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Table 1- Physical and chemical characteristics of soil used in this study
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Table 2- Some chemical and biological characteristics of rhizosphere and bulk soils treated with chelators

oY £y "y dowe oS Jglome poleg 05
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DOC MBC
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Chelate type Con.
R B R B R B
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cale :Con. sb.\95 B s)m»”.:) ‘R J.«»L:L;o o )0 5 JL«O‘ 5|a.u 2 LQUS)L.A )‘) L;uw uj‘.m alis L;)Jf P Lgl)J ujl&w d5)>
different letters show significant differences at the 0.05 probability level for each treatment. R: rhizospher; B: bulk;
Co: Concentration.
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Table 3- The effect of chelators on extracted Cu (mg kg?) by varous exteractants in the bulk and the rhizosphere soils

oS g9 chlé  DTPA-TEA AB-DTPA 3 mdeeo 1 e

Chelate type Con. Aagiiy 039 g, 039 gy 039wy, 0393

R B R B R B R B

0  0.208° 0.202° 0.404" 0.476° 1.14° 1.17% - -
s EDTA 0.5 0.207° 0.288% 0.461° 0.492° 1.38"% 1.63% 0.107° 0.087°

PRS2 Jgo e

(mmol kg% 1 0310® 0.326° 0.480° 0.527° 1.43°¢ 1.83% 0.124° 0.105°

(p1S5kS 52 Jsoiskes) S s Sl 0.5 0.295™ 0.288"" 0.440° 0.466" 1.30°° 1.61% - -

Citric acid ( mmol kg™) 1 0.314% 0.300"° 0.463" 0.776° 1.52" 1.58%° - -

(,S5kS 52 5,8) L po 355 ojlias 05 02609 0.243* 0.426° 0.452° 1.45° 149 - -

Poultry manure extract (g kg™?) 1 0.243% 0.279°@ 0.468° 0.489" 1.38°% 146" - -

0355 1B yawg iy (R gy il Gl olftwss jasuis bl eS = b e s 5 Jlosin] e 53 by Kibo s ime gty Sl jlaws o (4l Ciglisio gy
clale :Con.

different letters show significant differences at the 0.05 probability level for each treatment. not detected by Atomic
Absorption Spectrophotometer. R: rhizospher; B: bulk; Co: Concentration.
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Table 4-The effect of chelators on Cu fractions (mg kg?) in the bulk and the rhizosphere soils

X SRSl ol Wgm T o3lo b sl Wigw
S o3 i aely,s e 5 o sailessly
Exchangeable Carbonate Iron-manganese Organic matter Residual
bounded oxides bounded bounded
Chelate type Con. Fweity 839 hwgi, 03§ Ay, ey Sugiry 3§ Jwghy,  edy
R B R B R B R B R B
0 - - 332" 281" 6.01" 5.50° 5.89° 599 946 g25%
(,SokS 5 Jgoise) EDTA 05 - - 461° 438°  6.84° 596 790" 6.42° 1140 10.20"”
(mmol kg™ 1 - - 478  4.54% 9.02° 8.08° 9.090% 920%™ 1295 11.75%°
(,55hS 2 soisen) <oy 05 - - 4.15° 3.7 7.02" 5939 8.32%  9.37®  11.20™ 10.15™
Citric acid ( mmol kg™) 1 - - 461% 441 8.53" 7.74° 8.69"¢ 9758  12.53® 11.08%°
(,S5kS 52 5,8) L po 355 ojlias 05 - - 320 295"  6.50° 4.48' 6.16"  6.75° 853  7.65°
Poultry manure extract (g kg™?) 1 - - 3.51% 3050 5.00" 4.79" 535 590 943 g28%

cbale 1CoN. w3g5 B awg, R g o3l e oS jasids do )l meS = oy D w3 I e BB 1B (a3, g e b 0 wlde By b clapSile
different letters show significant differences at the 0.05 probability level for each treatment. not detected by Atomic Absorption Spectrophotometer.
R: rhizospher; B: bulk; Co: Concentration.
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Table 5- Correlation coefficient (r) between extracted Cu by varous exteractants with Cu fractions and Sunflower properties
in the bulk and the rhizosphere soils

b o g <52 9 o2l glaas 1}3 o Mg 23 Jfoale b oAl W sir .
boly,s preees Organic matter Residual
Carbonate bounded  lron-manganese oxides bounded bounded
Sy ssSk
DTPA-TEA 0.58"™ 0.66™ 0.67"™ 0.52"
AB-DTPA 0.69"™ 0.56"™ 0.49"™ 0.67™
1 5“““’ 0.99" 0.61" 0.41" 0.65"™
Mehlich 1
3 5“““’ 0.99" 0.61" 0.42" 0.65"™
Mehlich 3
oyl s o clale - 0.56™ 0.37™ -0.14™ 0.64"™
Cu shoot concentration
g:“: ’)“‘“‘_Id -0.99" -0.61" -0.41" -0.65™
oot yei
U“:’k 0.69™ 0.10™ -0.40™ 0.40™
ptake
a>95 Lthm_fB
DTPA-TEA 0.68™ 0.53™ 0.67™ 0.68™
AB-DTPA 0.51"™ 0.68™ 0.59"™ 0.66"™
1
Mo m . 0.68™ 0.55™ 0.66"™ 0.69"™
M3 ﬁ] 5 0.67™ 0.53™ 0.67"™ 0.68™
enlici
M) e clale - O.GOHS -O.llns O.63ﬂs O.29ns
Cu root concentration
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oot yei
U;t:k . 0.40™ -0.34™ 0.43" 0.06™
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Introduction: Rhizosphere is commonly defined as the zone where root activity significantly influences the
biological and chemical properties of the soil. Biological, physical and chemical characteristics of rhizosphere,
especially metal availability and metal chemical forms are different than the bulk soil. Plant roots continuously
release compounds such as sugars, amino acids, and carboxylic acids. Plant roots have the ability to transform
metal fractions for easier uptake through root exudation in the rhizosphere. This study was conducted to
investigate change in availability and fractions of Copper in the rhizosphere of sunflower (Helianthus annuus L.)
in a sandy contaminated soil treated with chelators (EDTA, citric acid and poultry manure extract (PME)) in
greenhouse condition.

Materials and Methods: In this study, EDTA and citric acid were used at concentrations of 0, 0.5 and 1
mmol kg™ soil and PME was used at concentrations of0, 0.5 and 1 g kg™ soil. Three seeds of sunflower were
planted in the rhizobox. After 10 weeks, plants were harvested and rhizosphere and bulk soils were separated.
Dissolved organic carbon (DOC), microbial biomass carbon (MBC), available Cu (by using 7 chemical
procedures including DTPA-TEA,AB-DTPA, Mehlichl, Mehlich3, CaCl, 0.01 M, rhizosphere-based method
and distilled water) and Cu-fractions were determined in the rhizosphere and bulk soils.

Results and Discussion: Rhizosphere soils properties were different with bulk soils. The results showed that
the mean of DOC and MBC in the rhizosphere soils were higher than the bulk soils, but this difference was
significant in some treatments. The mean value of pH in the rhizosphere soils was significantly (p<0.05) smaller
than one in the bulk soils. The amounts of extracted Cu by different methods in the rhizosphere were lower than
ones in the bulk soils. The amounts of exteracted Cu with extractants ranged from 0.023 to 1.83mg kg™. The
amounts of extracted Cu by distilled water, rhizosphere-based method and CaCl, 0.01 M were not detected by an
atomic absorption spectrophotometer. The maximum and minimum amounts of Cu were exteracted by mehlich3
and mehlichl methods, respectively. As chelators added to soil, increased the amount of available Cu. Cu
extracted by mehlichl was read only by an atomic absorption spectrophotometer when EDTA added to the soil.
In the rhizosphere and bulk soils treated with chelators, the greatest amounts of copper were observed in the
residual, bounded to organic matter, bounded to iron and manganese oxides, bounded to carbonates and
exchangeable fractions, respectively. The exchangeable Cu fraction was not detected by an atomic absorption
spectrophotometer. The mean values of Cu bounded to carbonates, bounded to iron and manganese oxides and
residual fractions in the rhizosphere were higher than ones in the bulk soils. The mean value of Cu bounded to
organic matter fraction in the rhizosphere was smaller than one in the bulk soil. The amounts of Cu fractions
ranged from 2.81 to 12.95mg kg™. In the rhizosphere soils, Cu exteracted by Mehlich 1 and Mehlich 3 were
significantly correlated with Cu bounded to organic matter fraction (r = 0.99), and shoot dry mass was
significantly correlated with Cu bounded to carbonates (r = -0.99). In the bulk soils, Root dry mass was
significantly correlated with Cu bounded to iron and manganese oxides (r =- 0.99).

Conclusions: In the present study, the effects of EDTA, citric acid and PME on bioavailability and fractions
of Cu in the rhizosphere of sunflower (Helianthus annuus L.) plant grown on a sandy contaminated soil were
investigated. The chelators and environment had significant impacts (P<0.05) on Cu extracted by different
extractants. The maximum and minimum amounts of Cu were exteracted when the EDTA (1 mmol kg™) was
added to the soil and no chelators were added to the soil (control condition), respectively. The results of this
research illustrated that availability of Cu in the rhizosphere soils are different from the bulk soils. Also, the
present studyshowed that the Cu values extracted with seven different chemical extractants from the rhizosphere
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soils were significantly lower than ones in the bulk soils. Furthermore, Cu concentrations in various chemical
soil fractions differed between rhizosphere and bulk soils. This shows that the sunflower root-that induced
modifications of soil physical, chemical, and biological conditions not only leads to depletion in mobile fractions
of soil Cu, but also modifies the soil Cu fractions which are commonly considered as more stable. Therefore,
using the rhizosphere soil would be recommended in the study of available Cu.
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