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Abstract

Knowledge of DTPA extractable copper content in polluted soils is very important as far as its mobility and availability in soil. In the present study, a laboratory incubation experiment was conducted to examine the transformation of added copper in three soil types incubated for a period of 16 months (1week to 16 months) under field capacity and flooding moisture regime. The extractability of the transformed copper depends on the nature of soil and moisture regime. DTPA extractable copper content was highest in neutral soil. In comparison to field capacity moisture regime, submergence maintained higher DTPA extractable copper fraction. The DTPA extractable copper concentration declined with incubation period in all soils. 
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Introduction

Copper is commonly added to agricultural soils through fertilizers, pesticides, animal wastes and sewage sludge. Copper deficiency causes retardation of plant growth and in animal causes many adverse effects on blood vessels, bone, central nervous system, kidney, liver and enzyme. High concentration of copper in irrigated soils and ground water can also be a problem. Once added in the soil, copper can persist for an extended period of time and may result in accumulation of undesirable concentration in the food chain (Chaney, 1982; Pendias and Pendias, 1984). Phytotoxic effects of metals in soils are controlled by their redistribution among solid-phase components (Jones and Jarvis, 1981). Mobility, bioavailability and degree of metal toxicity depend on chemical transformation of the metal in the soil environment (Sposito et al., 1982). Soil moisture regime is an important factor; affecting chemical transformation of added heavy metals in soils and thus may affect the availability of metal to plants (Singh and Nongkynrih, 1999; Kandpal et al., 2003, 2004a, 2004b). Therefore, the objective of the present study was to evaluate the effect of moisture regime and soil type on the chemical transformation of added copper in three soils. 

Materials and method

Collection of soil samples

Soil samples were collected from Almora (acidic soil), CRC, Pantnagar (neutral soil) and Moradabad (alkaline soil), India. General properties of soil samples were determined following the procedures outlined by Page et al., 1982 and are given in Table 1. 

Table 1: Some properties of soil samples used in the study
	General properties
	Acidic soil 
	Neutral soil 
	Alkaline soil 

	Texture 
	Sandy clay loam 
	Clay loam
	Clay loam 

	pH (1:2)
	6.13
	7.00
	9.57

	O.C. %
	0.94
	1.20
	0.84

	% CaCO3
	0.39
	0.78
	2.22

	C.E.C. (c mol kg-1)
	11.04
	15.75
	12.49

	Field capacity (%)
	29.33
	27.23
	24.28

	Total Cu (mg/kg soil)
	24.00
	35.50
	13.68

	Total Cu (mg/kg soil) after addition
	127.26
	158.89
	90.86


Incubation study


Twenty-five gram each of the processed (<2mm) soil were taken in a series of 200mL plastic cups in triplicate and treated with copper sulfate @ 80mg/kg. The soils were incubated under field capacity and flooding moisture regime at room temperature (25±2ºC). The moisture content was maintained throughout the study. At the end of 1,2,4,6,8,16,32,48w (week) and 16 m (months) of incubation, 3g of each soil were extracted with DTPA (Diethylene triamine penta acetic acid) (Lindsay and Norvell, 1978) and the extract was analyzed for copper content using atomic absorption spectrophotometer (GBC-902 Avanta Sigma Models). 

Data analysis


The data were analyzed using variance analysis (ANOVA) in an asymmetrical two factorial design set-up. The statistical significance was tested by F-Test at p=0.05.

Results and discussion


The changes in the concentration of DTPA extractable copper in different soils polluted under field capacity and flooding moisture regimes are presented in Fig. 1 and Table 2.

Table 2: Concentration of DTPA extractable copper in different soils polluted by inorganic salt under field capacity and flooding moisture regime during incubation. 

	Time   interval 
	Acidic soil
	Neutral soil
	Alkaline soil

	
	F.C.
	Flooding
	Av
	F.C.
	Flooding
	Av
	F.C.
	Flooding
	Av

	T1W
	37.56
	40.96
	39.26
	47.00
	56.33
	51.67
	17.17
	43.87
	30.52

	T2W
	42.68
	42.53
	42.61
	46.98
	71.73
	59.36
	16.92
	44.56
	30.74

	T4W
	22.45
	29.19
	25.82
	45.77
	40.00
	42.88
	15.51
	29.59
	22.55

	T6W
	45.23
	59.18
	52.21
	68.81
	67.17
	67.99
	26.01
	36.00
	31.00

	T8W
	55.83
	44.87
	50.35
	58.61
	60.37
	59.49
	22.44
	47.50
	34.97

	T16W
	54.35
	41.09
	47.72
	49.36
	49.23
	49.30
	17.31
	15.98
	16.64

	T32W
	32.14
	29.89
	31.02
	35.02
	31.28
	33.15
	12.97
	10.64
	11.80

	T48W
	42.74
	37.55
	40.15
	51.93
	43.53
	47.73
	14.59
	14.89
	14.74

	T16M
	23.55
	34.62
	29.08
	3.26
	3.95
	3.61
	7.64
	1.08
	4.36

	Av.
	39.61
	39.99
	39.80
	45.19
	47.06
	46.13
	16.73
	27.12
	21.92

	Effects
	M
	T
	M X T
	M
	T
	M X T
	M
	T
	M X T

	S.e.m.
	1.61
	1.61
	3.42
	0.73
	0.73
	1.54
	0.69
	0.69
	1.46

	c.d.
	4.62
	4.62
	9.81
	2.09
	2.09
	4.42
	1.98
	1.98
	4.19


F.C. = field capacity moisture regime, effects: M= moisture regime, T= time interval

Statistical data show that the mean content of DTPA extractable copper was highest in neutral soil (46.13 mg/kg) followed by acidic (39.80 mg/kg) and alkaline soil (21.92 mg/kg). The lower availability of added copper in acidic soil may be attributed to the fixation in clay and precipitation as insoluble sulfides. In alkaline soil, the lower extractability of copper might be due to the formation of relatively insoluble carbonate forms as reported by Gorbatov (1988) that precipitation becomes significant when soil pH is high. In comparison to field capacity moisture regime, the mean content of DTPA extractable copper was higher in flooding soils. Thus, bioavailability of copper enhanced under flooding moisture regime possibly due to slower microbial activity and less incorporation of released metal in residual fraction under this moisture regime. However, Sommers et al. (1979) suggested that DTPA extractable copper from soils maintained under anaerobic conditions decreased possibly due to the formation of metal sulfides. Organic matter, clay and hydrous oxides are known to absorb considerable amount of metals. 
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Fig. 1:

 The changes in concentration of DTPA extractable copper in different soils

                 polluted by inorganic salt under field capacity and flooditg water regime

Neutral soil 

Alkaline soil 


The mean concentration of DTPA-copper was highest at 6W of incubation in acidic and neutral soils (52.21 and 67.99 mg/kg) while at 8W in alkaline soil (34.97 mg/kg). In all the soils, the concentration of DTPA extractable copper declined at later incubation periods. Misra et al. (1990) observed similar trend of extractability for added Zn, Cu, Ni, Cd and Pb in flooding soils incubated (0-120 days) at room temperature. 

Conclusion

The chemical transformation of metals depends on soil properties and moisture regime. DTPA extractable copper was highest in neutral soil. For soils with higher clay content or calcium carbonate content have lower potential for plant uptake of metals. Bioavailability of added copper enchanced under flooding moisture regime. DTPA extractable copper content decrease with time.
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Fig. 4.4 : The changes in the concentration of different chemical pools of 
                        Cd in different soils polluted by inorganic or enriched acidic 
                        sludge under field capacity or flooding water regime
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		Cu, acidic soil

		F1

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		34.36		13.56										7.63		8.75

		2W		36.77		22.09										6.48		4.94

		4W		37.46		17.18										7.98		8.42

		6W		39.36		20.84										9.06		4.19

		8W		33.36		12.12										7.18		4.44

		16W		30.54		11.44										2.03		3.71

		32W		12.16		7.34										1.05		2.84

		48W		14.83		7.93										2.35		3.54

		16M		19.27		7.14										2.98		8.54

		F2

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		16.47		5.98										194.46		119.94

		2W		20.93		10.01										183.10		153.60

		4W		16.07		12.38										200.30		192.30

		6W		17.69		13.51										195.27		236.89

		8W		22.83		12.14										193.37		177.98

		16W		19.78		14.07										130.52		175.05

		32W		9.80		7.99										78.09		88.62

		48W		12.28		8.65										125.26		109.74

		16M		12.21		7.54										79.81		88.01

		F3

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		3.14		2.55										44.94		46.64

		2W		3.86		2.68										52.70		55.60

		4W		0.42		0.43										12.79		10.43

		6W		1.39		2.69										58.57		45.75

		8W		0.44		0.52										14.05		21.80

		16W		2.29		1.51										47.80		44.62

		32W		1.23		1.26										19.24		19.40

		48W		2.54		1.74										35.29		32.70

		16M		2.25		1.37										60.95		34.87

		F4

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		30.87		26.23										165.48		141.49

		2W		35.67		40.20										186.46		208.75

		4W		49.36		42.52										368.89		229.61

		6W		48.32		36.98										310.62		232.95

		8W		16.32		18.84										182.74		126.68

		16W		28.83		30.06										244.02		233.21

		32W		21.03		37.63										269.53		269.53

		48W		44.42		37.46										336.98		336.98

		16M		52.24		77.55										405.88		405.88

		F5

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		33.41		69.95										276.00		371.71

		2W		21.03		43.29										259.77		265.63

		4W		14.95		45.74										98.56		247.74

		6W		11.50		44.25										114.99		168.75

		8W		45.31		74.64										291.16		357.60

		16W		36.81		61.19										264.14		231.92

		32W		74.05		64.05										320.60		274.86

		48W		44.20		62.49										188.63		273.05

		16M		32.28		24.65										138.89		183.79

		DTPA

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		37.56		40.96										145.40		190.62

		2W		42.68		42.53										151.59		175.41

		4W		22.45		29.19										184.47		274.19

		6W		45.23		59.18										241.30		290.99

		8W		55.83		44.87										190.07		318.92

		16W		54.35		41.09										178.51		298.71

		32W		32.14		29.89										140.49		185.16

		48W		42.74		37.55										173.40		186.59

		16M		23.55		34.62										117.07		122.91

		CaCl2

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		27.26		21.00										37.14		24.27

		2W		30.94		22.18										31.20		21.20

		4W		73.15		31.43										25.55		36.12

		6W		74.12		34.26										30.33		29.56

		8W		45.70		22.65										10.94		19.76

		16W		40.14		14.07										14.37		21.45

		32W		18.68		11.28										12.17		14.97

		48W		25.31		16.94										17.32		29.86

		16M		21.74		13.14										16.66		34.63

		Cu, alkaline soil

		F1

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		1.76		2.655										2.3		1.945

		2W		0.99		0.78										2.225		1.28

		4W		0.73		0.9										2.61		1.33

		6W		0.58		0.485										1.725		0.8

		8W		0.45		0.375										2.47		0.745

		16W		0.36		0.48										0.68		0.585

		32W		0.28		0.07										0.515		0.465

		48W		0.01		0.01										0.315		0.01

		16M		0.01		0.01										0.405		0.01

		F2

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		22.67		28.72										159.08		151.18

		2W		19.49		27.24										185.16		183.60

		4W		18.39		19.11										113.13		179.26

		6W		13.64		15.43										105.19		162.28

		8W		14.46		26.15										184.79		172.93

		16W		9.18		15.49										103.08		116.99

		32W		6.16		8.43										82.23		100.60

		48W		10.93		8.86										133.70		147.04

		16M		9.48		10.78										74.44		95.45

		F3

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		2.50		1.76										29.19		9.55

		2W		2.42		1.93										35.23		10.23

		4W		1.66		1.50										12.56		15.94

		6W		2.25		2.25										21.05		17.89

		8W		1.28		0.93										19.70		15.46

		16W		1.14		1.49										22.90		22.23

		32W		0.62		0.52										15.57		20.88

		48W		1.31		1.25										29.35		34.55

		16M		0.81		0.53										19.63		28.30

		F4

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		60.28		55.99										112.56		126.40

		2W		65.33		65.58										210.95		215.77

		4W		87.38		87.63										280.35		215.94

		6W		77.80		62.89										258.59		249.84

		8W		46.96		49.90										254.90		200.00

		16W		47.35		52.01										211.80		186.02

		32W		68.70		66.12										279.41		340.34

		48W		56.45		64.00										344.71		289.59

		16M		95.43		129.93										401.22		428.94

		F5

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		84.42		82.515										479.64		493.68

		2W		83.40		76.11										349.19		371.88

		4W		63.48		62.49										374.11		370.30

		6W		77.36		90.58										396.21		351.95

		8W		108.49		94.29										320.89		393.63

		16W		113.61		102.17										444.31		456.94

		32W		95.87		96.49										405.04		320.48

		48W		102.95		97.52										274.68		311.58

		16M		65.91		30.39										287.07		230.05

		DTPA

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		17.17		43.87										155.16		179.92

		2W		16.92		44.56										152.02		170.69

		4W		15.51		29.59										236.93		287.50

		6W		26.01		36.00										395.96		251.21

		8W		22.44		47.50										229.68		332.15

		16W		17.31		15.98										193.56		171.92

		32W		12.97		10.64										146.56		173.76

		48W		14.59		14.89										151.66		182.98

		16M		7.64		1.08										11.05		15.29

		CaCl2

		Inorganic

				F.C.		Flooding(In.)										F.C.(Org.)		Flooding(Org.)

		1W		0.78		2.97										4.51		6.08

		2W		0.69		2.26										3.75		4.61

		4W		0.33		1.08										4.31		4.67

		6W		0.64		2.10										4.81		5.19

		8W		0.99		3.28										1.55		4.16

		16W		0.27		0.88										3.00		4.66

		32W		0.32		1.03										2.91		1.82

		48W		0.38		0.78										5.72		4.56

		16M		0.38		0.40										2.29		4.56

		Cu, neutral soil

		F1

		Inorganic

				F.C.(In.)		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		13.36		5.185										7.79		5.85

		2W		13.22		8.37										7.67		3.96

		4W		18.49		9.47										7.75		2.79

		6W		14.03		6.27										5.99		1.335

		8W		18.795		9.705										2.68		1.88

		16W		4.2		6.055										1.475		1.83

		32W		1.195		4.785										0.63		1.45

		48W		2.985		2.425										1.165		2.895

		16M		1.39		4.515										2.24		4.265

		F2

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		9.71		23.62										90.66		100.65

		2W		10.52		21.49										98.86		108.10

		4W		8.93		15.41										57.59		98.50

		6W		9.83		14.18										86.15		107.12

		8W		9.62		16.75										49.53		101.16

		16W		6.53		10.43										29.65		74.79

		32W		8.62		7.30										45.56		48.41

		48W		10.32		8.61										78.08		77.67

		16M		8.54		11.52										54.07		76.43

		F3

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		4.61		5.33										30.54		35.42

		2W		11.04		24.45										73.73		42.82

		4W		0.96		1.07										19.05		10.99

		6W		3.77		2.72										38.24		46.51

		8W		0.17		1.06										14.37		14.17

		16W		2.57		2.82										31.99		37.85

		32W		1.37		1.42										11.18		13.62

		48W		2.26		1.68										20.18		22.45

		16M		4.85		5.69										34.38		29.57

		F4

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		59.96		58.51										192.52		188.87

		2W		61.08		62.66										247.53		240.48

		4W		72.92		85.34										327.45		286.56

		6W		59.12		60.17										267.87		253.07

		8W		55.31		27.81										108.82		205.05

		16W		36.37		46.15										172.51		227.28

		32W		61.90		58.26										287.08		320.45

		48W		66.16		61.12										355.67		353.96

		16M		74.06		80.58										410.78		411.56

		F5

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		46.39		41.37										360.25		350.98

		2W		38.15		17.04										253.96		286.41

		4W		32.69		22.72										269.91		282.91

		6W		47.26		50.67										283.51		273.73

		8W		50.11		78.69										506.37		359.51

		16W		84.34		68.55										446.14		340.01

		32W		60.93		62.25										337.31		297.84

		48W		52.30		60.18										226.67		224.78

		16M		45.16		31.71										180.28		159.94

		DTPA

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		47.00		56.33										153.83		181.88

		2W		46.98		71.73										150.19		171.85

		4W		45.77		40.00										194.51		382.26

		6W		68.81		67.17										371.73		295.82

		8W		58.61		60.37										307.39		588.62

		16W		49.36		49.23										265.14		234.10

		32W		35.02		31.28										130.39		154.76

		48W		51.93		43.53										158.65		180.19

		16M		3.26		3.95										17.18		20.13

		CaCl2

		Inorganic

				F.C.		Flooding										F.C.(Org.)		Flooding(Org.)

		1W		17.33		17.46										26.25		19.24

		2W		14.99		12.21										22.78		17.77

		4W		32.11		28.80										29.24		28.72

		6W		31.29		27.54										24.91		30.47

		8W		22.61		17.91										10.06		21.27

		16W		13.07		9.08										7.57		16.93

		32W		4.69		4.30										7.86		10.84

		48W		9.29		9.82										5.38		19.57

		16M		6.11		12.78										5.32		29.43



Fig. 1: The changes in concentration of DTPA extractable copper in different soils
                 polluted by inorganic salt under field capacity and flooditg water regime
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