—3429 em ™ ALY RS TR AR O—H H RN MR IR SN0, R Bk A TA4ER a4
R EWEHAMEY ' 129202927 em ™ BFUTER IR O—H 5 H B A C—H #1045 PR 3 i fp g, 22
e 11T 2 A 2R R i A MR A i B PR L A S0 516311645 em BRI S N—HL Mg ) 251 ot i 3 i
Horfr 1 645 em ™1 ZE AT IR A IBERL 65 WA T 4 (45 —CONH— Py C =0 figidkah) " 2 & AT
AORFIELL GRS 5 1395—1415em™ Ak J2& 55 il i AL 5 1 (4% iR 20 i BE ) (9 41 21 rp T 2 C—H 12 R AR 3
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Fig.1 Fourier Transform Infrared spectra of root, stem, leaf of V. zizanioides by cadmium treatment
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