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ABSTRACT


A field experiment was conducted in a sandy soil at Ismailia Agric. Res. Station, Agricultural Research Center, Egypt to evaluate the effect of seed inoculation with Rhizobium and phosphate dissolving bacteria (PDB) in the presence of phosphorus and sulphur in different rates on peayield, N and P content, nodulation and nitrogenase activity as well as phosphorus availability in soil. Seed inoculation was performed using Rhizobium leguminosarum and/or Bacillus polymyxa along with superphosphate at rates of 0, 15 and 30kg P2O5/fed. and sulphur at rates of 0 and 200kg S/fed.


The results indicated that the applied of both P and S caused a substantial increase in the soil P availability particularly in the presence of bacterial inoculum. However, pH values showed no significant changes due to the bacterial inoculation and/or phosphorus application and the decrease in soil pH values occurred only in the treatments received sulphur. Nitrogen and phosphorus concentrations in both seeds and straw, seed yield and yield components of pea were significantly increased upon the application of P and S. In this respect, the dual inoculation of both Rhizobium and B. polymyxa was more prominent in enhancing the increment of these parameters than in the single inoculations. Moreover, these parameters were highly significantly enhanced with raising the rate of P fertilization 15 to 30kg P2O5/fedan. Number and weight of nodules as well as nitrogenase activity of pea roots followed a trend almost similar to that of seed yield and components of pea. Treatments fertilized with 30kg P2O5/fed. and 200kg S/fed. under the combined inoculation produced the greatest values of  the all aforementioned parameters. Finally, the obtained results emphasized the effectiveness of the combined inoculation with Rhizobium and B. polymyxa in reducing the normal rate of P fertilization by about 15kg P2O5/fed. for pea. 
INTRODUCTION

Pea (Pisum sativun L.) is considered one of the most important legumenious vegetable crops grown during winter season in Egypt.


Pea seeds represent a chief source of proteins, carbohydrates, vitamins and minerals. In addition, pea residues have an essential role in soil fertility. Therefore, a great deal of attention has been given to increase productivity and improve quality of pea seeds. The symbiotic relation between higher plants and soil microorganisms represents one of the most striking biological phenomena. The use of symbiotic bacterium, i.e. Rhizobium produces enough nitrogen to support the building up of protein requirements of legumes (Bedrous et al., 1990) Daterao et al. (1994), Negm et al. (1998) and Massaud (2006) added that inoculation of pea and other legumes with Rhizabium enhanced nodulation, N-fixation, nitrogen content and final yield. 

Phosphate-dissolving bacteria (PDB) play an important role in releasing P from rock, tricalcium or other different P-forms through producing organic and inorganic acids, as well as CO2 (Curl and Truelove, 1985 and El-Sayed, 1999). These substances convert the insoluble forms of P into soluble one. PDB also affects other nutrients rather than phosphorus. In this concern, El-Sayed, (1999) on lentil, Nassar et al. (2000) on faba bean and Abdalla (2002) on faba bean, reported that seed inoculation with PDB increased number of nodules, soluble phosphorus, plant growth, protein and N and P content as well as total yield of plant.

In addition, phosphorus has an enhancing impact on plant growth and biological yield through its importance as energy storage and transferee necessary for metabolic processes (Srivastava et al., 1998 and Nassar and Ismail, 1999). It also raised the efficiency of plants to photosynthesis, enhances the activity of rhizobia and increases the number of branches and pod / plants, consequently produces a greater total yield of pea (Omar et al., 1990), lupine (Nassar and Ismail, 1999) and Faba bean (Abdalla, 2002).


Sulphur is required in a large quantity for leguminous plant species, probably because of their high protein content. Therefore S deficiency in legume crops not only affects yield formation. But also the quality and the nutritional value seeds (Sexton et al., 1998 and Schere et al., 2006), because methionine is usually the most limiting essential amino acid in legume seeds (Friedman, 1996). On the other hand, sulphur application led to a significant reduction in soil pH and consequently increased the available nutrients. El-Maghraby et al. (1993) explained that such decrease may be due to the in crease of the total counts of nitrogen fixating bacteria and CO2 evolution which may affect soil pH and SAR. Also, Awadalla et al. (2003) and Khalefa (2007) reported that important role of elemental sulphur in soil acidification is attributed to sulphur oxidation to sulphur.


The Current study was undertaken to evaluate the effect of inoculation with Rhizobium leguminosarum and /or Bacillus polymyxa under different levels of phosphorus and sulphur on yield components, seed yield, seed contents of protein, N and P of pea grown on a sandy soil.
MATERIAL AND METHODS

A field experiment was carried out in a sandy soil located at Ismailia Agric. Res. Station, during the growing season of 2007 to study the effect of phosphorus and sulphur applied at different levels on the productivity and the yield components of inoculated pea seeds.

Some physical and chemical properties of the studied soil are presented in Table (1).

Table (1): Some physical and chemical properties of the soil under investigation.
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Available (N) mg/kg soil

31.30

Available (P) mg/kg soil

7.65

91.60

Physical properties

Chemical properties

Available (K) mg/kg soil

 EC and soluble ions were determined in soil past extract.

Pea seeds (Pisum sativum L., C.V. Little Marvel) were sown on the 4th of October 2007. The plot area was 10.5 m2 in area (3 X 3.5m). Before sowing, seeds of pea were divided into four portions, the first one was sown without any bacterial inoculation (uninoculated) and the other three portions were inoculated with Rhizobium leguminosarum, Bacillus polymyxa as P-dissolving bacteria (PDB) and mixture of them using the coating method. Phosphorus fertilizer was applied at three levels (i.e. 0, 15 and 30kg P2O5/fed.) in the form of superphosphate (15.5 % P2O5) while elemental sulphur was applied at levels of 0 and 200kg S/feddan. Phosphorus and sulphur were added in one dose before sowing. Both nitrogen as ammonium sulphate (20.5% N) and potassium as potassium sulphate (48 % K2O) were uniformly applied at the rate of 30 and 50 kg/fed., respectively in two equal doses at 2 and 6 weeks from sowing. All the agriculture recommended practices were followed as usual including the irrigation processes.


The experiment was carried out in a split-split plot design with three replicates.

A) Yield and its components:   


At harvest (12 weeks after sowing), number of pods/plant, number of seeds/pod, 100 seeds weight (g) as seed index and seed yield (kg/fed.) were recorded. Plant samples (seeds and straw) were oven-dried at 70oC, ground and wet-digested using H​2SO​4 and H2O2. Total nitrogen was determined using the standard procedure of micro-kjeldahl as described by black (1965). Total phosphorus was determined according to Jackson (1973).

B) Nodulation and estimation of nitrogenase activity (N2-ase):


Number of nodules/plant and dry weight of nodules/plant (mg) were recoded at 45 days after sowing. The activity of N2-ase in pea root nodules was assayed by the acetylene reduction technique (Hardy et al., 1973) using the following equation:

N mole C2H4-1 dried nodules h-1 = 
                                                          Container volume X Reading X 1000000  

                        Injection vol. X incubation time (h) X D.Wt of nodules X 22.4

C) Available P and pH:

Soil samples were collected after harvest from all experimental plants. Available P was extracted by using 0.5M sodium bicarbonate and determined according to Jackson (1973). Soil pH was determined in 1:2.5 (soil : water) suspension using Beckman pH meter (Jackson, 1958).

All data obtained were subjected to statistical analysis according to Snedecor and Cochran (1980) and the treatments were compared by using L.S.D. at 0.05 level of probability.  

 RESULTS AND DISCUSSION

A)Soil pH and available phosphorus in soil:
Data in Table (2) showed that pH values were not significantly affected due to phosphorus application and/or bacterial inoculation. Otherwise, a pronounced decrease in pH values was occurred in the treatments received elemental sulphur (200 kg/fed.) compared to those treatments with no sulphur addition. This finding emphasizes the important role of elemental sulphur in soil acidification and that may be attributed to sulphur oxidation to sulphate (Awadalla et al., 2003; Anas et al., 2006 and Khalefa, 2007). 

Concerning the effect of applied phosphorus and sulphur on the available P (irrespective of bacterial inoculation), data in Table (2) indicated that the available P was significantly increased due to P application and progressed with increasing rate of P from 15 to 30 kg P2O5/feddan. Sulphur application was associated with pronounced increases in available P.  The combined application of S and P recorded higher values in respect to available P compared to the treatments received single application of phosphorus.

  Table (2): Effect of bacterial inoculation, phosphorus and sulphur  

                  applications on pH and available phosphorus (mg / kg soil).
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P

0

7.67

7.70 7.62 7.65 7.66 7.20

7.81

8.46 8.96 8.11

P

1

7.63

7.67 7.62 7.64 7.64 9.12

10.10

11.20 12.00 10.61

P

2

7.69

7.71 7.64 7.70 7.69 10.30

11.50

12.90 13.60 12.08

mean

7.66 7.69 7.63 7.66 8.87 9.80 10.85 11.52

P

0

 + S 7.46

7.48 7.43 7.50 7.47 7.95

8.59

9.62 10.00 9.04

P

1

 + S 7.42

7.40 7.39 7.44 7.41 9.90

11.10

12.40 12.90 11.58

P

2

 + S

7.49

7.45 7.41 7.44 7.45 11.20

12.30

13.80 14.40 12.93

mean

7.46 7.44 7.41 7.46 9.68 10.6611.94 12.43

A

B

A X B

L.S.D. at 0.05 level

0.18

N.S.

N.S.

0.81

0.68

1.28

Available P (mg / kg soil)

Bacterial inoculation (B)

Treatments

pH (1:2.5 soil :water Susp.)

 P0, P1 and P2 are 0, 15, 30 kg P2O5 / fed., respectively.
 S is 200 kg S/fed, respectively.      N.S. is not significant 
 R is Rhizobium leguminosarum      C is Bacillus polymyxa

The results are in agreement with those of Sequera and Ramirez (2003) and Sharma (2003) who found that the decrease in pH by adding sulphur enhances the increase in available P.
Taking bacterial inoculation in consideration, inoculation with Rhizobium and/or Bacillus polymyxa (PDB) enhanced significantly the available P in soil and that occurred under the different applied rates of both P and S. The combined inoculation with the two strains of bacteria gave the highest value of available P (irrespective of P and S application) and the relative increase was 29.3% over the uninoculated ones followed by Bacillus polymyxa (22.8%) then Rhizobium (9.9%). Nassar et al. (2000) reported that upon inoculation, organisms colonize the rhizosphere and increase the availability of phosphorus and other nutrients. Moreover, this enhancing effect on available P may be attributed to that PDE utilize organic compounds as carbon and energy source and produce organic acids, thereby salubilize insoluble inorganic phosphorus.

B) Nitrogen and phosphorus contents in pea plants:

With respect to N and P concentration in seeds and straw of pea, the values in Table (3) revealed that N and P concentration increased considerably upon application of phosphorus and increasing rate of P was accompanied by pronounced increase in N and P concentration in both plant components.

Table (3): Effect of bacterial inoculation, phosphorus and sulphur applications 
                 on N and P content (%) in pea plants.                                            
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P
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0.22 0.22 0.21
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A

B

A X B

Strow

Bacterial inoculation (B)

Nitrogen content (%)

0.14

0.27

0.02

0.02

N.S.

Treatments

Seeds

L.S.D. at 0.05 level

0.16

L.S.D. at 0.05 level

0.03 0.01

0.02 0.01

0.04 N.S.

              Phosphorus content (%)

  See footnotes Table 2 for treatment designations.
The relative increases of N concentration in both seeds and straw (irrespective of sulphur application) were 5.23 and 5.13 %, respectively with increasing P rate from 15 to 30 kg P2O5/feddan. The corresponding increases for P concentration were 7.32 and 11.8 %, respectively. El-Koumey et al. (1993) suggested that the positive effect of P application on N and P contents in different parts of faba bean plants can be attributed to increase of the nodule number, size and mass, which in turn increases N2-fixation by bacteria. Moreover, application of P increases its concentration in the vicinity of plant roots and its availability in the soil solution (Fonts and Welcox, 1983).


Sulphur application had a significant positive effect on N and P concentration in seeds and straw of pea and treatments received sulphur recorded higher values compared to those treatments with no sulphur addition and that occurred with the two phosphorus rates. Similar results were obtained by those of Kerlous et al. (1998) who reported that the addition of sulphur to cowpea plant resulted in increases in N and P uptake by cowpea plants at the different growth stages. Furthermore, Scherer et al. (2006) pointed out that N concentration in pea plants was positively influenced by the sulphur supply.


Regarding the effect of inoculation with Rhizobium or Bacillus polymyxa, results showed marked increases in N and P concentration in both seeds and straw. The increase was more prominent in combined inoculation treatments than in single inoculations. Also, data showed that conjunction of biofertilization and P- fertilizer increased significantly N and P concentration in both plant components, the increase being linked to the rate of fertilization. In this concern, the maximum N and P concentration was obtained at the rate of 30kg P2O5/fed. + 200kg S/fed. under the dual inoculation with the two strains of  bacteria. These findings are in agreement with those obtained by El-Sayed (1999) on lentil and Abdalla (2002) on faba bean.

C) Seed yield and yield components:  

Data in Table (4) showed that the addition of P-fertilizer significantly augments number of pods plant-1, number of seeds pod-1, weight of 100 seeds and seed yield. The higher the rate of P-fertilizer the more pronounced the effect was in increasing all parameters of pea yield and its components. The relative increase of number of pods plant-1, number of seeds pod-1, 100 seeds weight and seed yield (regardless of sulphur application) were 8.43, 6.74, 6.84 and 8.27%, respectively with increasing P rate from 15 to 30 kg P2O5/feddan. Nassar and Ismail (1999) reported that the enhancing effect of P application on lupine characteristics might be due to its positive effect on raising the efficiency of plants to photosynthesis metabolic and also enhancing the activity of rhizabia, consequently producing more sizable organs and increasing the branches and pods/plant. Similar results were obtained by Nassar et al. (2000) and Abdalla (2002) on faba bean. 
Concerning sulphur application, the treatment receiving sulphur surpassed S unamended treatments in respect to the aforementioned parameters (pea yield and its components), and the increase in the all parameters were obtained under the two rater of phosphorus application. These results are nearly similar to those obtained by Scherer et al.(2006) on pea and Khalefa (2007) on maize.   

Table (4): Effect of bacterial inoculation, phosphorus and sulphur  

                applications  on yield and yield components of pea.                                            
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Bacterial inoculation (B)
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0.70

0.90

1.50

0.31

0.22

N.S.

Seed yield (kg/fed.) 100 seeds weight (g)

L.S.D. at 0.05 level

L.S.D. at 0.05 level

22.00

19.00

37.00

1.10

0.80

N.S.

Treatments

  See footnotes Table 2 for treatment designations.                    


With regard to the bacterial inoculation, results showed that inoculation with Rhizobium and/or Bacillus polymyxa caused considerable increases in pea yield and its components over the uninoculated treatments. This occurred with the different applied rates of P and S. The combined inoculation gave the higher values in all parameters of pea yield compared to the single inoculations. In this concern, the highest values of number of pods plant-1 (19.5), number of seeds pod-1 (6.35), 100 seeds weigh (21.79) and seed yield (634 kg/fed.) were recorded at the rate of 30kg P2O5/fed. + 200kg S/fed. under the combined inoculation with the two strains of  bacteria. 
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		Treatments		Bacterial inoculation (B)

				pH (1:2.5 soil :water Susp.)										Available P (mg / kg soil)

		(A)		Un		R		C		R + C		Mean		Un		R		C		R + C		Mean

		P0		7.67		7.70		7.62		7.65		7.66		7.20		7.81		8.46		8.96		8.11

		P1		7.63		7.67		7.62		7.64		7.64		9.12		10.10		11.20		12.00		10.61

		P2		7.69		7.71		7.64		7.70		7.69		10.30		11.50		12.90		13.60		12.08

		mean		7.66		7.69		7.63		7.66				8.87		9.80		10.85		11.52

		P0 + S		7.46		7.48		7.43		7.50		7.47		7.95		8.59		9.62		10.00		9.04

		P1 + S		7.42		7.40		7.39		7.44		7.41		9.90		11.10		12.40		12.90		11.58

		P2 + S		7.49		7.45		7.41		7.44		7.45		11.20		12.30		13.80		14.40		12.93

		mean		7.46		7.44		7.41		7.46				9.68		10.66		11.94		12.43

		L.S.D. at 0.05 level

		A		0.18										0.81

		B		N.S.										0.68

		A X B		N.S.										1.28

						Means of microbial activators

		P0				5.06		5.02		5.05		5.04		5.04

		P1				5.02		5.00		5.03		5.02		5.02

		P2				5.05		5.02		5.05		5.04		5.04

						100 - grain weight

		S0		P0		33.51		30.36		35.23		36.49		33.90

				P1		33.72		32.60		34.74		38.08		34.79

				P2		32.48		33.00		34.79		37.55		34.46

				mean		33.24		31.99		34.92		37.37		34.38

		S1		P0		43.07		33.60		38.00		37.99		38.17				A          : 1.16

				P1		43.39		35.18		36.11		38.36		38.26				S          : 1.36

				P2		38.39		36.64		36.27		39.24		37.64				P          : 0.93

				mean		41.62		35.14		36.79		38.53		38.02				AxS      :n.s.

		S2		P0		34.32		37.58		37.69		39.36		37.24				AxP      :n.s.

				P1		36.97		36.93		38.20		40.45		38.14				S x P     :n.s.

				P2		38.36		40.91		39.20		39.46		39.48				AxSxP  : n.s.

				mean		36.55		38.47		38.36		39.76		38.29

		General mean				37.13		35.20		36.69		38.55		36.90

						Means of microbial activators

		P0				36.97		33.85		36.97		37.95		36.43

		P1				38.03		34.90		36.35		38.96		37.06

		P2				36.41		36.85		36.75		38.75		37.19
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		Treatments				Bacterial inoculation (B)

						Seeds										Strow

		(A)				Un		R		C		R + C		Mean		Un		R		C		R + C		Mean

		P0		Nitrogen content (%)		2.61		2.96		2.81		3.08		2.87		0.29		0.34		0.31		0.37		0.33

		P1				2.92		3.35		3.19		3.25		3.18		0.35		0.40		0.37		0.42		0.39

		P2				3.15		3.50		3.37		3.42		3.36		0.38		0.42		0.41		0.44		0.41

		mean				2.89		3.27		3.12		3.25				0.34		0.39		0.36		0.41

		P0 + S				2.74		3.17		3.00		3.23		3.04		0.30		0.35		0.33		0.39		0.34

		P1 + S				3.15		3.55		3.36		3.75		3.45		0.37		0.43		0.40		0.45		0.41

		P2 + S				3.33		3.67		3.58		3.82		3.60		0.41		0.46		0.42		0.47		0.44

		mean				3.07		3.46		3.31		3.60				0.36		0.41		0.38		0.44

						L.S.D. at 0.05 level

		A				0.16										0.02

		B				0.14										0.02

		A X B				0.27										N.S.

		P0		Phosphorus content (%)		0.33		0.35		0.37		0.38		0.36		0.12		0.12		0.14		0.15		0.13

		P1				0.38		0.40		0.41		0.43		0.41		0.15		0.16		0.18		0.20		0.17

		P2				0.4		0.42		0.45		0.47		0.44		0.16		0.18		0.19		0.21		0.19

		mean				0.37		0.39		0.41		0.43				0.14		0.15		0.17		0.19

		P0 + S				0.35		0.37		0.39		0.40		0.38		0.13		0.14		0.16		0.17		0.15

		P1 + S				0.4		0.41		0.44		0.46		0.43		0.17		0.16		0.19		0.21		0.18

		P2 + S				0.43		0.45		0.48		0.50		0.47		0.19		0.20		0.22		0.22		0.21

		mean				0.39		0.41		0.44		0.45				0.16		0.17		0.19		0.20

						L.S.D. at 0.05 level

		A				0.03										0.01

		B				0.02										0.01

		A X B				0.04										N.S.
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		Treatments		Bacterial inoculation (B)

				No. of pods/plant										No. of seeds/pod

		(A)		Un.		R		C		R + C		Mean		Un.		R		C		R + C		Mean

		P0		12.10		14.90		13.70		15.60		14.08		4.32		4.80		4.71		4.96		4.70

		P1		15.50		17.00		16.20		17.60		16.58		5.05		5.43		5.28		5.60		5.34

		P2		17.20		18.30		17.80		18.80		18.03		5.40		5.72		5.62		6.00		5.69

		mean		14.93		16.73		15.90		17.33				4.92		5.32		5.20		5.52

		P0 + S		12.60		15.50		14.00		16.40		14.63		4.56		4.95		4.78		5.21		4.88

		P1 + S		16.00		17.20		16.60		18.40		17.05		5.40		5.66		5.50		5.82		5.60

		P2 + S		18.10		19.00		18.60		19.50		18.80		5.78		6.10		6.00		6.35		6.06

		mean		15.57		17.23		16.40		18.10				5.25		5.57		5.43		5.79

				L.S.D. at 0.05 level

		A		0.70										0.31

		B		0.90										0.22

		A X B		1.50										N.S.

				Seed yield (kg/fed.)										100 seeds weight (g)

		P0		405		468		443		491		452		15.80		17.80		17.00		18.40		17.25

		P1		500		543		518		569		533		18.00		19.20		18.70		19.90		18.95

		P2		547		582		568		607		576		19.40		20.70		20.10		21.00		20.30

		mean		484		531		510		556				17.73		19.23		18.60		19.77

		P0 + S		430		490		465		518		476		16.70		18.40		17.80		18.90		17.95

		P1 + S		522		564		541		591		555		18.40		19.50		19.00		20.30		19.30

		P2 + S		578		608		593		634		603		20.20		21.30		21.00		21.70		21.05

		mean		510		554		533		581				18.43		19.73		19.27		20.30

				L.S.D. at 0.05 level

		A		22.00										1.10

		B		19.00										0.80

		A X B		37.00										N.S.
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		Chemical properties				Value		Physical properties				Value

		pH (1:2.50) susp.				7.71		Particle size distribution:-

								Clay %				5.92

		EC (dSm-1)				0.61		Silt %				9.68

								F.sand %				40.30

		Soluble anions me/L :-						C.sand %				44.10

		CO32-				Nil		Textural class				Sandy

		HCO3-				2.04		CaCO3 %				1.18

		Cl-				1.69		Bulk density (gcm-3)				1.35

		SO42-				2.49

		Soluble cations me/L :-

		Ca2+				1.73

		Mg2+				1.56

		Na+				2.29

		K+				0.64

		Organic mater (%)				0.92

		Available nutrients:

		Available (N) mg/kg soil				31.30

		Available (P) mg/kg soil				7.65

		Available (K) mg/kg soil				91.60






