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ABSTRACT
This work aimed to study both the direct and residual effects of cattle waste manure, elemental sulphur at different rates, nitrogen in different forms and phosphate at different rates on some soil chemical properties as well as the availability of macronutrients in a calcareous soil. To fulfill this objective, a field trail was conducted on EI-Noubaria calcareous soil (CaCC>3>34%). Cattle waste manure was applied at a rate of 12 ton fed"1 with elemental sulphur at a rate of 0, 50 or 100% of its recommended dose, N in the form of urea, ammonium nitrate or ammonium sulphate at a rate of 120 kg fed"1 and P at a rate of 0, 50 or 100% of its recommended dose. The experimental plots were distributed statistically in a split-split design. Wheat (Triticum aestivum L, Giza 163) was cultivated within the first half of November 2005 then harvested in May 2006 and succeeded by maize (Zea maize L, single hybrid 10) to study the residual effect of the aforementioned treatments at the same experimental plots. Results revealed that applied elemental sulphur slightly increased soil salinity (EC) and soluble HCO3-, S042+, Ca2+, Mg2+ and Na+ and inversely affected the soluble Cl-, soil pH, SAR and ESP.. Application of nitrogen in the urea form resulted in the lowest EC, highest soil pH, HCO3- and Cl- contents while SCV, Ca2+, Mg2* and Na* ions were slightly increased upon the application in ammonium sulphate. Application of ammonium sulphate was associated with higher values of the organic matter and CaCOa contents than the other studied nitrogen fertilizers. Increasing application of phosphorus rate was associated with increasing soluble SO42~ and decreasing soluble Ca2* contents in the studied soils. Moreover, increasing rate of the applied phosphorus seemed not to be of pronounced effect on concentrations of soluble Mg2+, Na+ and K+, however, it showed slight decreases in soil pH, SAR, ESP and CaCO3 content. The organic matter content increased with increasing rate of the applied phosphorus. The availability of macronutrients i.e. N, P and K increased and more obvious by increasing rate of the applied sulphur, ammonium sulphate form and phosphorus application rates. It could be concluded that effects of cattle waste manure associated with a recommended dose of sulphur (100 kg S/fed), ammonium sulphate as a nitrogenous fertilizer form and 150 kg P2Os/fed, may lead us to overcome a shortage of organic matter and the availability of essential nutrients dominated in the newiy reclaimed soils especially the calcareous ones. Keywords: Calcareous soil, cattle waste, sulphur, nitrogen, phosphorus

INTRODUCTION
Policy of the Egyptian Government aims at attaining self sufficiency in food production. Although total area of Egypt is about one million Km2, only 4% of this area is cultivated mainly in the Nile Delta and the narrow strip of the Nile Valley. To increase its cultivated area, Egypt started to reclaim desert regions outside the Nile Delta and the Valley.

Balba (1995) stated that a soil is considered "calcareous" from the chemical point of view when it is in equilibrium with excess of CaCO3 at the partial pressure of the atmospheric CO2. In the context of agricultural problem soils, calcareous soils are soils in which a high amount of calcium carbonate dominates the problems related to agricultural land use. They are characterized by the presence of calcium carbonate in the parent material and by a calcic horizon, a layer of secondary accumulation of carbonates usually Ca or Mg) in excess of 15% calcium carbonate equivalent and at least 5% more carbonate than an underlying layer. In the World Reference Base (WRB) soil classification system calcareous soils may mainly occur in the Reference Soil Group of Calcisols.

Balba (1995) showed that the capacity of the soil of the northwest coast of Egypt rich in CaCO3 to adsorb and "fix" the added NH/ is lower than that of the alluvial clay soil. Accordingly, a greater part of the added NH4+ is left in the soluble form. The greater the amount of soluble NH4+ can subject to loss by volatilization.

Balba and Nesseem (1968) showed that the lost amount of NH3 differed from one soil to another while the calcareous soil being the most effective in NH3 volatilization.

The effect of CaCO3 is mainly due to the formation of (NH4)2CO3 which is easily decomposed releasing NH3 as follows: (NH4)2SQ4 + CaCO3   (  CaSO4  + (NH4)2CO3
The decomposition of (NH4)2CO3 giving off CO2 + NH3 drives the reaction to the right side, otherwise this reaction would not proceed.

In calcareous soils, CaCO3 has a dominating influence due to its properties of relatively moderate solubility, high buffer capacity, and alkalinity. Under such conditions the predominant phosphates are the inorganic phosphates which constitute as much as 90-95% of soii total phosphates.

Bioschot and Herbert (1950) at Versailles Experimental Station, Paris, France, showed that the amount of P which disappeared from solution had increased with increasing P concentration to the system containing a constant amount of CaCO3. They concluded that in low phosphorus concentration, CaCO3 sorbs P on its surface, but in high P concentration, precipitation occurs.

At higher phosphate concentrations it was found that the amount of P sorbed was riot a fraction of the CaCO3 surface and the reaction criticai value indicating the precipitation of some form of calcium phosphate. Soils rich in exchangeable Ca may retain HPO4 on the day surfaces through the exchangeable Ca:

Thus in calcareous soils rich in CaCO3 and exchangeable Ca, phosphorus may be immobilized by any or a!! the following mechanisms: a.   Adsorption on active sites of CaCO3. b. Precipitation by Ca in the system. c.   Reaction with the exchangeable Ca.
The CaCO3-rich soils usually have alkaline pH. Calcium phosphates under pH values above 8.0 are usually precipitated forms such as tricalcium phosphate or hydroxyl apatite (Balba, 1995).

Recently, Ashour (2003) and Abd EI-Hai (2005) revealed that the addition of organic materials increased soil salinity in calcareous soils. Kaplan and Orman (1998) suggested that a possible and economic way to improve nutrient availability and plant growth in calcareous soils is the use of acidifying materials such as elemental sulphur.

MATERIALS AND METHODS
A calcareous soil located at western Nubaria (AI-Boheira governorate) was sampled after wheat succeeded by maize on the same soil to follow up the changes in some soil chemical properties as well as availability of N, P and K in soil due to different fertilization treatments. The investigated soil of CaCO3 exceeded 34%. Some soil physical and chemical properties of it are presented in Table (1).

Table  (1):  Some  physical  and  chemical  properties  of the  studied calcareous soil.
	Soil properties
	Values

	Particle size distribution (%)
	

	Total sand
	52.28

	Silt
	20.34

	Clay
	27.38

	Texture class
	Sandy clay loam

	Bulk density (g cm-1)
	1.44

	Field capacity (%)
	19.52                  

	Wilting point (%)
	9.43

	Available water (%)
	10.09

	pH (Soil paste)
	7.79

	Total CaCO3 (%)
	34.09

	Organic matter (%)
	0.61

	EC (dS m-1, soil paste extract)
	6.80

	SAR
	6.71

	Soluble cations (mmolc L-1)
	

	Ca2+
	23.48

	Mg2+
	14.30

	Na+
	29.13

	K+
	1.13

	Soluble anions (mmolc L-1)
	

	CO32-
	—

	HCO3
	9,30

	Cr
	30.07

	SO4
	28.67

	Availabia nutrients (mg kg'1 soil)
	

	N
	38.54

	P                                                                             
	5.60

	K
	81.35


Cattle waste manure was added to the soil at a rate of 12 ton/fed then it was divided into 3 divisions, each of which received elemental sulphur at a rate of 0, 50 or 100% of the recommended dose (100 kg S/fed) during the preparation before planting. Each division was subdivided into three equal areas each of which received 120 kg N/fed either in forms of urea (46% N), NH4NO3 (33.5% N) or (Nrt^SCU (20.5% N). Finally, each area was further subdivided into 3 plots received the calcium superphosphate fertilizer (15.5 P2O5) at a rate of 0, 50 or 100% of the recommended P dose (150 kg P2O5/fed). Each treatment was replicated three times. Each plot was represented by an area whose dimensions are 3.5x3.5 m i.e. of a total area of about 12.25 m2. Accordingly, the experimental work involved 81 plots [3 rates of elemental sulphur x 3 mineral nitrogenous fertilizers x 3 rates of px 3 replicates). The experimental plots were distributed in a split-split design.

Wheat (Triticum aestivum L, Giza 163) was cultivated within the first half of November 2005 then harvested in the first week of May 2006. The second experiment was conducted to study the residual effect of the aforementioned treatments on maize (Zea maize L, single hybrid 10) cultivated in the same experimental plots on the 2nd half of May 2006 and harvested after 110 days of planting. 
Soil and cattle waste manure analyses:
Particle size distribution was determined, using the international pipette method as described by FAO (1970). In soil paste extract, pH and electrical conductivity (ECe) were determined as described by Page ef a/. (1982). Soil organic matter was determined by using Walkley and Black method according to Jackson (1973). Total calcium carbonate was estimated using Collins' calcimeter, Page et al. (1982). Available N, P and K were extracted and measured according to the methods described by Page ef al. (1982). The used cattle waste was chemically analyzed according to Brunner and Wasmer (1978), data obtained are presented in Table (2).

Table (2): Some chemical properties of the studied cattle waste.
	Property
	Cattle waste
(CW)

	pH(H2O)1:5
	8.50

	EC(dSm'1)1:5
	7.40

	Organic matter (%)
	43.64

	Total Carbon (%)_
	25.37

	Total Nitrogen (%)
	0.44

	C/N ratio
	57.65

	Total Phosphorus (%)
	0.56

	Total potassium (%)
	0.68


RESULTS AND DISCUSSION
Effect of the different applied mineral fertilizer treatments and cattle waste manure on soil chemical properties:
Data presented in Tables (3 and 4) illustrate the effect of rate and type of the applied mineral fertilizers associated with cattle waste manure on soil content of soluble salts expressed as EC in dS m-1, soluble ions (m molc L-1), pH, sodium adsorption ratio (SAR), organic matter content (OM) and CaCO3 content. Data reveal that applied elemental sulphur could result in slight increase in EC value of the investigated soil. Orman and Kaplan (2008) went almost to similar results where they reported that applied elemental sulphate reduced soil pH but at the same time it increased soil EC. However, Khalifa et a/. (2007) found that soil salinity as represented by EC showed almost no variation due to application of sulphur.

The applied sulphur could also increase soil content of soluble HCO3-, SO42+, Ca2+, yet it seemed of no pronounced effect on soil content of CO32+ (which was not found in detected concentration), Mg2+ and Na+. On the other hand, the applied sulphur inversely affected the soil content of soluble Cl-.

The aforementioned increase in soil contents of the soluble HCO3", SO42" and Ca2+ are probably due to the decrease in soil pH which might occurred due to the biological oxidation of the applied sulphur into sulphuric acid.
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Cattle waste manure is a source of the organic carbon which is related to S oxidation rates (Janzen and Bettany, 1987, Lawrence and Germida, 1988) suggesting that an increase in heterotrophic-S oxidizer numbers after the addition of an organic substrate enhances S oxidation. Cifuentes and Lindemann (1993) reported that addition of S to organic matter stimulates S oxidations in calcareous soil.

The protons (H+) present due to formation of H2SO4 might be replaced exchangeable Ca2+ on the soil complex leading to its release in the soluble form in the soil solution and hence its concentration increased.

Moreover, the formed sulphate is an additional source of soluble sulphate in soil.

A remarkable decrease in soil pH occurred due to application of the elemental sulphur. The decrease was more obvious by increasing rate of the applied sulphur. The formation of the sulphuric acid due to the process of the biological oxidation of the elemental sulphur mentioned above account for such decreases in soil pH. Khalifa et a/. (2007) reported that soil pH was slightly decreased due to application of the elemental sulphur and the increase became more obvious by increasing rate of the applied sulphur.

The applied suiphur seemed to be of favoure effect on values of the sodium adsorption ratio where it. cou!d slightly decrease these values. Such a favour effect can be attributed to the increase of Ca2+ upon application of the elemental sulphur which, at the same time, did not affect the soluble Na+ content.

The effect of the applied sulphur on the ESP values seemed very close to that exerted on the SAR values i.e. the applied elemental sulphur could slightly decrease the ESP values of the soil. Khalifa ef al. (2007), on the other hand, found that ESP seemed not to be affected due to addition of sulphur.
Table (3): Effect of cattle waste manure, sulphur application rates, nitrogen forms and phosphorus application rates on soil chemical properties after wheat crop
	Applied
	EC
	Soluble anions (mmolcL-1)
	Soluble cations (mmolcL ')
	pH
	SAR
	ESP
	O.M.
	CaCO3

	Treatments
	(dS/m)
	CO3+
	HCO3+
	Cr
	SO4-
	Ca++
	Mg++
	Na+
	K+
	(1:2.5)
	
	
	(%)
	(%)

	Sulphur (0%)
	Urea
	P(0)
	7.40
	—
	7.95
	35.96
	25.18
	23.56
	16.14
	28.18
	1.21
	8.48
	6.33
	9.194
	0.66
	24.15

	
	
	P(50)
	6.90
	—
	7.72
	32.15
	24.59
	24.09
	16.80
	22.39
	1.18
	8.36
	4.95
	7.821
	0.81
	24.13

	
	
	P(100)
	6.82
	—
	7.52
	30.27
	25.86
	24.28
	16.92
	21.39
	1.06
	8.30
	4.71
	7.582
	0.86
	24.12

	
	
	Mean
	7.04
	
	7.73
	32.79
	25.21
	23.98
	16.62
	23.99
	1.15
	8.38
	5.33
	8.20
	0.78
	24.13

	
	Am. Nitrate 
	P(0)
	7.61
	—
	6.03
	32.17
	32.89
	27.13
	17.07
	25.77
	1.12
	8.32
	5.48
	8.351
	0.88
	24.01

	
	
	P(50)
	7,68
	—
	6.43
	32.00
	33.27
	28.23
	18.18
	24.11
	1.18
	8.28
	5.01
	7.874
	0.95
	23.84

	
	
	P(100)
	7.81
	—
	6.40
	30.19
	36.33
	27.52
	18.93
	25.30
	1.17
	8.25
	5.25
	8.119
	0.99
	23.17

	
	
	Mean
	7.70
	
	6.29
	31.45
	34.16
	27.63
	18.06
	25.06
	1.16
	8.28
	5.25
	8.11
	0.94
	23.67

	
	Am. sulphate
	P(0)
	7.62
	—
	5.13
	25.70
	40.34
	25.17
	17.91
	26.91
	1.18
	8.30
	5.80
	8.667
	0.97
	23.56

	
	
	P(50)
	7.26
	—
	5.22
	22.39
	40.16
	24.32
	17.32
	25.14
	0.99
	8.22
	5.51
	8.379
	0.98
	23.3

	
	
	P(100)
	7.11
	—
	5.17
	21.11
	40.10
	23.49
	17.25
	24.70
	0.94
	8.18
	5.47
	8.342
	1.04
	23.08

	
	
	Mean
	7.33
	
	5.17
	23.07
	40.20
	24.33
	17.49
	25.58
	1.04
	8.23
	5.59
	8.46
	1.00
	23.31

	Sulphur (50%)
	Urea
	P(0)
	7.67
	—
	7.55
	34.59
	29.53
	24.12
	17.25
	29.19
	1.11
	8.36
	6.42
	9.287
	0.98
	22.49

	
	
	P(50)
	7.11
	—
	7.63
	31.28
	27.50
	24.55
	17.05
	23.66
	1.15
	8.30
	5.19
	8.057
	1.07
	22.11

	
	
	P(100)
	7.20
	—
	7.54
	31.05
	28.68
	25.38
	17.25
	23.54
	1.10
	8.22
	5.10
	7.968
	1.18
	22.05

	
	
	Mean
	7.33
	
	7.57
	32.31
	28.57
	24.68
	17.18
	25.46
	1.12
	8.29
	5.57
	8.44
	1.08
	22.22

	
	Am. Nitrate 
	P(0)
	7.49
	—
	6.13
	30.28
	33.51
	28.22
	17.07
	23.54
	1.09
	8.18
	4.95
	7.816
	1.07
	22.3

	
	
	P(50)
	7.50
	...
	6.84
	31.25
	31.94
	28.61
	16.13
	24.15
	1.14
	8.18
	5.11
	7.975
	1.18
	22.17

	
	
	P(100)
	7.91
	—
	6.66
	30.22
	36.99
	29.56
	16.84
	26.34
	1.13
	8.05
	5.47
	8.338
	1.22
	22.02

	
	
	Mean
	7.63
	
	6.54
	30.58
	34.15
	28.80
	16.68
	24.68
	1.12
	8.14
	5.17
	8.04
	1.16
	22.16

	
	Am. sulphate
	P(0)
	7.44
	--
	5.57
	22.33
	41.61
	25.55
	16.27
	26.55
	1.14
	8.30
	5.81
	8.675
	1.18
	22.18

	
	
	P(50)
	7.36
	...
	5.47
	22.02
	41.21
	25.90
	16.22
	25.53
	1.05
	8.22
	5.56
	8.432
	1.22
	22

	
	
	P(100)
	7.30
	—
	5.38
	20.58
	42.18
	25.64
	16.10
	25.37
	1.03
	8.05
	5.55
	8.422
	1.26
	21.77

	
	
	Mean
	7.37
	
	5.47
	21.64
	41.67
	25.70
	16.20
	25.82
	1.07
	8.19
	5.64
	8.51
	1.22
	21.98

	Sulphure (100%)
	Urea
	P(0)
	7.63
	—
	8.03
	35.56
	27.63
	24.12
	16.98
	28.97
	1.15
	8.30
	6.39
	9.259
	1.07
	22.75

	
	
	P(50)
	7.10
	—
	7.96
	32.00
	26.32
	24.60
	17.21
	23.31
	1.16
	8.22
	5.10
	7.966
	1.18
	22.15

	
	
	P(100)
	7.10
	—
	7.81
	30.94
	27.56
	25.11
	17.37
	22.75
	1.09
	8.18
	4.94
	7.805
	1.22
	22.12

	
	
	Mean
	7.27
	
	7.93
	32.83
	27.17
	24.61
	17.18
	25.01
	1.13
	8.23
	5.47
	8.34
	1.16
	22.34

	
	Am. Nitrate 
	P(0)
	7.64
	—
	6.36
	31.51
	33.48
	27.96
	17.35
	24.94
	1.11
	8.18
	5.24
	8.108
	1.18
	22.09

	
	
	P(50)
	7.68
	
	6.92
	31.91
	32.88
	28.70
	17.44
	24.41
	1.15
	8.03
	5.08
	7.951
	1.26
	21.63

	
	
	P(100)
	7.95
	—
	6.81
	30.49
	36.93
	28.82
	18.17
	26.10
	1.14
	7.95
	5.38
	8.254
	1.32
	21.32

	
	
	Mean
	7.76
	
	6.70
	31.30
	34.43
	28.49
	17.65
	25.15
	1.13
	8.05
	5.24
	8.10
	1.25
	21.68

	
	Am. sulphate
	P(0)
	7.62
	—
	5.63
	24.30
	41.25
	25.64
	17.37
	27.01
	1.15
	8.03
	5.82
	8.693
	1.26
	21.54

	
	
	P(50)
	7.40
	—
	5.63
	22.49
	40.99
	25.39
	17.05
	25.62
	1.04
	7.92
	5.56
	8.430
	1.32
	20.87

	
	
	P(100)
	7.29
	—
	5.56
	21.13
	41.45
	24.85
	16.96
	25.32
	1.01
	7.86
	5.54
	8.406
	1.37
	19.39

	
	
	Mean
	7.44
	—
	5.60
	22.64
	41 .23
	25.29
	17.13
	25.98
	1.07
	7.94
	5.64
	8.51
	1.32
	20.60

	L.S.D. at 0.05
	0.060
	—
	—
	—
	—
	—
	—
	—
	—
	0.425
	0.179
	0.119
	0.928
	0.119


Table (4): Effect of cattle waste manure, sulphur application rates, nitrogen forms and phosphorus application rates on soil chemical properties after harvesting maize crop.

	Applied
	EC
	Soluble anions (mmolcL-1)
	Soluble cations (mmolcL ')
	pH
	SAR
	ESP
	O.M.
	CaCO3

	Treatments
	(dS/m)
	CO3+
	HCO3+
	Cr
	SO4-
	Ca++
	Mg++
	Na+
	K+
	(1:2.5)
	
	
	(%)
	(%)

	Sulphur (0%)
	Urea
	P(0)
	8.82 
	—
	6.56
	34.57
	41.22
	22.17
	14.75
	44.18
	1.25
	8.22
	10.28
	12.65
	0.60
	21.68

	
	
	P(50)
	8.59
	—
	6.47
	30.76
	43.02
	22.84
	15.55
	40.64
	1.22
	8.10
	9.28
	11.64
	6.75
	21.66

	
	
	P(100)
	8.55
	—
	6.22
	'28.38
	44.75
	22.98
	15.62
	4015
	1.10
	8.04
	9.14
	11.51
	0.80
	21.65

	
	
	Mean
	8.65
	
	6.42
	31 .40
	43.00
	22.66
	15.31
	4166
	1.19
	6.12
	9.57
	11.93
	0.72
	21.67

	
	Am. Nitrate 
	P(0)
	891
	—
	4.72    
	30.78      
	47.731
	25.82
	15.76
	40.49
	1.16
	8.06
	8.88
	11.25
	0.82
	21.54

	
	
	P(50)
	9.06
	-
	5.48
	30.61      
	48.52
	27.28 1
	17.23
	38.88
	1.22
	8.02
	8.24
	10.61
	0.89
	21.37

	
	
	P(100)
	8.88
	—
	4.83
	28.80
	4929
	25.95
	17.36
	38.46
	1.21
	7.99
	8.25
	10.62
	0.93
	20.70

	
	
	Mean
	8.95
	---
	5.01
	30
	48.51
	5635
	16.76
	39.26
	1,20
	8.03
	8.46
	10.83
	0.88
	21.21

	
	Am. sulphate
	P(0)
	8.72
	—
	4.44
	24.31
	52.72
	24.48
	17.22
	38.55
	1.22
	8.04
	8.44
	10.81
	0.91
	21.09

	
	
	P(50)
	8.52
	
	4.69
	21501
	53.90
	23.79
	16.79
	37.98
	1.03
	7.96
	8.43
	10.80
	0.92
	20.83

	
	
	P(100)
	8.32
	—
	5.06
	19.72
	52.92
	23.38
	17.14
	36.20
	6.98
	7.92
	8.04
	10.41
	0.98
	26.61

	
	
	Mean
	8.52
	
	4.73
	21.68
	53.18
	23.86
	17.05
	37.58
	1.08
	7.98
	6.31
	10.67
	6.94
	20.85

	Sulphur (50%)
	Urea
	P(0)
	8.41
	—
	6.16
	33.20
	39.15
	22.73
	15.86
	38.77
	1.15
	8.10
	8.83
	11.19
	0.92
	20.02

	
	
	P(50)
	8,4o
	
	6.36
	29.89
	42.69
	23.30
	15.80
	38.67
	1.19
	8.04
	8.75
	11.11
	1.01
	19.64

	
	
	P(100)
	8.43
	—
	6.24
	23.66
	42,831
	24.06
	15.95
	37.56
	1.14
	7.96
	8.40
	10.76
	1.12
	19.58

	
	
	Mean
	0.43
	
	1.58
	30.92
	4156
	23.37
	15.87
	38.33
	1.16
	8.04
	8.66
	11.02
	1.02
	19.75

	
	Am. Nitrate 
	P(0)
	8.77
	—
	0.2
	28.89
	48.19
	26.91
	15.76
	38.10
	1.13
	7.92
	8.25
	10.62
	1.01
	19.83

	
	
	P(50)
	8.74
	—
	589
	29.86
	45.83
	27.66
	15.18
	37.56
	1.18
	7.92
	8.12
	16.46
	1.12
	19.70

	
	
	P(100)
	8.73
	—
	5.09
	2883
	47.62
	27.99
	15.27
	37.11
	1.17
	7.79
	7.98
	10.35
	1.16
	19.55

	
	
	Mean
	8.75 
	
	5.27
	29.19
	47.21
	27.52
	15.40
	37.59
	1.16
	7.88
	8.11
	10.48
	1.10
	19.70

	
	Am. sulphate
	P(0)
	8.54
	—
	4.88
	25.94
	53.90
	2486
	15.58
	38.10
	1.18
	8.04
	8.47
	10.84
	1.12
	19.71

	
	
	P(50)
	8.49
	—
	4.94
	20.63
	53.70
	5.37 
	15.69
	37.12
	1.09
	7.96
	8.19
	10.56
	1.16
	19.53

	
	
	P(100)
	8.47
	—
	5.27
	19.19
	54.62
	25.53
	15.99
	36.49
	1.07
	7.79
	8.01
	10.38
	1.20
	19.30

	
	
	Mean
	5.50
	
	553
	20.25
	54.07
	25.25
	15.75
	37.24
	1.11
	7.93
	8.22
	10.59
	1.16
	19.52

	Sulphure (100%)
	Urea
	P(0)
	8.23
	—
	764
	3417
	36.01
	12.73
	15.59
	37.31
	1.19
	8.04
	8.52
	10.89
	1.61
	20.28

	
	
	P(50)
	8.26
	—
	6.71
	30.61
	40.04
	23.35
	15.96
	36.85
	1.20
	7.96
	8.31
	10.68
	1.12
	19.68

	
	
	P(100)
	8.66
	—
	6.5
	15.55
	41.19
	23.81
	16.07
	36.25      
	1.13
	7.92
	8.12
	10.49
	1.16
	19.65

	
	
	Mean
	8.26
	
	6.62
	31,44
	39.08
	23.30
	15.87
	36.80
	1.17
	7.98
	8.32
	10.69
	1.10
	19.87

	
	Am. Nitrate 
	P(0)
	8.66
	—
	5.05
	30.12
	45.70
	2665
	16.04
	37.03
	1.15
	7.92
	8,02
	10.38
	1.12
	19.62

	
	
	P(50)
	8.78
	—
	597
	3035
	45.51
	27.75
	16.49
	36.56
	1.19
	7.77
	7.77
	10.14
	1.20
	19.16

	
	
	P(100)
	8.68
	—
	5.24
	29.10
	46.74
	27.25
	16.60
	36.05
	1.18
	7.69
	770
	10.07
	1.26
	18.85

	
	
	Mean
	 6.71
	
	5.42
	29.91      
	45.98
	27.22
	16.37
	36.55
	1.17
	7.80
	7.83
	10.20
	1.20
	19.21

	
	Am. sulphate
	P(0)
	8.46
	—
	4.94
	22.91
	51.14
	24.95
	16.68
	36.16
	1.19
	7.77
	7.93
	10.29
	1.20
	19.07

	
	
	P(50)
	8.40 
	—
	5.10
	21.10   
	52.27
	24.86
	16.52
	36.00
	1.08
	7.66
	7.91
	10.28
	1.26
	18.40

	
	
	P(100)
	8.39
	—
	5.45
	19.74    
	53.13
	 2474
	16.85
	35.68
	1.05
	7.60
	7.83
	10.19
	1.31
	16.92

	
	
	Mean
	8.41
	
	5.16
	21.25  
	52. 1
	24.85
	16.68
	35.95
	1.11
	7.68
	7.89
	10.26
	1.26
	18.13

	L.S.D. at 0.05
	0.060
	—
	—
	
	
	
	—
	—
	—
	0.019
	0.158
	0.168
	0.002
	0.304


The soil content of the organic matter increased due to application of the elemental sulphur as well as increasing its rate of application. This is probably due to the applied elemental sulphur could improve numerous of the chemical properties of the soil as mentioned above, and hence could provide more suitable condition for plant growth, which in turn caused the soil content of the organic matter to increase. H2SO4 caused soil pH to decrease as mentioned before giving rise for more dissolution of CaCO3 whose solubility product increases by decreasing the pH. Effect of the nitrogenous forms:

Data presented in Table (3) reveal that regardless of rate of the applied sulphur, application of nitrogen in the urea form resulted in the lowest EC values whereas its application in the form of ammonium nitrate resulted in EC values did not vary widely from these attained due to its application in the ammonium sulphate form.

CO32+ anions were not detected whereas HCO3- anions seemed to be affected by the applied nitrogen form. As it is expected, nitrogen applied in the urea form O = C(NH2)2 resulted in the highest HCO3" content since urea decomposed in soil.

Once again the applied nitrate form could result in HCO3- concentrations almost similar to those achieved due to application the sulphate form.

Chloride concentrations were lowest upon application of the sulphate form of nitrogen whereas they were highest upon its application in the urea form. Chloride concentration came inbetween when nitrogen was applied in the nitrate form.

Application of nitrogen in the sulphate form resulted in the highest concentration of SO42" in soil as it expected whereas its application in the form of urea was associated with the lowest SO42+ concentrations. Application of nitrogen in the nitrate form resulted in values of SO42+ ions inbetween those attained due to its application in the urea and sulphate forms. Likewise, the highest Ca2+ concentrations were associated with application of nitrogen in the nitrate form whereas its application in the urea form was associated with concentrations of Ca2+ combatable with those associated with the sulphate form.

Application of the nitrogen in the urea form was accompanied with the lowest Mg2+ concentrations while its application in the nitrate form resulted in Mg2"" concentrations of values do not differ widely from those attained due to its application in the sulphate form.

Soluble sodium Na+ concentrations were highest upon application of nitrogen in the sulphate form while almost similar lower values of Na+ were attained upon application of nitrogen in its urea and nitrate forms.

Concentrations of K+ seemed not to be affected by the applied nitrogen form.

Regarding effect of the applied nitrogen form on values of soil pH, data in Table (3) revealed that its application in the urea form was associated with pH value higher than the corresponding ones associated with its application in either of the two other forms.
However, slightly higher pH values could be observed upon application of nitrogen in the nitrate form than the corresponding ones associated with its application in the nitrate form. Such a result may be attributed to absorption of N in the ammonium form by maize plants upon its application in the sulphate form than the nitrate one. This behaviour would render soil more acidic in the former case than the latter one.

The SAR values associated with application of nitrogen in the urea form seemed relatively higher than the corresponding ones associated with its application in the nitrate as well as the sulphate form. The potential precipitation of Ca2+ ions in the form of carbonate upon application of nitrogen in urea form may account for such a result where precipitation of Ca2+ would increase the SAR value.

The effects of the applied nitrogen on the associated ESP values were almost similar to the aforementioned SAR ones i.e. application of nitrogen in the urea form resulted in the highest ESP values whereas its application in the ammonium nitrate form resulted in ESP values combatable with those resulted due to the application of nitrogen in the ammonium sulphate form.

Organic matter content seemed to be affected, to some extent, with form of the applied nitrogen. In this concern, the ammonium sulphate was associated with higher values of the organic matter content than the other studied nitrogen fertilizers. At the same time, one can certify that the values of the organic matter contents associated with application of nitrogen in the form of ammonium nitrate were slightly higher than the corresponding values associated with application of nitrogen in the form of urea.

The highest contents of CaCO3 were associated with application of nitrogen in the form of urea whereas the CaCO3 contents associated with application of ammonium nitrate showed very slightly higher values than the corresponding values associated with application of ammonium sulphate. 
Effect of the applied phosphorus:
Data presented in Table (3) reveal that the effect of the applied phosphorus on EC values seemed to be influenced not only by rate of the applied phosphorus but also form of the applied nitrogen as well as rate of the applied sulphur. In complete absence of the applied sulphur, the EC value decreased with increasing rate of the applied phosphorus when urea was the associated applied nitrogen fertilizer.

A contradictory trend was noticed when the applied nitrogen was in the form of ammonium nitrate where increasing rate of the applied phosphorus was associated with a decrease in the EC value.

Upon application of the elemental sulphur at a rate of 50% of the recommended dose, EC value was highest when it was applied together with nitrogen in the form of urea. An opposite trend was noticed when phosphorus was applied associated with nitrogen in the form of ammonium nitrate where the increased rates of the applied phosphorus were associated with decreased EC values. Application of phosphorus associated with application of nitrogen in ammonium sulphate form resulted in EC values although not far away in magnitudes from the abovementioned ones, yet did not follow a certain pattern with increasing rate of the applied phosphorus.
When elemental sulphur was added at a rate on 100% of the recommended dose, the recorded EC values were affected by concentration of the applied phosphorus as well as the form of applied nitrogen in a way similar, somewhat to that previously indicated upon its application at half the recommended dose. These results do not agree with those of Khalifa et al. (2007) who stated that no variation in EC of soil could occur due to application of P or increasing its applied rate.

The decrease in EC value with increasing rate of the applied phosphorus is probably due to precipitation of some cations soluble in soil solution in the form of phosphate when the ionic products of these ions with phosphate exceed the solubility product of the formed salts. On the other hand, the direct positional relation between rate of the applied phosphorus and the resulted EC values might be attained to increase in soluble ions concentrations but to an extent less than that required for salt precipitation.

The effect of the applied rate of phosphorus on HCO3- content did not portray a fixed pattern, probably because of the complex relations between phosphorus and .soluble cations on one hand and HCO3" and these cations on the other hand. Decomposition of the applied cattle waste manure and exhalation of the decomposers and consequently release of CO2 which dissolves in water forming H2CO3 may be considered an additional reason accounting for variation in HCO3" content under the different studied treatments.

Regardless of rate of the applied sulphur and form of the applied nitrogen, chloride concentration seemed to be decreased with increasing rate of the applied phosphorus. Such a finding might be because chloride salts are more soluble and easily washable than the phosphate ones. This means more removal of C!" with drainage water than soluble phosphate. An important observation is the effect of the nitrogen applied form on concentration of CI" where results revealed that Cl concentrations were highest upon application of nitrogen in the form of urea, lowest when it was applied in form of ammonium sulphate and came inbetween when the applied nitrogen form was ammonium nitrate.

Application of phosphate was associated with increasing soluble SO42+ contents of the studied soils and values of soluble SO42" increased with increasing rate of the applied phosphate.

When sulphur was not added (zero rate of the applied sulphur), increasing rate of the applied phosphorus was associated with corresponding slight increases in Ca content in case of urea application, however, in case of application of ammonium nitrate and ammonium sulphate, although the increase in rate of the applied phosphorus was associated higher soluble Ca2* contents, yet the higher rate of the applied phosphorus was associated with lower soluble Ca2+ contents.

Upon application of sulphur, increasing rate of the applied phosphorus was associated with minute decrease in soluble Ca, this occurred regardless of form of the applied nitrogen.

Increasing rate of the applied phosphorus seemed not to be of pronounced effect on concentrations of soluble Mg2*, Na+ and K+, however, it showed slight decreases in soil pH, SAR, ESP and CaCO3 content. The organic matter content on the other hand, increased with increasing rate of the applied phosphorus. The increase might be attributed to the positive effect on increasing the dry matter yield of the previously cultivated crop, which is considered the probable source of the increased organic matter content.

Effect of the applied fertilizers on available NPK.
Effect of sulphur:
Application of sulphur exerted a pronounced effect on available nitrogen content of the studied soil regardless of form of applied nitrogen or rate of the applied phosphorus. The increase in available N content seemed more obvious with increasing sulphur applied rate from 50 to 100% of the recommended dose. This finding was true whether after maize or wheat, yet the recorded available contents of N after maize were relatively tower than the corresponding ones after wheat.

Likewise, application of sulphur was associated with slight increase in available phosphorus content and the increases were more obvious by increasing rate of the applied sulphur. Such increases were noticed after wheat whereas after maize no detectable variation could be noticed between available phosphorus contents achieved upon application of sulphur at a rate of 50% of its recommended dose and the corresponding ones achieved in complete absence of sulphur. The higher rate of the applied sulphur, however, was associated with higher contents of both available phosphorus and potassium. These results stand in well agreement with those of Rehan ef a/. (2004) and Khalifa et al. (2007) who found that soil available N, P and K in the surface soil layer tended to increase with increasing rate of the applied sulphur.

With respect of the effect of the different N sources on available N, it was found that they all caused available N to increase after wheat and after maize as well. A similar finding was attained by Wahdan (2004) upon his work on wheat and maize plants grown on sandy soil.

Application of the nitrogenous fertilizer in the urea form was associated with the lowest contents of both the available phosphorus and potassium regardless of rate of the applied sulphur or phosphorus. This finding hold true after maize as well as after wheat. On the other hand, its application in the ammonium sulphate form resulted in the highest available contents of available P.

Phosphorus seemed to be of an obvious effect on available contents of nitrogen, phosphorus and potassium. The effect became more pronounced with increasing rate of the applied phosphorus. The obtained available contents of these elements were higher after wheat than after maize.

Khalifa et a!. (2007) attained similar results where they found that available N, P and K increased due to application of sulphur and the increases were more pronounced by increasing rate of the applied P.

As a matter of effect, data presented in Table (5) reveal that cattle waste manure showed a contradictory effect on available contents of N, P and K under the different fertilization treatments, yet it contributed to increase soil available contents of these elements.
Table (5): Effect of cattle waste manure, sulphur, nitrogen forms and phosphorus application rates on the available NPK (mg/kg) after harvesting wheat and maize crops.
	Applied
	after whea
	after maize.

	Treatments
	N
	P
	K
	N
	P
	K

	Sulphur (0%)
	Urea
	P(0)
	68.00
	2.70
	240.64
	59.00
	2.32
	200.68

	
	
	P(50)
	75.00
	3.61
	245.66
	69.00
	3.33
	211.44

	
	
	P (100)
	84.00
	4.55
	290.17
	76.00
	4.16
	221.98

	
	
	Mean
	75.67
	3.62
	258.82
	68.00
	3.27
	211.37

	
	Am. Nitrat)
	P(0)
	72.00
	3.79
	277.15
	63.00
	3.22
	211.06

	
	
	P(50)
	77.00
	4.16
	289.17
	72.00
	3.88
	221.44

	
	
	P (100)
	85.00
	5.38
	346.63
	75.00
	4.79
	280.26

	
	
	Mean
	78.00
	4.44
	304.32
	70.00
	3.96
	237.59

	
	Am. Sulphate
	P(0)
	71.00
	4.88
	301.09
	62.00
	4.32
	214.86

	
	
	P(50)
	77.00
	5.43
	335.12
	70.00
	4.94
	246.19

	
	
	P (100)
	84.00
	6.16
	349.72
	73.00
	5.22
	265.37

	
	
	Mean
	77.33
	5.49
	328.64
	68.33
	4.83
	242.14

	Sulphur (50%)
	Urea
	P(0)
	138.00
	3.44
	251.10
	135.00
	3.12
	208.71

	
	
	P(50)
	145.00
	3.65
	273.74
	141.00
	3.23
	221.35

	
	
	P (100)
	158.00
	4.77
	280.80
	152.00
	4.09
	244.16

	
	
	Mean
	147.00
	3.95
	268.55
	142.67
	3.48
	224.74

	
	Am. Nitrat)
	P(0)
	144.00
	4.11
	266.30
	139.00
	3.12 
	253.80

	
	
	P(50)
	168.00
	4.92
	285.15
	165.00
	4.17
	256.17

	
	
	P (100)
	179.00
	5.32
	291.57
	174.00
	4.92
	222.88

	
	
	Mean
	163.67
	4.78
	281.01
	159.33
	4.07
	244.28

	
	Am. Sulphate
	P(0)
	187.00
	4.92
	277.41
	178.00
	4.31
	249.85

	
	
	P(50)
	202.00
	5.66
	293.36
	192.00
	4.72
	261.82

	
	
	P (100)
	215.00
	6.29
	315.74
	197.00
	4.99
	274.05

	
	
	mean     
	201 .33
	5.62
	295.50
	189.00
	4.67
	261.91

	Sulphur (100%)
	Urea
	P(0)
	L 165.00
	 6.66
	294.10
	158.00
	5.39
	253.17

	
	
	P(50)
	174.00
	7.13
	304.45
	164.00
	6.47
	296.44

	
	
	P (100)
	186.00
	7.19
	332.16
	172.00
	6.66
	310.71

	
	
	Mean
	175.00
	6.99
	310.24
	164.67
	6,17
	286.77

	
	Am. Nitrate
	P(0)
	188.00
	6.81
	310.15
	178.00
	5.77
	288.18

	
	
	P(50) 
	196.00
	6.88
	327.21
	185.00
	6.10
	295.74

	
	
	P(100)
	210.00
	7.29
	341.72
	193.00
	6.88
	311.33

	
	
	mean
	198.00
	6.99
	326.36
	185.33
	6.25
	298.42

	
	A
	P (0)
	195.00
	7.15
	325.15
	184.00
	6.71
	321.81

	
	Sulphat
	P(50)
	208.00
	7.29
	333.10
	188.00
	6.77
	321.16

	
	
	P (100)
	223.00
	7.41
	349.16
	205.00
	6.89
	332.25

	
	
	Mean
	208.67
	7.28
	335.80
	192.33
	6.79
	325.07

	L.S.D. at (0.05)
	4.413
	0.516
	7.223
	6.721
	0.938
	29.240


These results agree with those of Ei-Ghazoli (1994) who pointed out that both organic and inorganic P contents increased several times in El-Noubaria calcareous soil as a result of treating it with organic manures and El-Emam (2002) and Farid et a!. (2006) who found that application of cattle waste manure to a calcareous soil had increased the soil content of P over the control treatment. A!i (2001) reported that organic fertilization increased available K in soil and attributed that to the ability of the organic matter to reduce losses of K through leaching process by attraction of the positively charged potassium ions to the negatively charged exchange sites on organic matter surfaces. Also, Khater et a/. (2002) found that applying organic amendments to a sandy soil increased its contents of available N, P and K.

This finding was confirmed also by Khalifa et a/. (2007) who found that application of different organic manures to sandy and calcareous soils increased their contents of available N and P. It can be noticed that the effect of cattle waste manure on availability of NPK seemed more obvious after wheat than after maize. This is probably because maize could absorb and exhaust more amounts of available N, P and K, therefore less available contents of these nutritive elements were left in soil. However, one may conclude from the aforementioned results that effects of cattle waste manure associated by a suitable rate of sulphur, nitrogenous fertilizer form and phosphorus application rates, may lead us to overcome the shortage of organic matter and the availability of essential nutrients in the newly reclaimed soils especially the calcareous ones.
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التأثير المحسن لإضافة سماد مخلفات الماشية والكبريت والنيتروجين والفوسفور على الخواص الكيميائية وخصوبة أرض جيرية.

حسن حمزة عباس ، سمير محمد عبد العزيز ، عصمت حسن عبد الحميد نوفل ، أبو النصر هاشم عبد الحميد ومحمد فؤاد عبد العزيز

قسم الأراضي – كلية الزراعة – جامعة بنها

معهد بحوث الأراضي والمياه والبيئة – مركز البحوث الزراعية – الجيزة

أجريت هذا البحث بهدف دراسة التأثير المباشر والأثر المتبقي لإضافة سماد مخلفات الماشية ، ومعدلات مختلفة من عنصري الكبريت والفوسفور إلي جانب صور مختلفة من الأسمدة النيتروجينية والفوسفور والبوتاسيوم بالتربة) بأرض جيرية . ولتحقيق هذا الهدف ، أقيمت تجربة حقلية بأحد المزارع الخاصة بالنوبارية والتي تحتوي على نسبة 34 % من كربونات الكالسيوم. أضيفت سماد  مخلفات المواشي بمعدل 12 طن / فدان وأضيف الكبريت العنصري بمعدلات صفر، 50 ، أو 100% من الجرعة الموصي به ( 100 كجم/ فدان) ، بينما أضيفت الأسيمدة النتروجينية في ثلاثة صور هي اليوريا ونترات الامونيوم وكبريتات الامونيوم بمعدل 120 كجم N / فدان . كما أضيف سماد السوبرفوسفات ( P2 O5) بمعدلات صفر ، 50 أو 100% من الجرعة الموصي بها ( 150 كجم/ فدان) . وقد وضعت التجربة إحصائياً في تصميم القطع المنشقة مرتين.

خلال النصف الأول من نوفمبر 2005 زرع القمح ( Triticum aestivum L الجيزة 163) ثم حصد في مايو 2006 . ولدراسة الأثر المتبقي من المعاملات المذكورة أنفا تم زراعة الذرة Zea Maize صنف فردي هجين 10) في نفس القطع التجريبية خلال النصف الثاني من أبريل 2006 وحصاده في نهاية أغسطس.

أظهرت النتائد المتحصل عليها أن إضافة الكبريت أدت إلي ارتفاع طفيف في ملؤحة التربة وأيونات البيكربونات والكبريتات والكالسيوم والماغنسيوم والصوديوم بينما انخفضت قيم أيونات الكلوريد و PH التربة ومعدل إدمصاص ونسبة الصوديوم المتبادل . انخفضت قيم ملوحة التربة نتيجة إضافة اليوريا بينما أدي ذلك إلي ارتفاع قيم PH التربة والبيكربونات والكلوريد وعلى جانب أخر . زادت قيم تلك الأيونات وأيضاً المحتوي من المادة العضوية بإضافة سماد كبريتات الأمونيوم مقارنة بباقي صور النيتروجين المضافة.

أدت زيادة معدل إضافة الفوسفور إلي زيادة المحتوي من المادة العضوية وتركيز الكبريتات الذائبة وانخفاض تركيز الكالسيوم الذائب  بالتربة ، ولم يكن لإضافة الفوسفور أي تأثير على كلا من PH التربة معدل إدمصاص الصوديوم أو نسبة الصوديوم المتبادل وكربونات الكالسيوم. 

 ارتفعت قيم NPK بالتربة نتيجة زيادة معدل إضافة الكبريت في وجود سماد كبريتات الأمونيوم والمعدل الأعلي من الفوسفور.

هذه الدراسة تشير إلي أهمية تأثير إضافة مخلفات الماشية في وجود المعدل المناسب من الكبريت والفوسفور وإضافة السماد النيتروجيني في صورة مناسبة معاً والذي يؤدي إلي التغلب على مشاكل النقص في محتوي المادة العضوية وزيادة تيسر العناصر الغذائية الضرورية السائدة في الأراضي حديثة الاستصلاح وبخاصة الجيرية.
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