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Table 1. Variance analysis of soil Chromium and biodegradable chelates on vetiver root matter

Mean square

Source of variation df RV RD RWW RDW RWC
(cm?) (gem™) (g pot™) (g pot™) (%)
Chromiumsoiry 3 2579 " 0.006** 1445 s 189 8.15*
EDDS 3 4338 s 0.001 ™ 4202 s 141" 1.35"m
ChromiumoinxEDDS 9 228 s 0.004+ 293 " 23" 1.66 "
Error 32 7311 0.002 6421 384 6.62
Coefficient of variation (%) - 32.48 5.26 33.54 41.33 3.20
Chromiumoi 3 3523 0.005"™ 4178 276 ™ 0.990 ™
MGDA 3 30951**  0.002"™ 27065 1465 ** 3521 ™
Chromiumin*xMGDA 9 1166 " 0.005* 1708 " 86" 0.735™
Error 32 7808 0.005 6413 383 5.79
Coefficient of variation (%) - 31.08 8.13 30.69 38.61 2.97

3l e bl Sy Gl ly @i 50 000 Sy 5 gy o0 slaglan 1 (53 3575 S N sre S5y o e i we s FH 5 ¥ 5T NS
Significant F-test value was indicated by *(p< 0.1), *(p< 0.05), **(p< 0.01), and ns= not significant obtained by one-way ANOVA analysis.
RV: Root Volume, RD: Root Density, RWW: Root Wet Weight, RDW: Root Dry Weight, RWC: Root Water Content
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Table 2. Main effects of biodegradable chelates and soil Chromium on root matter of vetiver grass

Soil Chromium and MGDA mg/Kgey ~ Soil Chromium and EDDS mg/Kgsi

Source of variation 0 100 200 400 0 100 200 400
Root VVolume (cm?) 309°  278%  278%  270% 2749% 2743% 2500% 234.3%
Root Density (g cm3) 091° 095% 090° 090° 088 089k 091% 0932
Root Wet Weight (g pot™) 284°  264% 2538  240% 2523  242& 2328  228%
Root Dry Weight (g pot™) 572 508 48° 46 53.0% 47.2% 44.9° 4432
Water Content (%) 802 81@ 80 ¢ 802 79>  go®  go®d 1@

Root Chromium (mg kg™ootay) 5.869¢  13.89¢ 19.26° 45452  3.0¢ 150°¢ 22° 46

Db (S5 o505] Lawgi b SKilos i olusl 1 0o ,0 gty o e grhaw 58 1o )led lo e WS 5525 0oy Lid dilin (a5l LB > -
- Different letters within rows indicate significant differences according to Tukey's multiple range
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Figure 1. Variation of root growth parameters affected by MGDA and EDDS levels in soil chromium on
vetiver
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Table 3. Variance analysis of soil Chromium and biodegradable chelates on vetiver shoot matter

Mean square

Source of variation df SL SD SWW SDW SWC
(cm) (cm) (g pot™?) (g pot™) (%)
Chromiumeon 3 81T+ WA 2626° 500° 33.66™
EDDS 3 445 6.53* 20.21" 282+ 3.66 ™
ChromiuminxEDDS 9 61 0.24m 151 14 577"
Error 32 114 2.01 1685 256 92.58
(C(,/O(J;’ﬁ'c'e”t of - variation ; 10.58 13.83 26.02 30.54 14.27
Chromium 3 1249+ 1241 4764% 674% 262 **
MGDA 3 566° 16" 42847 616 4118
ChromiumssinxMGDA 9 56 ™ 2.7 535 62 ™ 52 s
Error 32 93.8 3.23 949 166 56
Coefficient of variati
oy o O YA 9.41 1856 2079 2614 1093

Al o a8,k S il g 4525 10 oy S g iy 00 (Slagrlans 10 (5 5 sime D979 ¢8I Sixe S92y pae sl LS a4 s ¥ F g* NS
Significant F-test value was indicated by *(p< 0.1), *(p< 0.05), **(p< 0.01), and ns= not significant obtained by one-way ANOVA analysis.
SL: Shoot Length, SD: Shoot Diameter, SWW: Shoot Wet Weight, SDW: Shoot Dry Weight, SWC: Shoot Water
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Table 4. Main effects of soil Chromium and biodegradable chelates on shoot matter of vetiver grass

MGDA and Soil Chromium mg/Kgssy EDDS and Soil Chromium mg/Kgsoiry

Source of variation 0 100 400 0 100 200 400
Shoot Length (cm) 1152 106° 93¢ 1122 98" 97° 94°
Shoot Diameter (cm pot™) 9.36 2 9.84% 10052 9472 10.17% 10.09? 10.02 10.71#
Shoot WET Weight (g pot™) 1782 138.5° 138.3° 137.7° 1792 154° 152° 144
Shoot Dry Weight (g pot™?) 60°  44b 48P  45° 61767 5096 5024 46.87°
Water Content (%) 65° 66° 67° 754 65.7 8 67.42 68.72 69.92

Shoot Chromium (mg kglsnee) 1.79°  1.81°

2.01%® 2,652 1.29¢ 250 2.6° 2.8

Aibse (S5 oge3l lawg b Silie duslia wlul 5 9o pd g (6 0 sime glaw 1 o )les o sime IS 3429 saimo lis dlasl (gg) wlie e Sl g >
Different letters within rows indicate significant differences according to Tukey's multiple range tests.
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Figure 2. Variation of shoot growth parameters affected by MGDA and EDDS levels in soil chromium on
vetiver grass
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Table 5. Variance analysis of soil Chromium and biodegradable chalates on Shoot & Root matter

BCF
Source of variation af S/IRW  S/IRD Scr Rcr TF rooticr
Ratio Ratio (ppm) (ppm) shootcy / rootc) Jsoilicy
Chromiumsoiry 3 0.027™ 0.048"™  5.36**  4016** 0.007** 0.06**

EDDS 3 0017™ 0085 1435*  894**  0,002"
ChromiumenxEDDS 9 0.013™ 0.066™ 158%  235%*  0005% 0.04°*
Error 32 006 0156 042 8552 0011 0.02
Coefficient of variati
oy O YAEEN 3573 3376 2874 4162 76.0 50.26
Chromiumgsory 3 0021™ 0.078"™  1.94%  3521%* 0.007%* 0.05**
MGDA 3 0003™ 0006™ 1539%  481**  0003* 002
ChromiumepxMGDA 9 0.018™ 007%™ 072"  130*  0.008° 0.05*
Error 32 0028 011 128 543 0.008 0.05
e ot i
e of VARION - og07 3284 5477 103 74TL 60.13

wibioe @b S uilly S 50 0ops Ko g g 0o slagan 53 )l 397 w6 e 3979 pas saad L S Sa ae T ST 55 Ns
Significant F-test value was indicated by *(p< 0.1), *(p< 0.05), **(p< 0.01), and ns= not significant obtained by one-way ANOVA analysis.
S/RW: Shoot/Root Wet Ratio, S/RD: Shoot/Root Dry Ratio, SCr: Shoot Chromium, RCr: Root Chromium, TF: Translocation Factor,
BCF: Bioconcentration Factor
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Figure 3. Variation of root Chromium concentration affected by biodegradable chelates and soil chromium
levels on vetiver grass
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Figure 4. Variation of shoot Chromium concentration affected by biodegradable chelates and soil chromium
levels on vetiver grass
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Figure 5. Variation of root bioconcentration factor (BCF) affected by biodegradable chelates and soil
chromium levels on vetiver grass
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Abstract

The combined use of chemical chelates along with the planting of hyperaccumulator plants has been
suggested as an effective method to increasing the extraction efficiency of heavy metals and helping
to improve contaminated soils. Vetiver is known as a resistant plant to salinity, drought and high
concentrations of heavy metals. Recently, the use of biodegradable chelates in soil refining from
heavy metals has been considered by researchers. This study was designed to investigate the effect
of different levels of biodegradable chelates Ethylenediamine-N,N'-disuccinic acid (EDDS) and
methylglycinediacetic acid (MGDA) on increasing the adsorption of Cr(IV) by Vetiver grass.
Chelates concentration were defined at four levels (0, 1, 2, 4 mmol/Kg soil) and soil chromium
contamination at four levels of potassium dichromate (0, 100, 200, 400 ppm). The results showed
that the vegetative growth characteristic decreased with increasing soil chromium and chelates
concentration. The use of 4 Mmol of MGDA on soil chromium concentrations (0, 100, 200 and 400
ppm) increased the chromium ratio in root by 1.26, 2.0, 1.48 and 2.5 times and this ratio in treatments
of EDDS were 1.5, 2.7, 2.25 and 2.9 times more than the control treatment, respectively. Also, the
use of 4 Mmol of MGDA in shoots increased the chromium ratio by 2.8, 3.7, 4.1 and 4.2 times and
in EDDS were 1.5, 3.8, 4.1 and 6.7 times more than the control. Increasing chelates concentration
from 1 to 4 Mmol in all soil chromium levels increased the ratio of shoo/root chromium and showed
higher performance of EDDS than MGDA. The effect of soil chromium levels and chelate
concentrations on biomass and vegetative characteristics of roots and shoots was decreasing, but
EDDS increased plant diameter. The results of bioconcetration factor (BCF) and translocation factor
(TF) showed that Vetiver have a special ability in phytoextraction of soils contaminated with
hexavalent chromium. The treatment of EDDS at 4 Mmol intensifies the absorption of chromium,
especially in the roots and to some extent increases its transfer to the shoot of vetiver grass. Therefore,
this compound is introduced as a suitable biodegradable chelate to increase phytoremediation
efficiency by vetiver in chromate-contaminated soils.

Keywords: Soil contamination; Chromium bioaccumulation; (Chyrsopogon zizanioides); MGDA,
EDDS.
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