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ABSTRACT

A field experiment was conducted at EL- Ismailia Agric. Res. Station, ARC to compare the effect of three different phosphorus sources ,i.e.,superphosphate, triple-superphosphate and rock- phosphate on some chemical properties of the soil after maize and peanut harvesting. Each of the tested phosphorus fertilizers were applied at different rates (31, 24 and 15.5 units of P2O5) in presence and /or absence of the phosphate dissolving bacteria Such effect was also considered due to maize and peanut crops productivity and their plant macronutrients uptake.  Results revealed that phosphorus sources and rates increased EC values in soil as compared to no phosphorus application for maize or peanut crops. This trend was true for pH values only in the second season. Generally, the soil reaction (pH) was not significantly affected by phosphours treatments, while EC was significantly affected. The rates and forms of phosphorus either applied alone or combined with phosphate dissolving bacteria increased the soil available NPK. The highest soil available nutrient values were due to the effect of triple-superphosphate with high rate combined with Bacillus megatherium inoculation. Such significant increases were recorded in both crops as a result of increasing phosphorus rates and in presence of inoculation. Triple-superphosphate gave the highest values of soil available nutrients. The same behavior was observed in the yield of both maize and peanut and their nutrients uptake. The P recovery, a difference between forms of phosphorus, was greater at lower than at higher P-rates for both maize and peanut plants. P recovery percent was superiority of maize and peanut plants when triple, rock- phosphate at high rate combined with phosphate dissolving bacteria gave similar results recorded by the use of high rate of triple-superphosphate in presence inoculation. This, however, indicate that rock- phosphate can be used as a potential source of phosphorus fertilizer in presence of the phosphate dissolving bacteria (Bacillus megatherium).  
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1. INTRODUCTION
Phosphorus is an essential element in plant nutrition but it is often deficient and low solubility. Therefore, the addition of fertilizers is necessary to correct the poor soil fertility, (Elsheikh et al., 2005). Rock phosphate (RP) and triple- superphosphate (TSP) significantly increased dry weights of shoot and root of different crop plants (Osman et al., 2002 and Elsheikh et al., 2007). Shoot and root dry weights, which are ultimate produce of plant height and branch number, were increased with phosphorus fertilizers. Also, such increases were observed in leaf contents of N, P in both seasons. This investigation showed that the addition of RP or TSP significantly increased available soil phosphorus with increasing level of the RP and TSP in both seasons. However, plant height was significantly increased by addition of TSP only in both seasons. The leaf content of K was neither affected by RP nor TSP application. 
Franzini et al. (2009) found that the availability of phosphorus (P) from rock phosphate (RP) can be improved if it is mixed with a water soluble P source. Mixture of RP with TSP improved the P recovery from RP in the corn plant and this effect increased proportionally to the TSP amounts in the mixture. There was no difference in RP-P utilization by the corn plants with increasing P rates in the mixture (1:1 proportion). Therefore, RP-P availability is affected by the proportions of the mixtures with water soluble P, but not by P rate.
Sundara et al. (2002) reported that the phosphorus solubilizing bacteria (PSB), Bacillus megatherium application increased the plant available P status in the soil. It also enhanced tillering and stalk weight and led to cane yield increase (12.6%) over no application. When used in conjunction with P fertilizers, PSB reduced the required P dosage by 25%. The PSB improved sugar yields, the influence of PSB was greater when RP constituted a part of the P fertilizers applied. 

Hesham (2005) reported that wheat inoculated with mixed inoculum exhibited high shoot dry weight, total nitrogen (N) yield and shoot phosphorus content increased by 37 and 53% compared to the plants inoculated with Azospirillum lipoforum and uninoculated ones. Maximum nitrogenase activity was observed in mixed inoculum treatment compared to un-inoculated and A. lipoferum inoculated plants.. 

Malhi et al. (2001) and Nesreen (2003) mentioned that percent of phosphorus recovery by wheat plants from P fertilizer decreased with increasing P fertilizer rate. Recently, Franzini et al. (2009) reported that the mixture of rock phosphate (RP) with triplesuperphosphate (TSP) improved P recovery from rock phosphate in the corn plant and this effect increased proportionally to the triplesuperphosphate amounts in the mixture. When compared with the plant P recovery from triplesuperphosphate (10.52 %), rock phosphate. P recovery (2.57 %) was much lower even when mixed together in the ratio of 80 % TSP : 20 % PR.  
The objective of the present study was to evaluate the efficiency of using different rates and forms of phosphorus in presence of the phosphate dissolving bacteria adopted for maize and peanut plants grown on light textured soil (Sandy soil).       

2. MATERIALS AND METHODS
A field experiment was carried out at Ismaillia Agric. Res. Sta, ARC during summer season with maize (Zea mays L., cv Giza 10) and peanut ( Arachis hypogaea ) which were used as a test crops. The physical and chemical properties of the soil used are shown in (Table, 1). 

The tested treatments consisted of three phosphorus sources (super, triple and rock phosphate) applied at three levels of 100, 75 and 50 % ( 31, 24 and 15.5 units of P2O5/Fed., respectively) were added with non-inoculated and/ or inoculated with Bacillus megatherium bacteria after maize and peanut sowing.  In addition, an extra dose of the respective liquid cultures was sprayed over the seeds before covering at the rate of 1 l plot-1. The organic matter (FYM) was applied at rate 20 m3 fed.-1 and rates of phosphorus were spread over the plots and thoroughly incorporated into the upper 20 cm soil layer before sowing maize and peanut.  
All plots received ammonium sulfate (20.6 % N) and potassium sulfate (48 % K2O) at rates of 600 and 100 Kg fed.-1, respectively for maize and 150 and 100 Kg fed.-1 for peanut, respectively. Ammonium sulfate was splited to four equal doses after 2, 4, 6 and 8 weeks from sowing, while potassium was divided into two equal doses. The first was at sowing and the second was applied after 35 days from sowing of both crops. 

The experiment was designed in a split-split plot design with three replicates. The main plots were for with or without inoculation of Bacillus megatherium, while the sub-main plots were sources of phosphorus (Super, triple and rock phosphates). The sub-sub plots were rates of phosphorus with three levels (50, 75 and 100 %). 

At harvest, surface soil samples (0-15 cm depth) were collected. Soil pH, electrical conductivity EC and available N, P and K were determined according to Page et al. (1982). Maize and peanut plant samples were taken at harvest to determine straw, grain for maize and seed for peanut yield and nutrients uptake. Plants samples were oven dried at 70oC for 48 h up to constant dry weight, then ground and wet digested using H2SO4:H2O method (Page et al.,1982). The digests were then subjected to the measurement of nutrients N, P and K (Cottenie et al.,1982). Recovery of applied phosphorus (PR) % was calculated as follows: 
P recovery (%) = (PPDF / P applied) X100

Where PPDF, amount of P uptake by plants. P applied, amount of P applied (Franzini et al., 2009).
The obtained results were subjected to statistical analysis and the treatments were compared using least significant difference test (L.S.D) at 0.05 level of probability, according to Snedecor and Cochran, (1980).
3. RESULTS AND DISCUSSION
3.1. Influence of phosphorus forms, rates and inoculation with phosphate dissolving bacteria on some soil chemical properties: 

3.1.1. Soil reaction (pH)

Data presented in Table (2) indicate that application of phosphorus generally decreased the pH values at maize planting, in spite of the increase in pH values at peanut planting. The values of pH were lower with application of phosphorus rates 
particularly with inoculation of phosphate dissolving bacteria (Bacills megatherium). In comparison with phosphate solubilising bacteria, B.megaterium inoculation gave the  lowest pH in soil that may be due to the production of organic acids 

[image: image1]
as a result of soil inoculation with bacteria (Cakmakci et al., 2007). The application of phosphorus had a positive significant effect on pH values for both plants.

3.1.2. Electrical conductivity (EC)
Obtained results show that EC values in soil at harvesting of maize and peanut plants were higher with application of phosphorus either with non-inoculation or inoculation treatments.

Presense of inoculation for both crops.The increase 

of N, P and K were 17.3 , 65.0 and 103 as well as 

15,3, 181 and 20.3 % for maize and peanut crops, respectively. Results demonstrated that available soil N,P and K
significantly increased with increasing rates of phosphorus.  These results  confirmed the findings

3.1.3.  Availability of macronutrients:

The availability of N, P and K in the soil after maize and peanut harvesting are shown in Table (3). Value of macronutrient availability for both tested crops had increased with application of phosphorus either alone or combined with phosphate dissolving bacteria. These results are in agreement with results of Pastrana (1994) and El Saeed (1997).  Also data show high significant increases in available N, P and K due to the application of high rate of triple-superphosphate in 
of  Elsheikh  et al. (2007).  The  highest  significant 
values of macronutrients (N, P and K) were recorded with triple-superphosphate form for both plants. The inoculation with dissolving phosphate bacteria increased the available macronutrient values as compared to non-inoculation. These results are in harmony with the findings of Sundara et al. (2002) who found that the phosphate solubilizing bacteria (PSB) application increased the available P in soil. Recently, Cakmakci et al. (2007) 
Table (3): Responses of available macronutrients in soil (ppm) to application of phosphorus and inoculations.
	Phosphorus treatments
	Inoculations
	Maize
	Peanut

	Forms
	Rates
	
	N
	P
	K
	N
	P
	K

	Control
	127
	20.3
	56.4
	131
	15.5
	103

	Superphosphate
	50%
	Non-Inoculation
	138
	24.1
	69.9
	137
	19.1
	108

	
	75%
	
	139
	25.0
	75.7
	138
	24.9
	112

	
	100%
	
	140
	28.2
	78.6
	139
	27.0
	113

	Triple-superphosphate
	50%
	
	142
	26.3
	85.4
	141
	26.1
	107

	
	75%
	
	143
	28.2
	97.7
	142
	27.2
	113

	
	100%
	
	147
	29.0
	105
	144
	31.9
	118

	Rock-phosphate
	50%
	
	128
	22.5
	57.5
	133
	17.9
	87.7

	
	75%
	
	130
	24.3
	61.4
	137
	23.0
	103

	
	100%
	
	134
	26.2
	64.8
	141
	22.2
	110

	Mean of non-inoculation
	135 
	24.6 
	72.1 
	137 
	22.2 
	107 

	Superphosphate
	50%
	Inoculation
	144
	27.0
	72.0
	140
	20.1
	111

	
	75%
	
	147
	28.8
	75.9
	142
	26.5
	113

	
	100%
	
	148
	29.7
	85.3
	144
	31.9
	118

	Triple-superphosphate
	50%
	
	146
	30.2
	101
	149
	27.4
	112

	
	75%
	
	148
	31.9
	111
	150
	28.1
	121

	
	100%
	
	149 
	33.5 
	115 
	151 
	34.5 
	124 

	Rock-phosphate
	50%
	
	130
	25.7
	68.4
	136
	19.5
	96.6

	
	75%
	
	138
	26.4
	72.1
	139
	26.1
	109

	
	100%
	
	139
	31.2
	85.7
	147
	27.9
	112

	Mean of inoculation
	139 
	26.9 
	76.4 
	141 
	24.7 
	111 

	Mean of phosphorus forms 

              superphosphate 

              Triple-superphosphate

              Rock-phosphate
	139 

141 

132 
	25.4 

27.5 

24.2 
	71.3 91.1 

60.3 
	138 142 136 
	22.6 

26.9 

20.9 
	111 

113 

103 

	Mean of phosphate rates

               50 %

               75 %

               100 %                                        
	138 

141 

143 
	25.9 

27.4 

29.1
	74.1 

80.7 

85.9 
	139 

142 

144 
	21.7 

25.9 

30.7 
	104 

112 

116 

	L.S.D. 5% for:-

Inoculation (A)

Phosphate forms (B)

Phosphate rates (C )

A*B

A*C

B*C

A*B*C
	1.24

6.13

4.87

8.67

6.88

8.43

11.9
	0.58

1.11

1.11

1.56

1.57

1.92

2.72
	1.01

3.16

4.19

4.47

5.93

7.26

10.3
	0.64

0.67

2.01

0.95

2.84

3.47

4.91
	1.05

2.22

2.69

3.14

3.82

4.67

6.61
	1.67

6.03

7.50

8.54

10.6

12.9

18.4


reported that the available P in response to Bacillus megaterium was higher than in response to other tested strains. This may due to the solubilisation of insoluble P with Bacillus megaterium treatment. Available P increased as pH decreased. Some bacteria may solubilise inorganic P due to excretion of organic acids (Vessey, 2003). 

 3.2. Influence of phosphorus forms, rates and inoculation with phosphate dissolving bacteria on total content of macronutrients in plants:
Data presented in Table (4) show that the values of nutrient uptake were generally significantly high in both straw and grains for maize and seeds for peanut plants receiving phosphorus treatments under non-inoculated or inoculated with phosphate dissolving bacteria. 

Obtained results revealed that the application of high rate of triple-superphosphate in presence of inoculation with phosphate dissolving bacteria gave significantly favorable macronutrients uptake in straw and grain or seed of both maize and peanut plants. This increase in N, P and K uptake recorded 47.3, 61.9 and 84.0 % for straw of maize plant as well as 141, 110 and 148 % for grains against 140, 155 and 242 % for straw of peanut plant as well as 148, 264 and 201 % for seeds as compared to control, respectively. On the other hand, inoculation with phosphate dissolving bacteria improved the total contents of macronutrients in plant parts of maize and peanut plants as compared to non-inoculated ones. These results are in harmony with those obtained by Cakmakci et al. (2007). Total content of N, P and K in plant parts for both maize and peanut plants was positively affected by increasing rates of phosphate. Also triple-superphosphate improved significantly macronutrients in both plants. Similar trend was obtained with applied rock-phosphate especially for phosphorus uptake in parts of maize plant. These results confirmed the findings of Osman et al. (2002) , Gorfu et al. (2003) and Elsheikh et al. (2007) who found that application of rock-phosphate or triple-superphosphate significantly improved the leaf content of nitrogen and phosphorus. This may be attributed to the increased solubility of phosphorus forms from different sources with time, hence, enhancing the absorption of P anion.  

3.3. Influence of phosphorus forms, rates and inoculation with phosphate dissolving bacteria on yields of maize and peanut and their relative percents

Data in Table (5) show that yields (straw, grain and seeds) of both maize and peanut were significantly higher with the application of phosphorus.  Also, results indicate that maize and peanut yields as well as relative percents increased gradually by increasing the rates of phosphorus fertilizer. In addition, the yields of maize and peanut significantly increased by inoculation as compared to non-inoculation. Previously, Sundara et al. (2002) found that the cane sugar yield increased by application of phosphorus solubilizing bacteria (PSB). This was due to increasing PSB activity in rhizosphere and consequently by enhancing the P solubilization. This leads to increase stalk number and stalk growth ultimately leading to higher can yield. Recently, Cakmakci et al. (2007) obtained similar results. 
Moreover, high rate of triple-superphosphate a combined with inoculation by phosphate dissolving bacteria treatment significantly increased maize and peanut yields along with relative percents. These results were in agreement with those of Elsheikh et al. (2007), who showed that the plant height of peanut was significantly increased by addition of triple-superphosphate. This could be attributed to the positive effect of water soluble phosphatic fertilizers on plant photosynthesis and, hence, plant height.
Although, the effect of high rate of rock-phosphate addition combined with inoculation on yields was not significant. This may be due to the relatively low solubility of the phosphorus in rock-phosphate and, hence, the phosphorus level in the root sorption zone is low, particularly, in early growth stages. It may also be attributed to the low development of plant compared with its rapid growth when soluble form of phosphorus is applied (Hammond et al. 1986). 

Regarding the applied phosphorus forms, results indicated that yield components and relative percents, they increased significantly due to adding the triple-superphosphate as compared to other sources. These results were in similar trend for macronutrients either available in soil or uptake in plants. 

Previously results could suggest that high rate of triple-superphosphate had similar effect to high rate of rock-phosphate under inoculation for 
      Table (4): Responses of macronutrients total contents (Kg/fed.) for both maize and peanut cultivars to application    of phosphorus and inoculations.

	Phosphorus treatments
	Inoculations
	Straw
	Grain

	Forms
	Rates
	
	N
	P
	K
	N
	P
	K

	
	
	
	Maize crop

	Control
	129
	33.1
	94.0
	48.9
	11.8
	37.9

	Superphosphate
	50%
	Non-Inoculation
	150
	40.9
	111
	60.4
	13.7
	45.8

	
	75%
	
	153
	43.6
	118
	61.9
	15.5
	59.2

	
	100%
	
	160
	51.1
	122
	78.3
	18.8
	69.1

	Triple-superphosphate
	50%
	
	162
	41.0
	127
	71.3
	14.3
	55.7

	
	75%
	
	171
	45.9
	136
	86.0
	16.3
	64.3

	
	100%
	
	176
	52.0
	146
	100
	19.4
	71.9

	Rock-phosphate
	50%
	
	131
	37.2
	99.1
	55.3
	13.4
	40.4

	
	75%
	
	133
	39.9
	103
	60.3
	14.3
	43.9

	
	100%
	
	134
	49.9
	111
	62.4
	15.7
	47.4

	Mean of non-inoculation
	147
	41.8
	113
	65.3
	14.7
	50.9

	Superphosphate
	50%
	Inoculation
	142
	39.5
	106
	57.4
	15.4
	48.3

	
	75%
	
	149
	43.1
	111
	65.3
	17.0
	60.7

	
	100%
	
	152
	45.6
	119
	74.1
	18.7
	73.2

	Triple-superphosphate
	50%
	
	168
	43.1
	134
	79.2
	20.5
	76.0

	
	75%
	
	183
	48.2
	148
	90.8
	22.0
	80.4

	
	100%
	
	190
	53.6
	173
	118
	24.8
	94.1

	Rock-phosphate
	50%
	
	162
	42.0
	112
	62.1
	19.1
	51.7

	
	75%
	
	170
	45.9
	129
	71.6
	21.8
	71.0

	
	100%
	
	174
	52.8
	150
	97.9
	23.7
	81.9

	Mean of inoculation
	156
	42.8
	122
	71.9
	18.2
	62.6

	Mean of phosphorus forms 

              superphosphate 

              Triple-superphosphate

              Rock-phosphate
	145

164

145
	41.3

43.8

41.8
	109

132

112
	61.9

80.5

63.5
	15.3

17.6

16.4
	54.0

64.8

51.5

	Mean of phosphate rates

               50 %

               75 %

               100 %                                        
	152

160

165
	40.6

44.5
50.8
	115

124

137
	64.3

72.7

88.6
	16.1

17.8

20.2
	52.9

63.2

72.9

	L.S.D. 5% for:-

Inoculation (A)

Phosphate forms (B)

Phosphate rates (C )

A*B

A*C

B*C

A*B*C
	6.46

8.44

14.9

11.9

21.1

16.9

23.9
	3.31

3.54

3.51

5.00

4.96

7.07

10.0
	5.22

19.7

24.9

27.9

35.3

39.5

55.8
	11.5

11.3

14.4

15.9

20.3

22.6

31.9
	1.36

1.85

1.96

2.62

2.78

3.70

5.23
	9.90

8.82

13.4

12.5

18.9

17.6

24.9

	
	B. Peanut

	Control
	42.5
	14.4
	44.4
	14.6
	1.93
	4.05

	Superphosphate
	50%
	Non-Inoculation
	49.8
	18.4
	59.0
	16.1
	2.23
	5.54

	
	75%
	
	70.2
	23.2
	73.4
	21.9
	2.40
	6.25

	
	100%
	
	73.1
	27.5
	113
	26.6
	3.09
	8.09

	Triple-superphosphate
	50%
	
	69.6
	28.6
	115
	28.5
	4.63
	8.05

	
	75%
	
	81.9
	30.0
	125
	31.9
	5.93
	8.46

	
	100%
	
	94.4
	32.7
	144
	33.8
	6.42
	10.6

	Rock-phosphate
	50%
	
	43.1
	16.5
	55.3
	15.5
	2.12
	4.81

	
	75%
	
	52.8
	19.5
	71.6
	17.3
	2.25
	5.66

	
	100%
	
	58.9
	22.7
	90.1
	18.2
	3.34
	5.84

	Mean of non-inoculation
	60.1
	21.9
	82.7
	21.5
	3.35
	6.29

	Superphosphate
	50%
	Inoculation
	63.2
	20.7
	63.0
	20.1
	2.31
	5.59

	
	75%
	
	75.8
	26.2
	89.3
	22.1
	3.05
	7.88

	
	100%
	
	84.6
	28.2
	116
	29.8
	3.94
	8.12

	Triple-superphosphate
	50%
	
	90.4
	31.8
	128
	32.5
	5.30
	9.06

	
	75%
	
	97.0
	33.0
	140
	37.5
	6.74
	10.5

	
	100%
	
	102
	34.7
	152
	36.2
	7.03
	12.2

	Rock-phosphate
	50%
	
	64.8
	21.8
	94.7
	20.9
	2.66
	6.63

	
	75%
	
	89.5
	25.5
	102
	23.1
	3.11
	8.78

	
	100%
	
	93.1
	29.9
	127
	33.1
	5.90
	9.58

	Mean of inoculation
	74.0
	24.8
	95.3
	24.9
	3.82
	7.54

	Mean of phosphorus forms 

              superphosphate 

              Triple-superphosphate

              Rock-phosphate
	62.7

77.6

60.9
	21.6

27.8

20.6
	75.4

112

78.7
	20.7

26.4

19.3
	2.61

4.99

2.91
	6.19

8.38

6.18

	Mean of phosphate rates

               50 %

               75 %

               100 %                                        
	63.5

77.9

84.4
	22.9

26.4

29.6
	86.1

100

125
	22.3

25.5

30.4
	3.21

4.25

4.95
	6.61

7.92

9.08

	L.S.D. 5% for:-

Inoculation (A)

Phosphate forms (B)

Phosphate rates (C )

A*B

A*C

B*C

A*B*C
	6.41

5.49

10.1

7.76

14.4

10.9

15.5
	4.38

2.39

3.49

3.37

4.93

4.77

6.75
	12.2

9.04

16.4

12.8

23.1

18.1

25.6
	2.85

1.71

3.35

2.41

4.74

3.41

4.83
	0.47

0.36

0.47

0.51

0.66

0.72

1.02
	1.14

1.07

1.75

1.51

2.48

2.14

3.02


       Table (5): Responses of maize and peanut yields to application of phosphorus and  inoculations.

	Phosphorus treatments
	Inoculations
	Straw
	Grain

	Forms
	Rates
	
	Yield Kg/fed.
	(R.P.)*
	Yield Kg/fed.
	     (R.P.)*

	
	
	
	A. Maize

	Control
	     4234
	-
	1270
	-

	Superphosphate
	50%
	  Non-Inoculation
	5373
	127
	1668
	131

	
	75%
	
	5596
	132
	1761
	139

	
	100%
	
	6082
	144
	1941
	153

	Triple-superphosphate
	50%
	
	5750
	136
	1756
	138

	
	75%
	
	6361
	150
	1864
	147

	
	100%
	
	6949
	164
	2069
	163

	Rock-phosphate
	50%
	
	4655
	109
	1323
	104

	
	75%
	
	4802
	113
	1459
	115

	
	100%
	
	5081
	120
	1596
	126

	Mean of non-inoculation
	5279
	125
	1604
	126

	Superphosphate
	50%
	Inoculation
	4933
	117
	1438
	113

	
	75%
	
	5289
	125
	1684
	133

	
	100%
	
	5668
	134
	1736
	137

	Triple-superphosphate
	50%
	
	6005
	142
	2062
	162

	
	75%
	
	7138
	169
	2345
	185

	
	100%
	
	7974
	188
	2546
	200

	Rock-phosphate
	50%
	
	5596
	132
	1809
	142

	
	75%
	
	6012
	142
	2053
	162

	
	100%
	
	7248
	171
	2156
	169

	Mean of inoculation
	5714
	135
	1803
	142

	Mean of phosphorus forms

superphosphate

Triple-superphosphate

Rock-phosphate
	5176

6080

5233
	122

144

124
	1596

1898

1617
	126

149

127

	Mean of phosphate rates

50 %

75 %

100 %
	5385

5866

6500
	127

139

154
	1676

1861

2007
	132

147

158

	L.S.D. 5% for:-

Inoculation (A)

Phosphate forms (B)

Phosphate rates (C )

A*B

A*C

B*C

A*B*C
	155.4

342.5

575.8

484.3

814.3

684.9

968.6
	-

-

-

-

-

-

-
	325.2

282.2

397.3

399.1

561.8

564.4

798.2
	-

-

-

-

-

-

-



	Phosphorus treatments
	Inoculations
	Straw
	Seeds

	Forms
	Rates
	
	Yield Kg/fed.
	(R.P.)*
	Yield Kg/fed.
	(R.P.)*

	
	
	
	B. Peanut

	Control
	2678
	-
	320
	-

	Superphosphate
	50%
	Non-Inoculation
	3381
	126
	479
	149

	
	75%
	
	4755
	178
	626
	196

	
	100%
	
	5530
	206
	716
	224

	Triple-superphosphate
	50%
	
	3562
	133
	589
	184

	
	75%
	
	5646
	211
	694
	217

	
	100%
	
	5915
	221
	825
	258

	Rock-phosphate
	50%
	
	2785
	104
	265
	82.8

	
	75%
	
	3920
	146
	281
	87.8

	
	100%
	
	4568
	171
	311
	97.2

	Mean of non-inoculation
	4008
	149
	479
	149

	Superphosphate
	50%
	Inoculation
	4399
	164
	491
	153

	
	75%
	
	5077
	189
	694
	217

	
	100%
	
	5772
	216
	799
	249

	Triple-superphosphate
	50%
	
	4554
	170
	620
	194

	
	75%
	
	5769
	215
	788
	246

	
	100%
	
	6404
	239
	959
	299

	Rock-phosphate
	50%
	
	4203
	157
	508
	159

	
	75%
	
	5349
	199
	776
	243

	
	100%
	
	6184
	231
	822
	257

	Mean of inoculation
	4645
	173
	618
	193

	Mean of phosphorus forms 

              superphosphate 

              Triple-superphosphate

              Rock-phosphate
	4284

4651

4046
	159

174

151
	556

639

451
	174

199

141

	Mean of phosphate rates

               50 %

               75 %

               100 %                                        
	3815

5086

5729
	142

189

214
	492

643

739
	154

201

231

	L.S.D. 5% for:-

Inoculation (A)

Phosphate forms (B)

Phosphate rates (C )

A*B

A*C

B*C

A*B*C
	550

431

767

609

1084

862

1219
	-

-

-

-

-

-

-
	77.7

85.7

105

121

149

172

243
	-

-

-

-

-

-

-


*Relative percent (R.P.) = (Treatment / control) X 100
macronutrients either available in soil or uptake by plant along with maize and peanut yields. 

3.4. Effect of phosphorus forms, rates and inoculation with phosphate dissolving bacteria on P- recovery 
The calculated values of P recovery (a difference between forms of phosphorus)  by maize and peanut plants form phosphorus forms applied at different rates with either non-inoculation or inoculation with bacteria are shown in Figure (1). 

P recovery
The P recovery was greater at lower than at higher p-rates for both maize and peanut plants. Also, inoculation with phosphate dissolving bacteria increased P availability to maize and peanut plants as indicated by higher P recovery percent as compared to un-inoculation. P recovery percent was superior for maize and peanut plants when triple-superphosphate was applied but superphosphate and rock-phosphate were significantly similar in their effect. These results agree with those reported by Franzini et al. (2009) who indicated that the mixture of rock-phosphate with triple-superphosphate improved the P recovery from rock-phosphate in the corn plant and this effect increased proportionally to the triple-superphosphate amounts in the mixture. When compared with the plant P recovery from triple-superphosphate (10-.52 %), rock-phosphate- P recovery (2-57 %) was much lower even when mixed together in the ratio of 80 % triple-superphosphate: 20 % rock-phosphate. 

The interaction between treatments showed that the values of P recovery percent for maize and peanut yields were in ascending order of triple-superphosphate > superphosphate > rock-phosphate without inoculation, but triple-superphosphate > rock-phosphate > superphosphate with inoculation.  
In addition, it was found that 50% of the costly superphosphate could be replaced by rock phosphate (RP), a cheap source of P, when applied in conjunction with PSB. (Sundara et al., 2002).
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مقارنة صور و معدلات الفوسفور المتأثرة بالتلقيح بواسطة البكتريا المذيبة للفوسفات فى الآراضى الرملية

جيهان حسنى يوسف ، منى عبد العظيم عثمان ، وفاء محمد أحمد صديق ، منى حفنى محمد قناوى
معهد بحوث الآراضى و المياه و البيئة – مركز البحوث الزراعية – جيزة – مصر
ملخص

أجريت تجربة حقلية فى الموسم الصيفى على محصولى الذرة و الفول السودانى بمحطة البحوث الزراعية بالاسماعيلية – مركز البحوث الزراعية - لمقارنة تأثير أضافة ثلاث مصادر مختلفة من الفوسفور (السوبر فوسفات، التربل فوسفات، صخر الفوسفات) بثلاث معدلات (31، 24، 15.5 وحدة P2O5  ) فى وجود أو غياب البكتريا المذيبة للفوسفات على بعض الخواص الكيميائية للتربة بعد حصاد كل من الذرة و الفول السودانى.  كذلك تم دراسة تأتير ذلك على انتاجية محصولى الذرة و الفول السودانى و امتصاص العناصر الكبرى.  وقد اشارت النتائج أن اضافة مصادر و معدلات مختلفة من الفوسفور تزيد من قيم الـتوصيل الكهربى للتربة فى كلا المحصوليين. بصفة عامة كما لوحظ ان قيم الحموضة لا تتأثر معنويا بالمعاملات المضافة، بينما تأثرت قيم الــتوصيل الكهربى معنويا. كذلك أوضحت النتائج ان لاضافة مصادر و معدلات الفوسفور المختلفة سواء ملقحة او غير ملقحة بالبكتريا المذيبة للفوسفات تأثير متزايد على تيسير النيتروجين و الفوسفور و البوتاسيوم فى الارض مقارنة بالكنترول. و قد أدى اضافة المعدل المرتفع من التربل فوسفات والملقح بالـ  Bacillus megatherium  الى الحصول على أعلى قيم للعناصر الميسرة  بالتربة. و بالنسبة لصورة الفوسفور، أظهرت النتائج ان التربل فوسفات أعطى أعلى قيم للعناصر الميسرة فى التربة. أيضا دلت النتائج على ان المعاملات السابق ذكرها أعطت نفس التأثير على مكونات المحصول (القش ، البذور ، الحبوب) لكل من الذرة و الفول السودانى و امتصاص العناصر بهم.  وقد وجد ان نسبة استعادة الفوسفور (RP ) تختلف تبعا لصور الفوسفور المستخدمة و تكون مرتفعة فى حالة التركيزات المنخفضة من الفوسفورعن التركيزات المرتفعة. ولكن عند اضافة السوبر و صخر الفوسفات كانت نسبة الزيادة متقاربة و غير معنوية.  
بصفة عامة، كان لاستخدام المعدل المرتفع من صخر الفوسفات الملقح بالبكتريا المذيبة للفوسفات نتائج مشابهة لتلك المسجلة باستخدام المعدل المرتفع من التربل فوسفات فى وجود التلقيح. مما يدل على انه يمكن استخدام صخر الفوسفات كمصدر للتسميد الفوسفاتى فى وجود البكتريا المذيبة للفوسفات (Bacillus megatherium ) بكفاءة عالية.  

Table (5): Cont.





Table (1): Some physical and chemical properties of the experimental soil   .


            Soil properties�
Values�
�
Particle size distribution %


Coarse Sand


Fine Sand


Silt


Clay


Texture class�



54.4


40.4


3.20


2.00


Sandy�
�
Chemical properties


CaCO3 %


pH(1: 2.5 soil- water suspension)


EC dS/m (saturated past extract)


Organic matter %�



1.4


7.92


0.37


0.52�
�
Soluble cations and anions (meq/l)�
�
Ca++


Mg++


Na+


K+


CO3--


HCO3-


Cl-


SO4--�
0.95


0.89


1.51


0.45


1.42


-


1.02


1.36�
�
Available nutrients (ppm)�
�
N


P


K�
85


25


125�
�









Table (2): Responses of soil reaction (pH) and electric conductivity (EC) to application of phosphorus and inoculation.





Phosphorus treatments�



Inoculations�
Maize�
Peanut�
�



Forms�



Rates�
�
pH�
EC


dSm-1�
pH �
EC


dSm-1�
�
Control�
7.43�
1.81�
7.52�
1.70�
�
Superphosphate�
50%�
Non-Inoculation�
7.23�
2.90�
7.54�
1.80�
�
�
75%�
�
7.17�
3.83�
7.5�
1.82�
�
�
100%�
�
7.43�
2.26�
7.32�
2.22�
�
Triple-superphosphate�
50%�
�
7.19�
1.89�
7.69�
1.60�
�
�
75%�
�
7.22�
2.94�
7.43�
2.11�
�
�
100%�
�
7.33�
2.56�
7.41�
2.04�
�
Rock-phosphate�
50%�
�
7.22�
2.12�
7.90�
1.58�
�
�
75%�
�
7.26�
3.12�
7.68�
1.73�
�
�
100%�
�
7.24�
2.86�
7.41�
1.74�
�
Mean of non-inoculation�
7.30�
2.49�
7.54�
1.81�
�
Superphosphate�
50%�
Inoculation�
7.46�
1.57�
7.69�
1.79�
�
�
75%�
�
7.19�
2.07�
7.65�
1.73�
�
�
100%�
�
7.08�
3.58�
7.59�
1.64�
�
Triple-superphosphate�
50%�
�
7.38�
2.21�
7.52�
1.99�
�
�
75%�
�
7.16�
2.89�
7.46�
2.16�
�
�
100%�
�
7.13�
4.16�
7.68�
1.5�
�
Rock-phosphate�
50%�
�
7.30�
2.58�
7.55�
2.18�
�
�
75%�
�
7.09�
3.67�
7.51�
1.89�
�
�
100%�
�
7.39�
2.53�
7.39�
2.40�
�
Mean of inoculation�
7.29�
2.56�
7.55�
1.87�
�
Mean of phosphorus forms 


              superphosphate 


              Triple-superphosphate


              Rock-phosphate�



7.30


7.29


7.29�



2.48


2.54


2.56�



7.54


7.53


7.56�



1.80


1.85


1.87�
�
Mean of phosphate rates


               50 %


               75 %


               100 %                                        �



7.30


7.18


7.27�



2.21


3.09


2.99�



7.64


7.54


7.47�



1.82


1.91


1.92�
�
L.S.D. 5% for:-


Inoculation (A)


Phosphate forms (B)


Phosphate rates (C )


A*B


A*C


B*C


A*B*C�



0.05


0.07


0.14


0.10


0.19


0.24


0.34�



0.03


0.52


0.74


0.74


1.04


1.28


1.81�



0.06


0.14


0.22


0.19


0.31


0.38


0.54�



0.05


0.16


0.17


0.23


0.24


0.29


0.41�
�
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Fig. (1) :- Effect of phosphorus rates for three forms on P 
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