
Journal of Applied Sciences Research, 5(9): 1117-1131, 2009

© 2009, INSInet Publication

Corresponding Author: El-Tantawy, M.E., Plant Production Dept. (Vegetables), Faculty of Environmental Agricultural
Sciences, Suez Canal University, Egypt.
E-mail: sayedtmn@yahoo.com 

1117

Effect of Inoculation with Phosphate Solubilizing Bacteria on the Tomato Rhizosphere
Colonization Process, Plant Growth and Yield under Organic and Inorganic Fertilization

El-Tantawy,  M.E. and Mohamed, M.A.N.1 2

Plant Production Department (Vegetables), Faculty of Environmental Agricultural Sciences,1

Suez Canal University, Egypt.

Soil and Water Department, Faculty of Environmental Agricultural Sciences, Suez Canal University,2

Egypt.

Abstract: The present study aims to evaluate to which extent a phosphate solubilizing bacteria,

Pseudomonas sp. has the ability to colonize the rhizosphere of tomato plants fertilized with different

sources of organic and inorganic manures. Another principal object of this study is that the determination

of the effect of different types of fertilizers, i.e. mineral NPK fertilizers in the presence of organic manure

sources (chicken manure, ChM and pressed olive cake, POC) and inoculation with a phosphate solubilizing

bacterial strain on the growth and yield of tomato plants. Seven colonies represent the same morphology

as the wild Pseudomonas sp strain were isolated and subjected to the stability test. Only five clones were

stables. The growth curve of clone2 (C2) from the five clones was identical as that of its wild strain. This

clone was used for the colonization study. The enumerations of stable mutant clone were 1-2 log less than

the total. The rhizosphere of plants treated with ChM or ChM+POC at 50% of NPK level showed a

forced attractive values for the inoculated clone since its count represents 7.69 and 7.05% of the total

bacterial count, respectively. On the contrary, the colonization process was not obvious for plants treated

with either the total NPK level or the POC manure. A field experiment was carried out during winter

seasons of 2005/2006 and 2006/2007 at The Experimental Farm of Environ. Agric. Sci. Fac. El-Arish,

North Sinai. The best combination treatments for enhancing the dry weight parameters was the application

of  50 % or 100% NPK + ChM without phosphate solubilizing bacteria, PSB, and 50% or 100 % NPK

+ ChM + POC+ PSB. The application of 50 % NPK + ChM + PSB enhanced the total yield  fed . The-1

inoculation with Pseudomonas sp. and manuring with the different organic sources had a positive

significant effect on tomato leaves phosphorous content. 
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INTRODUCTION

Tomato (Lycopersicon esculentum Mill) is one of

the important vegetable crop which  contain some

important minerals ,vitamins.Tomatoes are now eaten

freely throughout the world, and their consumption is

believed to benefit the heart among other things.

Lycopene, one of nature's most powerful antioxidants,

is present in tomatoes, and, especially when tomatoes

are cooked, has been found beneficial in preventing

prostate cancer. Proper plant growth and its fruits are

necessary. This can be achieved to a great extent by

the use of optimum levels of fertilizers. The essential

elements especially the major nutrients (NPK) are

considered the most important among nutrients and

factors limiting growth and yield of plant, since plant

growth are negatively affected by their deficiency.

Efficient and economic use of nutrients would help in

decreasing the inputs costs application  and the risk[42 , 59]

due to the application of high amount of fertilizers. 

Phosphorus is one of the major plant nutrients, second

only to nitrogen in requirement. However, a greater

part of soil phosphorus, approximately 95–99% is

present in the form of insoluble phosphates and hence

cannot be utilized by the plants . To increase the[57]

availability of phosphorus for plants, large amounts of

fertilizer are used on a regular basis. But after

application, a large proportion of fertilizer phosphorus

is quickly transferred to the insoluble form, .[44 , 36]

Therefore, very little percentage of the applied

phosphorus is used, making continuous application

necessary . It has been reported that many soil fungi[1]

and bacteria can solubilize inorganic phosphates .[7 , 48]

Phosphate solubilizing microorganisms play an

important role in supplementing phosphorus to the

plants, allowing a sustainable use of phosphate
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fertilizers . Application of PSMs in the field has been[21 ]

reported to increase crop yield . The phosphorus[55 , 25]

solubilizing microorganisms render more phosphates

into solution than the required for the growth and

metabolism, the surplus could be absorbed by plants[14 ,

51]. 

It is known that, sandy soils have many of

problems and we can overcome these problems via

application of organic manures which have many

advantages; viz., improve soil physical properties and

the availability of nutrients . Organic wastes such as[42 ,18]

agro-industrial products are becoming more effective on

environmental problem. So, application of industrial

non-hazardous wastes such as pressed olive cake to

soils is important to increase soil organic matter and

would cover a part of shortage in organic manure

products which estimated by 82 million tons per year

in Egypt . [43]

In this context, the present study aims to evaluate

which extent a phosphate solubilizing bacteria strain

has the ability to colonize the rhizosphere of tomato

plants fertilized with different sources of organic and

inorganic fertilizers and to determine the effect of

different types of fertilizers, i.e. mineral NPK fertilizers

in the presence of organic manure sources (chicken

manure and pressed olive cake) and inoculation with a

phosphate solubilizing bacterial strain on the growth

and yield of tomato plants.

MATERIALS AND METHODS

The phosphate solubilizing strain was a

Pseudomonas sp. as identified by Abd EL-Azim . In[2 ]

order to test the ability of the Pseudomonas sp. strain

to colonize the rhizosphere of tomato plants, a

spontaneous mutant clone of rifampicin was obtained

by the following procedure : The strain was purified[33]

by plating at 1/10 TSA. Approximately 10 -108 9

CFU/plate of the strain was plated on 1/10 TSA

supplemented with 100 mg l  rifampicin and incubated-1

at 25°C for 5 days. Three dishes were plated, one of

them was plated on 1/10 TSA without rifampicin in

order to compare the growth of mutants with the wild

one. Five clones represented the same morphology of

the wild strain colony were isolated, inoculated into

1/10 TSB supplemented with 100 mg l  rifampicin and-1

incubated at 25°C for 5 days. 

Stability of M utant Clones: In order to test the

stability of each clone, five successive cultures in 1/10

TSB without rifampicin were made in sterilized

microplate with 95 wells. At the 5  culture, serialth

dilutions were plated on 1/10 TSA with or without

rifampicin and incubated at 25°C for 5 days. The

counts of CFU were recorded for each clone cultivated

with or without rifampicin. Variance analysis for the

recorded numbers of each clone were performed using

StatView Version 5 (SAS Institute Inc., USA) with the

Fisher’s PLSD test at the probability level of 5%.

Growth Curves Similarity Between Mutants and

Wild Strains: Growth curves for the wild type strain

and their stable mutant clones were compared by

inoculating each of them in a sterilized 95 well

microplate, each well contains 150 µl 1/10 TSB. This

was achieved by adjusting the OD at 590nm by a

Microplate reader, Model Stat Fax-2100, Awareness

Technology Inc. USA. Each culture was repeated three

times. Optical densities were measured 0, 6, 12, 24, 36,

48, 60, 72 and 84 hours after inoculation. Growth

curves were achieved between the obtained OD and the

time of measurement.

Competition in Soil with the Indigenous Bacteria:

Selected mutant clone was tested for its competition

with indigenous rhizobacteria in tomato rhizosphere. A

suspension of the mutant clone 10  ml  was used for6 -1

inoculating tomato grains. Pre germinated grains were

cultivated in sandy soil treated with the organic and

inorganic treatments described above and inoculated as

shown in . Fourteen days after planting, roots were[34]

lifted out of soils and root system was then transferred

to a bottle containing 10 ml sterilized distilled water.

The samples were shaken for 10 min and serial

dilution were plated on 1/10 TSA supplemented with

100 mg rifampicin. CFUs of the mutant clone and total

bacteria were counted five days after incubation at

25°C.

A field experiment was carried out during winter

seasons of 2005/2006 and 2006/2007. The main object

of this research was to study the effect of different

types of fertilizers, i.e. mineral NPK fertilizers in the

presence of organic manure sources (chicken manure

and pressed olive cake) and inoculation with a

phosphate solubilizing bacterial strain on the growth

and yield of tomato plants. Plants were grown in the

end of the winter season under low plastic tunnels

using drip-irrigation system. The soil studied was a

sandy (sand 95.72%, silt 2.46% and clay 1.31%;

organic matter 0.05%; pH 7.9 and EC of 0.695 dSm )-1

recovered from 0-15 cm layer at The Experimental

Farm of The Faculty of Environmental Agricultural

Sciences, El-Arish, Suez Canal University, North Sinai

Governorate, Egypt. EC and pH of irrigation water

are7.54 dSm  and 7.5, respectively. The chemical-1

characteristics of the different manures were reported

in Table 1.

This experiment included 12 treatments which

wewr the combination among two rates  of NPK doses

(50% and 100% of recommended dose), three organic

manure sources (chicken manure "ChM"  at a rate of
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Table 1: The chemical characteristics of composted manure sources

Chemical Properties First season2005 / 2006 second season 2006 / 2007

1. Chicken m anure (ChM )

Total N ( %) 1.4 1.8

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total P (%)   0.9 0.8

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total K (% ) 1.04 1.02

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Organic mater( %) 40.08 46.72

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Organic carbon ( %) 23.25 27.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C/N  (%)            16.61 15.05

2. Pressed olive cake ( POC)  

Total N (%) 1.12 1.11

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total P (%) 0.18 0.2

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total K (% )  1.2 1.1

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Organic matter (%) 57.12 54.03

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Organic carbon (%) 33.13 31.43

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C/N  (%)          29.58 28.23

3. Composted ChM  + POC

Total N (%) 1.25 1.28

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total P (%) 0.65 0.68

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total K (%) 1.12 1.14

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Organic matter ( %) 61.96 63.51

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Organic carbon ( %) 35.94 36.84

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

C/N  (%)        28.75 28.78

20m /fed., pressed olive cake "POC" at a rate of 30m3 3

/fed., and ChM + POC at a rate of 10m  +15m /fed.for3 3

ChM and POC), respectively. Plants in each of these

treatment were inoculated or not with a phosphate

solubilizing bacterial strain. These treatments were

randomly arranged in a split split plot design with three

replications. The NPK fertilizer levels were randomly

arranged in the main plots, organic manure fertilizers

were randomly arranged in the sub plots, and PSB

treatments were randomly allowed for sub-sub plots.

Organic manure and POC were put in the mid of row,

then covered and mixed with soil.

The source of ChM was from Poultry Farm at

North Sinai, while the source of POC was from the

Olive Oil Extractor of The Faculty of Environmental

Agricultural Sciences, El-Arish, Suez Canal University.

Both organic manures; viz., ChM and POC were

composted for three months before applying. During

composting period manures were moistered by water

and were homogenized mixing was carried out every

two weeks.

The N and K fertilizers were applied as

ammonium sulphate and the extraction of potassium

sulphate through drip irrigation water twice weekly up

to two weeks before the end of harvest. The levels of

NPK fertilizers used were:

2 5a. 50% of recommended NPK (62 kg N, 43. kg P O

2and 72 kg k O /fed.).

2 5b. 100% of recommended NPK (124kg N, 86kg P O

2and 144 kg k O /fed.). 

The roots of tomato seedlings were dipped in a

cellular suspension of the strain  containing

approximately 10 -10  CFU/ml Tryptone soybean broth8 9

for 5 minutes before transplanting. 

Vegetative and Yield Data Recorded: Samples of

three plants were randomly taken at 60 days from

transplanting from each sub-sub plot .  All plant parts

were dried at 70 C till constant weight, then dry0

weight of root, leaves, stem and total dry weight of

plant were calculated.          

Total Phosphorus Contents: was determined in dry

matter of leaves at 60 days after transplanting in the

first season only as the method described in by Piper[40]
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Yield and its Components:  Fruit yield was divided

into two grades as well as grade A ( fruit weight more

than 60 g) and grade B (fruit weight less than 60 g )

and the total yield per plant (g) and per fed.(ton) were

measured.

Statistical Analysis: Statistical analysis of the obtained

data was carried out according to statistical analysis of

variance according to Snedecor and Cochran .[49]

Duncan’s multiple range tests was used for

comparison among means .[15]

RESULTS AND DISCUSSION

Obtaining the M utant Clone: Seven colonies

represent the same morphology as the wild

Pseudomonas sp strain colony were isolated and

subjected to the stability test. Only five clones were

stables. The counts of these clones were not

significantly different in the TSA medium with or

without rifampicin since their probability values were

0.8708, 0.7927, 0.7676, 0.8123 and 0.6840 respectively.

Only the growth curve of clone2 (C2) from the five

clones grown in the liquid TSB medium was identical

as that of its wild strain, Fig. 1. This clone was used

for further study of rhizosphere colonization. 

The Ability of Pseudomonas sp. Mutant Clone to

Colonize the Rhizosphere of Tomato Plants: The

stable clone2 was evaluated in competition with the

soil indigenous bacteria under the different organic and

inorganic treatments, Table 2. The total bacterial count

ranged between 1.3x10 - 5.2x10  cfu g  dry6 7 -1

rhizospheric soils. The enumerations of mutant clone

were 1-2 log less than the total counts since its counts

ranged between 10 -6.6x10  cfu g  dry rhizospheric5 6 -1

soil. The rhizosphere of plants treated with ChM or

ChM+POC at 50% of NPK level showed a forced

attractive values for the inoculated clone since its count

represents 7.69 and 7.05% of the total bacterial count,

respectively, Table 2. On the contrary, the colonization

process was not obvious for plants treated with either

the total NPK level or the POC manure. This might be

due to the fact that increasing the soil available P

caused a decrease in the bacterial activity of P

solubilization. Moreover, manuring by POC as a sole

source of organic matter caused a partial inhibition of

the colonization process. This may be attributed to the

phenol content in POC. Mohamed et al.  found that[35]

the addition of p-hydroxybenzoic acid significantly

decreases the counts of bacterial CFU recovered from

either bulk soil or rhizosphere soil. The spontaneous

strain was not detected in the rhizosphere of all non-

treated plants indicating that this strain was not

indigenous in the tested soil and increases the

validation value of our test of colonization. This test of

colonization was used before, .  One reference[33 , 34]

clone marked for their resistant to rifampicin used to

test the competition of the Pseudomonas sp. strain with

soil indigenous bacteria. Resistant to rifampicin was

used because the chromosomal nature of the mutation

affords greater stability than occurs with plasmid-borne

markers and is also advantageous since the mutation is

not transferable . This technique is simple, rapid,[12]

sensitive, inexpensive and has been used successfully

with samples from various environments .[28 , 33]

Dry Weight:

Effect of NPK Levels: Data in Table (3) show that

dry weight of different  tomato plant organs; viz. ,

roots, stem, and total dry weight were not significantly

affected by NPK levels in both seasons whereas, dry

weight of leaves was significantly increased with

application of 100% NPK level in both seasons. These

results may be due to the effect of high concentration

of water salinity used for irrigation water (7.54 dSm )-1

and soil properties (sandy soil, high pH ) which cause

poor utilization for nutrients by plants and addition of

fertilizers in many portions increased use efficiency of

of low level(50% NPK).These results are in agreement

with those reported by EL-Beheidi et al. . Solaiman[16]

and Rahbbani  found that application of full dose of[50]

NPK (recommended dose) increased the dry matter of

tomato shoots.

Effect of Organic M anure Sources: Data in Table 3

show significant effects for organic manure sources on

dry weight of tomato plant. Application of ChM and

ChM + POC increased the dry weight of tomato roots,

leaves, stems, and total dry weight in both seasons.

This effect of plant growth traits as a result of

application of  organic manures in ChM and ChM +

POC forms may be due to their high contents of N

(Table 1) and their effects on soil properties, which

maintaining soil pH near to nature beside keeping

lower levels of bulk density and increasing acidity due

2to formation of CO  and other organic acids  as well[18]

as the number of microorganisms and nutrient

contents . Application of POC separately inhibited[60]

plant growth, this result was agreeable with those

reported by Tesi et al.  who reported that the[53]

application of composted olive pressed cake gave poor

plant growth of Tagetes patula nana owing to phenolic

phytotoxicity rather than lacked of nutrition. Phenolic

compounds were found to be major germination

inhibitors of some plants; (e. g., p-hydroxybenzoic acid

inhibited germination and seedling growth of lettuce

seeds) . [11]
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Fig. 1: Growth curves of the fifth stable mutants in compared with its correspondent wild one.

Table 2: Effect of organic, inorganic manuring on the colonization of tomato plants rhizosphere by Pseudomonas sp. as a phosphate

solubilizing bacterial strain

NPK  X organic manurre X PSB M utant count cfu g Total count cfu g  Percentages of-1 -1

dry rhizospheric  soil dry rhizospheric  soil mutant/total count %

50% ChM without ND ND ND

-------------------------------------------------------------------------------------------------------------------------------------------------------

with 10 1.3x10 7.69 5 6

-------------------------------------------------------------------------------------------------------------------------------------------------------

POC without ND ND ND

-------------------------------------------------------------------------------------------------------------------------------------------------------

with 1.8x10 4.1x10 0.45 7

-------------------------------------------------------------------------------------------------------------------------------------------------------

ChM +POC without ND ND ND

-------------------------------------------------------------------------------------------------------------------------------------------------------

with 2.4x10 3.4x10 7.056 7

100% ChM without ND ND ND

-------------------------------------------------------------------------------------------------------------------------------------------------------

with  2.6x10 6.4x10 4.065 6

-------------------------------------------------------------------------------------------------------------------------------------------------------

POC without ND ND ND

-------------------------------------------------------------------------------------------------------------------------------------------------------

with 6.6x10 5.2x10 1.276 7

-------------------------------------------------------------------------------------------------------------------------------------------------------

ChM +POC without ND ND ND

-------------------------------------------------------------------------------------------------------------------------------------------------------

with 1.7x10 7.6x10 2.235 6

ND not detected

Effect of Inoculation by Phosphate Solubilizing

Bacteria: Data in Table 3 show significant effects due

to application of PSB on plant dry weight compared to

non-inoculated plants in both seasons. The obtained

results are coinciding with those reported by Shehata et

al.; Abou El-Yazeid et al.; Turan et al. and Vega[46 , 3 ,

. The simulative effect of PSB on growth and56, 58]

consequently on dry weight may be due to the activity

of P solubilization caused by the used strain[27 ,  32 , 56]

and increase further mineral availability uptake  and

plant growth . Inoculation with phosphate solubilizing[22]

bacteria with spraying with Fe led to an enhancement

of the internal level of growth promoter including GA,

IAA, and cytokinines combined with decreasing ABA

inhibitor . Moreover, there were a positive and[3]

significant microbial activity in soil rhizosphere

expressed as activity of hydrogenase, phosphates and

nitrogenase enzymes.

Effect of Interaction Between NPK Levels and

Organic Manure Sources: Data in Table 3 show that

application of ChM or ChM+ POC with the two levels

of NPK increased dry weight of tomato plants. These

results may be due to the effect of organic manures on

soil properties which increased soil acidity and fertility

that in turn enhanced nutrients utilization. The obtained

results are in agreement with other works, . In this[13 , 38]

connection, it was found that application of 50% of

recommended dose of NPK +50% FYM resulted in the

greatest plant height and number of primary branches

/plant .[39]
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Table 3: Effect of NPK levels ; organic manure sources; PSB; interaction between NPK levels with organic m anure  sources; NPK  Levels

with PSB ,and organic manure sources x PSB on dry weight of tomato plant   

Treatments Dry weight(g)

-------------------------------------------------------------------------------------------------------------------------------------------------------

Root Leaves Stem Total D.W. Root Leaves Stem Total D.W.

/plant /plant

NPK levels Season of 2005/2006 Seasonof2006/2007

50% 8.19a 29.26b 11.96a 49.42a 6.87a 29.75b 11.63a 48.91a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

100% 9.41a 34.26a 10.88a 54.82a 8.46a 34.35a 10.61a 52.76a

Organic manure sources

ChM 12.75a 38.53a 13.53a 64.82a 10.03a 37.49a 12.60a 47.13ab

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

POC 4.41b 24.77b 8.52b 38.10b 3.53b 22.02b 8.12b 33.68b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ChM +POC 9.24a 31.99ab 12.20a 60.23a 9.19a 36.66ab 12.65a 57.72a

PSB

without 7.42b 27.86b 10.53a 46.09b 6.34b 26.20b 10.69a 44.94b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 10.18a 35.70a 12.31a 58.15a 9.01a 37.91a 11.56a 56.74a

NPK levels x Organic manure sources

50% ChM 12.25a 38.98a 16.51a 67.75a 8.13ab 36.75a 14.23a 61.06a

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

POC 3.18b 15.18c 5.03b 23.40c 2.93c 14.63c 4.78b 22.35c

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

ChM +POC 9.15ab 33.65ab 14.33ab 57.13b 9.55a 37.90a 15.90a 63.35a

100% ChM 13.26a 38.08a 10.55ab 61.89ab 3.98bc 38.23a 10.98ab 61.20a

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

POC 5.65ab 34.36ab 12.01ab 52.80bc 4.13bc 29.41b 11.46ab 45.01b

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

ChM +POC 9.35ab 30.35b 10.08ab 49.78c 8.83ab 35.43a 9.40ab 52.10ab

NPK Levels x  PSB

50% without 7.31b 25.24c 12.55a 45.10c 6.20b 26.69b 12.73a 46.93b

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 9.07ab 33.30ab 11.36a 53.47ab 7.54ab 29.48b 10.54a 48.91b

100% without 7.54b 30.48bc 8.51a 47.08bc 6.48b 25.70b 8.65a 42.95b

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 11.29a 38.04a 13.25a 62.56a 10.47a 43.02a 12.57a 62.58

Organic manure sources x PSB   

ChM without 12.43a 35.86ab 16.35a 64.60a 8.89ab 31.58b 14.95a 56.88b

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 13.08a 41.19a 10.71b 64.99a 11.71a 43.40a 10.26ab 65.38a

POC without 2.76b 19.23c 4.56c 27.38c 2.80c 16.11c 4.65b 23.56d

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 6.06ab 30.31b 12.48ab 48.81b 4.26bc 27.93b 11.60ab 43.80c

ChM + without 7.08ab 28.50b 10.68b 46.26b 7.33b 30.90b 12.48ab 54.38b

POC ------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 11.41a 35.50ab 13.73ab 60.65a 11.05a 42.43a 12.81a 61.15ab

Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance, according to Duncan’s multiple range

test.

Effect of Interaction Between NPK Levels and PSB:

The obtained data in Table 3 revealed that the

application of 100% NPK + PSB was the superior

interaction treatment for increasing dry weight of

different tomato plant organs in both seasons followed

by application of 50% NPK with PSB. The previous

results may be owe to the nature and vital role of NPK

nutrients in plant and promoting role encountered for

bio-fertilizer could be show every manifested of

producing growth stimulating substances which can

reflected on the nutrient availability and consequently

on plant growth. These results indicated that PSB is

important for sandy soil .[8 , 20]

Effect of Interaction Between Organic M anure

Sources and PSB: Our results illustrated in Table 3

indicate that the application of ChM with or without

PSB and ChM+ POC with PSB were the best

treatments for enhaning dry weight of tomato plants.

These results may be due to the role of organic manure

in icreasing nutrients a nd  the  a c t iv i ty  o f

microorganisms and increasing soil acidity and organic

acids  and the importance of PSB for increasing plant[1 8 ]

growth and hence plant dry ewight . Adding PSB[56 , 58]

to compost improved soil physical and biological

properties as well as the supplying power of available

nutrition in soil .[6]
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Effect of Interaction among NPK Levels, Organic

Manure Sources and Psb on Vegetative Growth of

Tomato Plants: Generally, it could be concluded that

application of ChM either without inoculation of PSB

and ChM+POC with inoculation of PSB interacted by

100% or 50 % NPK, respectively were the best

treatments for increasing dry weight of different organs

of tomato plants (Table 4).

Leaves Phosphorus Content (%):  

Effect of NPK Levels: Data showed in Fig. (2)

revealed that application of full dose of NPK slightly

increased the content of P in tomato leaves.  This

increase may be due to the high absorption of P by

roots than application of half dose of NPK. These

results may be owe to the nature roles of NPK

elements for plant and the importance of organic

manures, viz. ChM and PSB on physical and chemical

properties of sandy soils, the activity on soil

microorganisms and the availability of nutrients  which

can enhance  plant growth and consequently total dry

weight of plant . [13 , 9]

Effect of Organic M anure Sources: There were no

significant differences among the organic manures used

in this study (Fig. 3). These results may be attributed

to the roles of organic manures in soil properties which

production humus substances wherein improved the

physical and chemical soil properties leading to

increasing nutrients release availability , i.e. P[24]

uptake . Moreover incorporation of composts in soils[54]

2can further increase P availability by increasing CO

2 3forming H CO  in the soil solution . In the same[1 0 ]

connection,  found that solution P, labile P and[47]

inorganic P fractions were increased due to application

of organic amendments such as cow dung and poultry

manures.

Effect of PSB: P content in tomato leaves increase

with the application of PSB (Fig. 4). This may be owe

to the activity of PSB especially in calcareous soils and

the increase of phosphorus availability and other

nutrients .[27 , 22, 3 , 56, 58, 4]

Effect of Interaction Between NPK Levels and

Organic Manure Sources: The results shown in Fig.

(5) indicated that the application of full dose of NPK

with application of ChM was the superior treatment

which recorded the highest value of P content in

tomato leaves. These results may be attributed to the

high dose of P applied and approximately increase of

P in ChM compared to the other composted manures

used and the significant activation of P status caused

by the addition of organic manures such as ChM to

inorganic fertilizers which can rise the beneficial of

NPK under calcareous soil . In addition, this effect[31 , 26

might be attributed to the formation of Phosphohumic

complexes which are more easily available, (2) anion

replacement of the phosphate by humate ions.

Effect of Interaction Between NPK Levels and PSB:

Application of 100% NPK plus inoculation with PSB

was the best treatment which recorded the highest

values of P content (Fig. 6). These results may be owe

to the high amount of inorganic P application plus the

additive effect of PSB application which increase the

availability of P and consequently the high content of

phosphorus. On the other hand,it was shown that there

were  no significant differences between using NPK at

a rate of 50 or 75% of the recommended dose plus

biofertilizer on p contents of tomato plant compared to

using 100% of the recommended dose (120 Kg N, 45

2 5 2Kg P O  and 16 Kg K O/fed ) . [23 , 38]

Effect of Interaction Between Organic Manure

Sources and PSB: It is clear from Fig. (7) that

application of organic manure as ChM with inoculation

of PSB increased the phosphorus concentration in

tomato leaves. This trend was obtained in general with

application of organic manure used plus the inoculation

with PSB. This promoting action due to adding

composted organic manures with bio-fertilizers could be

explained as basis of bio-compost which should

introduce some activation on solubilizing soil inorganic

P . Moreover, activation the enhancing role of[30]

compost and the action of compost and bio-compost

can be referred to solubilizing organic P . In this[54]

concern, the application of rice straw composted plus

PSB significantly increased P uptake by barely under

calcareous soil .[4]

Effect of Interaction among Npk Levels, Organic

Manure Sources and PSB: The combination among

full dose (100% NPK) +ChM + inculcation with PSB

was the superior treatment which recorded the first

rank of P content in tomato leaves (Fig. 8) followed by

application of half dose (50% NPK) + ChM+PSB and

100% NPK + ChM+POC + PSB. Moreover, it could

be noticed that the treatment which have the

combination between + PSB overcame the combination

which did not have PSB. This might be explain the

synergistic effect between composted organic manures

and micro-organisms (PSB) for enhancing the

availability of phosphorus for plant.

Total Yield:

Effect of NPK: It is clear from the data presented in

Table 5 that application of 50% NPK treatment was the

superior than 100% NPK for increasing the total yield.

These  results  owe  to  the increase in all total yield
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Table 4: Effect of interaction among NPK levels ,organic manure sources and  PSB on dry weight of tomato plant

Treatments Dry weight(g)

-------------------------------------------------------------------------------------------------------------------------------------------

Root Leaves Stem Total D.W. Root Leaves Stem Total D.W.

/plant /plant

NPK levels x Organic Season of 2005/2006 Seasonof2006/2007

manure x  PSB sources 

50% ChM without 12.23ab 3733ab 20.76a 70.33a 7.63bc 36.43bc 17.56ab 65.53ab

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 12.26ab 40.63a 12.26b-d 65.16a 8.63b 37.06b 10.90a-d 56.60cde

POC without 1.70e 7.63f 1.60f 10.93e 2.03e 7.70f 1.50 e 11.23i

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 4.66c-e 22.73de 8.46c-e 35.86c 3.83de 21.56ef 8.06c-e 33.46h

ChM + without 8.00a-d 30.76c 15.30b 54.06bc 8.93b 35.96b 19.13a 64.03abc

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

POC with 10.30a-c 36.53b 13.36bc 60.20b 10.16ab 39.83b 12.66a-d 62.66bcd

100% ChM without 12.63a 34.40bc 11.93b-d 58.96b 10.16ab 26.73d 12.33a-d 48.23ef

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 13.90a 41.76a 9.16c-e 64.83b 14.80a 49.73a 9.63b-d 74.16a

POC without 3.83de 30.83c 7.53de 43.83c 3.56de 24.53d-f 7.80c-e 35.90gh

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 7.46a-e 37.90b 16.50ab 61.76ab 4.70de 34.30c 15.13a-c 54.13de

ChM + without 6.16b-e 26.23d 6.06ef 38.46d 5.73cd 25.83de 5.83de 44.73fg

---------------------------------------------------------------------------------------------------------------------------------------------------------------------

POC with 12.53a 34.46bc 14.10bc 61.10ab 11.93ab 45.03ab 12.96a-d 59.46bcd

Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance, according to Duncan’s m ultiple range

test.

Fig. 2: Effect of NPK levels on P leaves content  (%) 

Fig. 3: Effect of organic manure sources on P leaves content (%).
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Fig. 4: Effect of PSB on P leaves content  (%).                

Fig. 5: Effect of interaction between NPK levels and organic manure sources on P leaves content (%) 

Fig. 6: Effect of interaction between NPK levels and PSB on P leaves content (%).          
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Fig. 7: Effect of interaction between organic manure  sources and PSB on  P leaves content (%).

Fig. 8: Effect of interaction among NPK levels, organic manure sources and PSB on P leaves content (%).

components, i.e. number and weight of fruits in grades

A and B as well as yield/fed. especially at the second

season. The application of full dose of NPK

(recommended dose) increased number of fruits/plant,

fruit size fruit yield/plant fruit yield/ha . The obtained[50]

results are in harmony with those reported by Omotoso

and Shittu  which recorded that application of 150 kg[37]

NPK recorded the highest yield of okra compared to 0

and 450 kg NPK / ha. It was found that increase NPK

concentration from 50% to 100 or 200% increased the

yield and number of fruits /truss of tomato, while the

increase in nutrient solution from 100% to 200%

produced a slight increase of yield (less than 10 %) .[45]

In addition, application of high rate of NPK (400 kg

/ha) increased average fruit weight, fruit yield /plant,

total fruit yield /ha and % of marketable yield . The[2 9 ]

increase in yield components may be attributed to the

increase in leaf area index, crop growth rate, relative

growth rate and net assimilation rate.

Effect of Organic Manure Sources: Data in Table 5

show significant effect in all studied traits in both

seasons. ChM treatment had the highest effects in all

studied traits in both seasons. As a result of the

significant increases in all components of yield /plant

and per fed. On the other hand, application of POC

recorded the lowest values of yield, and this result may

be owe to the decrease in plant growth expressed in

dry weight of plant which reversed the decrease in

total yield per plant and per feddan . [5 , 19, 38, 13, 17]

Effect of PSB: Data in Table 5 show that PSB had no

effect on grade A per plant and per fed. in both

seasons,  while the highest yield in grade B per plant
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Table 5: Effect of  NPK levels, organic manure sources and PSB on total yield of tomato plants.

Treatments Yield/plant Yield(ton/fed.)

------------------------------------------------------------------------ -------------------------------------------------------------------

Grade A Grade B Grade A          Grade B Total Yield (grade

Number Weight(g) Number Weight(g) A+B)

NPK levels First season (2005/2006

50 % 17.45a 1514.0a 57.97a 2862.0a 7.27a 13.74a 21.00a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

100 % 14.05a 1285.0b 47.05a 2205.0b 6.17a 10.58a 16.75b

Second season(2006/2007)

50 % 15.28a 1363.0a 67.42a 3078.0a 6.54a 14.77a 21.32a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

100 % 13.31b 1215.0b 51.86b 2315.0b 5.83b 11.11b 16.95b

Organic manure sources First season (2005/2006

ChM 19.56a 1709.0a 57.85a 2894.0a 8.20a 13.89a 22.09a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

POC 15.39ab 1343.0b 47.19b 2206.0b 6.44b 10.59b 17.04b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ChM +POC 12.31b 1148.0b 52.49ab 2501.0b 5.51b 12.00b 17.51b

Second season(2006/2007)

ChM 16.98a 1489.0a 71.30a 3153.0a 7.14a 15.13a 22.28a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

POC 13.75ab 1303.0ab 51.24b 2306.0c 6.25ab 11.07c 17.33b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ChM +POC 12.15b 1075.0b 56.38b 2630.0b 5.16b 12.62b 17.78b

PSB First season (2005/2006

without 16.14a 1496.0a 43.42b 2145.0b 7.18a 10.29b 17.47b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 15.37a 1304.0a 61.60a 2923.0a 6.26a 14.03a 20.29a

Second season(2006/2007)

without 15.57a 1448.0a 51.03b 2289.0b 6.95a 10.988b 17.94b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 13.01a 1130.0a 68.24a 3104.0a 5.42a 14.902a 20.32a

Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance, according to Duncan’s multiple range

test.

and per fed. as well as total yield per fed. were

obtained  with treating  tomato plants with PSB. The

superiority in total yield owe to the increase of total

grade B yield. These results were in agreement with

those obtained by Tantawy .[52]

Effect of Interaction Between NPK and Organic

Manure Sources: Data in Table 6 show significant

interaction in all studied traits in both seasons. Using

50% NPK with ChM gave the highest yield per plant

and per fed in both seasons. Patil et al.  illustrated[39]

that application of 50% of recommended doses of NPK

+ 50% FYM resulted in the highest number of fruits

per plant , average fruit weight and yield per plant.

Effect of Interaction Between NPK and PSB: It

could be concluded from the data presented in Table 6

that application of 50% NPK with PSB recorded the

highest values of total yield in both seasons. The

increase in total yield goes to the augmentation of all

total yield components, viz, number and weight of

fruits in both grades per plant and per fed. on the other

hand, the increases in all yield components may be

owe to the enhancement in plant growth expressed as

dry weight of plant (Table 3). Similar results were

obtained with Hewedy .[23]

Effect of Interaction Between Organic Manure

Sources and PSB: Data in Table 6 showed that the

application of ChM with PSB was the best treatment

for enhancing all total yields. These results are

coinciding with Awad and Ouda .[8 , 38]

Effect of Interaction among NPK Levels, Organic

Manure Sources and PSB: It could be concluded that

application of 50% NPK +ChM + PSB recorded the

highest values of total yield traits in both seasons

(Table 7). The favorable effect of ChM in presence of

50% NPK or 100% NPK with PSB might be attributed

to the simulative effect on plant growth and dry weight

of plant (Table 4) as well as increasing total fruit yield

types.

A partial coherence encountered between the

success in colonization process in the rhizosphere and

the effect of inoculation by PSB on the tomato growth

and yield. Generally, the success of the colonization

process in tomato rhizosphere may provide a best niche

for our strain to do solubilize the inorganic P exist in

the vicinity of tomato root hairs. This was obvious in

the rhizosphere of plants treated with ChM or

ChM+POC at 50% of NPK level which showed a

forced attractive values for the inoculated clone. 
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Table 6: Effect of interaction between NPK levels and organic manure sources, NPK levels and  PSB, and organic manure sources  and  PSB on total  yield of tomato plants.
Treatments Yield/plant Yield(ton/fed.) Yield/plant Yield(ton/fed.)

------------------------------------------------------- ------------------------------------------ --------------------------------------------------- -----------------------------------------
Grade A Grade B Grade A Grade B Total yield Grade A Grade B Grade A Grade B Total yield 
-------------------------- --------------------------- (grade A+B) ------------------------- ------------------------ (grade A+B)
Number Weight(g) Number Weight(g) Number Weight(g) Number Weight(g)

NPK levels x  Organic manure sources First season (2005/2006 Second season(2006/2007)
50% ChM 25.63a 2193.0a 71.46a 3705a 10.52a 17.78a 28.31a 22.53a 1877.0a 91.06a 4061a 9.01a 19.49a 28.50a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
POC 16.78b 1438.0b 56.08b 2648b 6.90b 12.71b 19.61b 13.40bc 1289.0b 63.70b 2886b 6.18b 13.85b 20.04b
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ChM+POC 9.93c 912.0c 46.37c 2234c 4.38c 10.72c 15.10c 9.91c 923.0c 47.50c 2287c 4.43c 10.97c 15.41c

100% ChM 13.49bc 1224.0b 44.25c 2083cd 5.88b 9.99cd 15.87c 11.43bc 1100.0bc 51.54c 2246c 5.28bc 10.78c 16.06c
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
POC 13.99bc 1248.0b 38.30c 1765d 5.98b 8.47d 14.46c 14.11b 1318.0b 38.78d 1727d 6.32b 8.29d 14.62c
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ChM+POC 14.68bc 1384.0b 58.62b 2769b 6.64b 13.29b 19.93b 14.39b 1227.0b 65.27b 2974b 5.88b 14.27b 20.16b

NPK  levels x   PSB
50% without 16.07a 1480.0a 50.61b 2592b 7.10a 12.44b 19.54b 14.89a 1386.0a 62.09b 2823b 6.65a 13.55b 20.20b

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
with 18.83a 1549.0a 65.33a 3132a 7.43a 15.03a 22.47a 15.67a 1341.0a 72.75a 3333a 6.43a 15.99a 22.43a

100% without 16.20a 1511.0a 36.23c 1698c 7.25a 8.15c 15.40c 16.26a 1511.0a 39.98c 1755c 7.25a 8.42c 15.68d
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
with 11.91b 1059.0b 57.88ab 2713b 5.08b 13.02b 18.10b 10.36b 919.0b 63.74b 2876b 4.41b 13.80b 18.21c

Organic manure sources x  PDB
ChM without 17.55b 1689.0a 50.15b 2608.0b 8.10a 12.51b 20.62b 16.69a 1501.0ab 65.27b 2871.0b 7.20ab 13.78b 20.99b

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
with 21.57a 1728.0a 65.56a 3179.0a 8.30a 15.26a 23.56a 17.27a 1476.0b 77.32a 3435.0a 7.08b 16.48a 23.57a

POC without 19.83ab 1759.0a 42.56bc 2011.0c 8.44a 9.65c 18.09c 17.93a 1744.0a 48.11d 2149.0d 8.37a 10.31d 18.69c
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
with 10.94c 927.0c 51.82b 2402.0b 4.45c 11.53b 15.98d 9.58b 862.0c 54.36c 2463.0c 4.14c 11.82c 15.97d

ChM+POC without 11.02c 1039.0bc 37.55c 1817.0c 4.99bc 8.72c 13.71e 12.11b 1099.0c 39.72e 1846.0e 5.27c 8.86e 14.14e
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
With 13.59c 1256.0b 67.44a 3186.0a 6.03b 15.29a 21.32b 12.20b 1051.0c 73.05a 3415.0a 5.04c 16.39a 21.43b

Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance, according to Duncan’s multiple range test.

Table 7: Effect of interaction among NPK levels, organic manure sources and PSB  on  total yield of tomato plants.

Treatments Yield/plant Yield(ton/fed.)
------------------------------------------------------------------------ ------------------------------------------------------
Grade A Grade B Grade A Grade B Total Yield 
-------------------------------- ---------------------------------- (grade A+B)
Number Weight(g) Number Weight(g)

NPK levels x  Organic manure sources x  PSB First season (2005/2006

50% ChM without 18.13b 1820.0b 68.11b 3659.0a 8.73b 17.56a 26.30b
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 33.13a 2566.0a 74.81ab 3751.0a 12.32a 18.00a 30.32a

POC without 20.37b 1751.0b 46.42de 2223.0d 8.40b 10.67d 19.08c
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 13.19c 1125.0cd 65.75bc 3073.0b 5.40cd 14.75b 20.15c

ChM +POC without 9.70cd 868.0de 37.29ef 1894.0de 4.17de 9.09de 13.26fg
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 10.16cd 955.0c-e 55.44cd 2574.0c 4.58c-e 12.35c 16.94de

100% ChM without 16.98b 1558.0b 32.19f 1557.0e 7.48b 7.47e 14.95ef
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 10.00cd 891.0de 56.30cd 2608.0c 4.28de 12.52c 16.80de

POC without 19.30b 1767.0b 38.70ef 1798.0e 8.48b 8.63e 17.11d
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 8.69d 728.0e 37.89ef 1731.0e 3.49e 8.31e 11.81g

ChM +POC without 12.34cd 1210.0c 37.81ef 1739.0e 5.81c 8.35e 14.16f
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 17.02b 1557.0b 79.44a 3799.0a 7.48b 18.23a 25.71b

NPK levels x  Organic manure sources x  PSB Second season(2006/2007)

50% ChM without 19.26b 1604.0b 89.86a 3992.0a 7.70b 19.16a 26.87b
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 25.80a 2150.0a 92.26a 4129.0a 10.32a 19.81a 30.14a

POC without 14.12cd 1572.0b 56.83d 2578.0c 7.54b 12.37c 19.92c
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 8.75ef 1006.0de 70.56b 3194.0b 4.83de 15.33b 20.16c

ChM +POC without 15.30c 981.0d-f 39.57e 1898.0d 4.71d-f 9.11d 13.82e
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 11.50de 866.0ef 55.42d 2676.0c 4.16ef 12.84c 17.00d

100% ChM without 20.56b 1399.0bc 40.69e 1750.0d 6.71bc 8.40d 15.12e
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 7.66f 802.0ef 62.30c 2741.0c 3.85ef 13.15c 17.01d

POC without 10.12ef 1916.0a 39.40e 1721.0d 9.19a 8.26d 17.46d
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 9.71ef 719.0f 38.16e 1733.0d 3.45f 8.32d 11.77f

ChM +POC without 14.10cd 1218.0cd 39.86e 1794.0d 5.84cd 8.61d 14.46e
---------------------------------------------------------------------------------------------------------------------------------------------------------------------

with 14.68cd 1236.0cd 90.68a 4154.0a 5.93cd 19.94a 25.87b

Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance, according to Duncan’s
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