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Table 1. Some physical and chemical properties of studied soils.
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Acidity Electrical conductivity Organic matter ~ Calcium carbonate Sand Silt Clay S sl

Soil texture

- pSm’! . . . . .

7.76 205 1.4 2.16 35 33 32 oS
Clay loam

7.81 201 1.1 3.08 61 21 18 e
Sandy loam
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Table 2. Analysis variance of soil texture (T), soil structure (S) and plant cultivation (P) and their interaction
on Ni concentration in soil for layers of 0-10 cm (L), 10-20 ¢m (L), 20-30 cm (L) and in effluent for irrigation
cycles of first (D,), second (D,), third (D;), fourth (D,) and fifth (Ds).

Fes
F ratio o s
e Sk sl Source of
Effluent Soil df variation
Ds D4 D; D, Dy Ls L, L,
0.009™ 0.01™ 0.05™ 0.18™ 0.57™ 0.02™ 0.02™ 0.21™ 1 T
19.86**  20.90%*  37.52%%  34.89%*  47.76%* 30.09%* 78.86%* 24.9%* 1
10.42%%  21.76%*  39.37**  40.46%*  74.04** 2.78™ 1.9™ 4.81* 1
61.56%* 472%* 507** 230%* 242%* 3321 %* 3812%* 13611** 1 ST
35.93%* 699%* 644%* 367** 456%* 342%* 135%* 2043 %* 1 PxS
0.01™ 1.69™ 18.45%* 0.66™ 1.56™ 3.45™ 95.21%* 169%* 1 PxT
3.98™ 49%* 3.13™ 0.45™ 0.61™ 29.7%* 34.6%* 402%* 1 PxSxT

Al A3 ) 50 bl Al ls aae o3 0 bl gl s pme g pde Sy g se T 5T

* ns

" * and ** Represent non significant and significant at probability levels of P<0.05 and P<0.01, respectively.
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Table 3. Effects of soil texture (SL, sandy loam and CL, clay loam), soil structure (D, disturbed and U,
undisturbed) and plant cultivation (R, radish and N, without plant) on Ni concentration (mg Kg™) in soil for

layers of 0-10 cm (L), 10-20 cm (L,), 20-30 cm (L;).

(mgKg") | clis

Ni concentration

Plant cultivation

aL_S/C,.:.S

oleztle Sl sl

Soil structure Soil texture

L, L, L,
42.32° 65.12° 101.13° CL
37.20° 61.92° 128.43° N D CL
21.202 49.82° 50.45" R U CL
18.16" 30.27¢ 60.098 U CL
33.21° 57.35° 81.06° R D SL
30.22¢ 52.57¢ 94.26° SL
29.15¢ 36.08° 69.46" R U SL
25.06" 35.82¢ 82.09¢ N U SL
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The same letters in each column are not statistically significant (P<0.05).
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Table 4. Effects of soil texture (SL, sandy loam and CL, clay loam), soil structure (D, disturbed and U,
undisturbed) and plant cultivation (R, radish and N, without plant) on Ni concentration (mg L") in effluent for
irrigation cycles of first (D,), second (D), third (Ds), fourth (D,) and fifth (Ds).
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The same letter in each column are not statistically significant (P<0.05).
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Table 5. Analysis variance of soil texture (T), soil structure (S) and their interaction (T*S) on Ni concentration
in root and shoot of radish and bioconcentration and translocation factors.
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Table 6. Effects of soil texture (SL, sandy loam and CL, clay loam) and soil structure (D, disturbed and U,
undisturbed) on Ni concentration (ug g”) in root and shoot of radish and bioconcentration and translocation

factors.
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The same letter in each column are not statistically significant (P<0.05).
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Abstract

Background and Objectives: Sewage and wastewater from industry are used for irrigating
farmland in many countries and contamination of these areas with heavy metals has become one
of the major causes of concern for human. Contamination of soil by human activities is
recognized as a widespread problem. The mobility of heavy metals is usually low due to their
strong affinity for the solid phase and thus they are very persistent contaminants in soils but
physical, chemical and biological parameters can affect heavy metal mobility in soil. The aim of
this study was to evaluate the interactive effects of soil texture and structure and plant cultivation
on Ni content of soils, effluent drainage and plant being irrigated by Ni-contaminated water.
Materials and Methods: Columns with 22.5 ¢cm diameter and 30 cm height of disturbed
(unstructured) and undisturbed (structured) soils of sandy loam (SL) and clay loam (CL) were
used in this study. Half of columns (undisturbed and disturbed) were cultivated by
radish (Raphanus sativus L.) and all soil columns were irrigated by Ni-contaminated water. The
experiments were carried out using randomized complete design and factorial arrangement in
three replications. The drained water was sampled after each irrigation cycle. Radish were
harvested and divided into shoots and roots and the soil was sampled from 3 layers of 1-10,
10-20 and 20-30 cm. Then the concentration of nickel (Ni) in drained water, soil layers and
plant (shoots and roots) was determined by atomic adsorption.

Results: Result showed that the concentration of Ni in the undisturbed soil columns was greater
about 34% in the SL than in the CL soil texture. This indicates a predominant role of pore
continuity than retention at adsorptive site in structured clay loam soils. In the disturbed soil
columns, average Ni concentration was greater about 1.5 times more than undisturbed soil
columns, likely due to enhanced Ni/soil particle interactions due to presence of preferential
paths for water flow. Accelerated water velocities through preferential flow pathways were
likely responsible for the smaller adsorption of Ni in undisturbed soil columns. The effluent
concentration under radish cultivation showed higher Ni concentration contents when compared
to soil without plant. In the soils under plant cultivation, structural cracks and root channels
were the cause of higher leached concentrations when compared to the soil without plant
cultivation. Our results also showed translocation factor of Ni was more than one and hence,
radish could be considered as an accumulator of Ni.

Conclusion: The high concentration of Ni in soil and effluent water drainage indicates the
potential for pollution transfer from these media even in presence of radish as an accumulator;
and also show that agricultural management can play an important role in soil and groundwater-
heavy metals contamination.
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