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Figure 1- The rhizobox used for this study
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Table 1- Levels of sequential extraction of Tessier

Fraction o boss o 8

Extractant ,5s Las

Extraction (g ,8o,las byl i

Exchangeable (Ex)
Carbonate (Car)

Oxide (Fe & Mn)

0,
Organic Mater (OM) (30%)

Residual (Res)

8 ml MgClz (1M)
8 ml C2HsNaO:2 (1M)

20 ml HsNO.HCI (0.04M)
3 ml HNOs (0.02 M) + 5 ml H202
3 ml H202 (30%)

5 ml C2H7NO:2 (2.3M)
7 ml HCI + 2.5 ml HNOz + 0.5 Water

(HCI) pH=7, Shake (1h)
(CH3COOH) pH=5, Shake (5h)
CH3COOH (25%) , Shake (6h,
96°C)

(HNOs) pH=2 , Shake (2h, 85°C)
(HNO3) pH=2, Shake (3h, 85°C)
HNOs3 (20%) , Shake (30m)
25°C (16h), 100°C (2h)
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Table 2- Physicochemical properties of studied soil, before planted

(Texture) cal Sandy Clay Loam
pH 7.45
(EC) (dS mY) )l colan 3
(CEC) (cmolc kgl) a5l Jols cud b 35.4
(Phosphorus) (mg kgl) ja.s 11.45
(Potassium) (Mg Kg) eawls 245.3
(Total nitrogen) (mg kgt) Js' ;59,5 7245
(Calcium carbonate) (ss,) Sal 275
(Organic carbon) (we,s) JI cp,S 0.56
(Total cadmium) (mg kg'?) JS weesls’ clale 145
(DTPA extractable cadmium) (mg kg?) DTPA L (¢ So,las LB auedls’ clale 3

u.wS)i Jud axdlze 3,90 Jl&,b MDK&W 6&;}5&3—“ Joss
Table 3- Chemical forms of cadmium in studied soil before planting

. SLaST 4 Juaio ] .
Jols LB Bl S & Juaste o i 1 3130 43 iy silosdly
Exchangable Carbonate e "’b Organic mater Residual
Fe & Mn oxids
Cd ) podls clals
(mg kg 1.717 2421 1.419 1.140 0.417
S sy
M;(J/ Cd)) 28.08 39.60 23.20 2.29 6.81
0
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Table 4- Soil pH, CEC and organic carbon in different rhizobox zones, after planting

Treatment oy Zone 4l pH CEC (cmolc kg OC(%)
Rhizosphere ,ius 1, 7.68° 35.38° 1.15¢
Without organic mater JT sl o5 Close to Rhizosphere i 51, «S$s 5 7.70° 30.53° 1.15¢
Bulk soil ¢S o5 5 7.71° 33.67° 1.16¢
Rhizosphere i1, 7.76% 4051° 1.49%
With organic mater  JT osls L Close to Rhizosphere iy, ¢G5 7.77%® 43.60° 1.39°
Bulk soil ¢S’ o5 55 7.922 37.99° 1.542

Al od 45 xe BMBT (gl)ls 70 Jlos] o )3 S pide B9y 5]yl dlael
Numbers followed by the same letter are not significantly different (P<0.05)
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Table 5- Mean comparison of the effect of organic matter and distance from root on chemical forms of cadmium in studied

soil

Treatment ;lo.s Zone aab

Cd- Cd- Cd- Cd- Cd- Cd-
Ex Car Ox OM Res DTPA

Rhizosphere ,aus51, 172/ 214m™ 1.28™ 0.15™ 0.41m™ 1.92

Without organic  JT asle ¢ygu Close tq shwoply o35 173% 2407 142% 015" 0471 1.92b
mater Rhizosphere

(Bulk soil) S o3g 171m  227m™  151™  0.17™  0.45™ 1.99°b

Rhizosphere aus 3!, 156" 2.45™ 147™ 0.13™ 0.42™ 1.632

With organic mater JT salo U Close 10 jhuyi)y 205 159" 258" 150™ 014 036  157°
Rhizosphere

Bulk soil S& o 1.62m  248™ 143™ 0.18™ 0.39™ 1.552

b e I3 ine OS] (15 7 Jlas grdans 55 S jiia by (sl slae]
Numbers followed by the same letter are not significantly different (P<0.05)
23b o I gxe (g bl glis dgzg pac ailis ns
"s: not significantly different
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Figure 2- Concentration of Cadmium (mg kg) in root, shoot and total plant of corn
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Introduction: The pollution of soils by heavy metals due to human activities poses a serious concern for
human and environmental health. In order to evaluate the risks of heavy metal contamination such as cadmium
in soil, it is necessary to understand its bioavailability which depends on its chemical forms in the soil.
According to Tessier (1979), heavy metals can be found in various chemical forms in soil including
exchangeable, bound to carbonates, bound to iron and manganese oxides and bound to organic matter and
residual. These fractions significantly influence the cadmium mobility and bioavailability. Distribution of metals
in chemical forms in soil depends on soil pH, amount of organic matter, oxidation-reduction potential and ionic
strength. Root exudation, soil texture, cation exchangeable capacity and amount of calcium carbonate may also
impact chemical forms of cadmium. Many studies have showed that plant root may affect the chemistry of heavy
metals in soil root zone. The objective of this study was to evaluate the effect of organic matter on the
distribution of cadmium in corn root media.

Materials and Methods: To investigate the effect of organic matter (cow manure) and root activity on
chemical forms of cadmium, a greenhouse experiment was conducted using rhizobox. The contaminated soil
sample used in the study was collected from Zanjan. This greenhouse experiment was conducted in a factorial
design, with 2 replications, two levels of organic matter (0 and 1.5%) and three zones classified based on their
distance from root. The soil samples were air dried and crushed to pass through a 2-mm sieve. The cultivation
was conducted using a rhizobox. The rhizobox consisted of three parts: 1.central compartment (rhizosphere),
2.close to rhizosphere, and 3. soil bulk. Soil samples were mixed with fertilizer and packed in rhizobox. Eight
pre-germinated maize seedlings were transferred to the central compartment and five days after germination,
thinned to four plants. Ten weeks after planting, corn plants were harvested for analysis. The compartments of
rhizobox were separated. The collected plant samples (root and shoot) were rinsed with deionized water and
oven-dried at 70 "C. Soil samples were also measured for pH, CEC and total organic carbon. The chemical forms
of cadmium in the soil and plant samples were identified by the sequential extraction procedure proposed by
Tessier (1979). Bioavailable cadmium in soil was also extracted by DTPA-TEA.

Results and Discussion: Results showed that the highest amount of soil cadmium was found in carbonate
fraction. Adding organic matter increased the soil pH, CEC and organic carbon amount, whereas none of
chemical forms of cadmium were significantly affected by adding organic matter. Bioavailability of cadmium,
however, decreased by adding organic matter to soil, It can be therefore concluded that increment in cadmium
uptake due to increased organic matter led to decreased cadmium bioavailability. The exchangeable cadmium
was negatively correlated to soil organic carbon, while bioavailable cadmium was negatively correlated to soil
pH, CEC and amount of soil organic carbon. Moreover, our results indicated that the fractions of cadmium were
not significantly affected by distance from the root. Moreover, adding organic matter insignificantly increased
concentration of cadmium in shoots, roots and total plants.

Conclusion: In this study, among different chemical forms of cadmium, only bioavailable cadmium was
significantly affected by adding organic matter to soil. Additionally, soil pH, CEC and organic carbon were
significantly increased by adding organic matter. These results indicate that addition of organic matter to soil
may indirectly influence chemical forms of cadmium through impacting soil properties (soil pH, CEC and
organic carbon). The addition of organic matter had the most influence on carbonate fraction of cadmium which
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may be potentially available to plant. It seems that addition of organic matter (cow manure) may result in
increase of cadmium concentration in plant. Therefore, it can be concluded that addition of cow manure to
calcareous soils with neutral to slightly alkaline pH may lead to increased cadmium uptake by the plant (corn)
and reduced soil cadmium concentration.
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