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ABSTRACT 

 

The current study was carried out to evaluate 

certain non-conventional techniques including the 

use of organic manures, either residues left from 

soaking cattle and chicken manures applied to the 

soil or spray of their extracts on the plant biomass; 

biofertilizers as well as natural resources of rock 

phosphate were also used, inorganic fertilizers 

being included for comparison. Such evaluation 

was thought to be performed through evaluating 

responses of soil characteristics represented by 

both chemical characteristics and element availa-

bility; responses of developed plants to applied 

treatments were thought to be not included in the 

present study. This study was conducted under 

conditions of greenhouse located in Soils Depart-

ment, Faculty of Agriculture, Ain Shams University; 

it represents the application of results obtained 

from the two pot experiments previously conduct-

ed. Cucumber seedlings of 15 days old were 

planted after being inoculated with liquid culture of 

the used biofertilizers and let to be grown three 

months up to harvest. The studied soil samples 

were taken out before flowering stage of grown 

cucumber plants to evaluate the concerned re-

sponses of the indicated soil samples. Results 

showed that organic manure application practices 

were favorable compared to either original untreat-

ed soil or inorganic control treatments; application 

of the used biofertilizers added, either separately 

or in combinations, to manuring was favorable for 

most of the studied parameters, application of rock 

phosphate to the mentioned treatments being also 

favorable. 

   
1. INTRODUCTION 

  

A number of studies have indicated the benefi-

cial effects of organic manures on improving soil 

properties and plant growth. Several organic 

amendments were frequently used to achieve such 

goal of clean agriculture. Organic amendments are 

currently used in agricultural lands to improve their 

physical, chemical and biological properties; soil 

organic matter (SOM) includes several compo-

nents and it is not clear which one is modified 

when organic inputs are used. Organic manures 

can be valuable inexpensive soil conditioners and 

source of plant nutrients; positive effect of organic 

wastes on soil has been reported in several stud-

ies (Odlare et al 2008).                                                              

Many organic wastes or by-products after com-

posting process as well as their use through non-

conventional practices have been found to be suit-

able for use as growing organic substrates in the 

soilless agriculture. However, there is a complex 

nature for production of non-conventional forms of 

certain organic substrates, such non-conventional 

forms presenting a challenge for the adjustment of 

available element contents in the supplied nutrient 

culture to match plant requirements. In the eco-

organic type soiless culture, the important factor 

affecting the indicated adjustment of nutrient com-

position of the supplied nutrient solution should be 

the extent of ionic release and balance with ca-

pacity of adsorption  by organic substrate. Several 

investigations were presented for suggesting the 
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use of extracts, obtained by soaking different used 

organic manures, either as a nutrient solution 

(Abd-Elmoniem and El-Shinawy, 2002) applied 

directly to the soils beside the grown plants, 

(Abou-Hussein et al 2002) or as a foliar spray on 

the grown plants (Al-Mughrabi, 2007).                                                                                                   

Man has added organic and inorganic amend-

ments to soil for centuries to improve soil fertility 

and increase crop yield (Kábana, 1986). Zmora-

Nahum et al (2007) reported that a proper world 

for future generations needs farming systems that 

give high crop yields with limited pollution risks and 

minimal nutrient depletion of natural, not renewa-

ble resources(soil, water and atmosphere). In the 

last 60 years, a wrong land use and incorrect agri-

cultural practices have often lowered the soil con-

tent of organic matter; today a rise of this soil com-

ponent is required almost everywhere.                                                                

Biofertilizers are products containing living cells 

of different types of microorganisms, which have 

an ability to convert nutritional elements from rela-

tively difficult available to available form through 

biological processes (Vessey, 2003). Multi-

microbial inoculation has been proposed as a way 

for protecting plants against environmental stress 

and increasing the sustainability for plant produc-

tion; biofertilizers play an important role in enhanc-

ing crop productivity through nitrogen fixation, 

phosphate solubilization, plant hormones produc-

tion and ammonia excretion as well as to control 

various plant diseases (Vestberg et al 2004). 

Mycorrhizal colonization of roots usually results 

in an increase in the surface area for nutrient ac-

quisition; the extrametrical fungal hyphae can ex-

tend several centimeters into the soil and absorb 

large amounts of nutrients for the host root (Khan 

et al 2000). In an attempt to reduce environmental 

risks with fertilizer uses, N and P biofertilizers have 

been considered as possible substitutes for tradi-

tional mineral nitrogenous and phosphatic fertiliz-

ers (El-Sirafy et al 2006).                                                                                             

Several natural resources may be used in agri-

culture practice to improve both element availability 

and plant growth either directly through their con-

tents of certain essential elements, or indirectly 

through their effects on the soil properties either 

directly through nutrient supply or indirectly 

through interactions with the concerned practices 

of fertilization; rock phosphate (R) was used fre-

quently for those purposes (Duponnois et al 

2005). 

The present study was conducted to evaluate 

the possibility of adopting certain non-conventional 

fertilization practices; such evaluation was thought 

to be performed through evaluating soil responses 

to applied amendments including organic manures 

and their application practices, bio-fertilizers as 

well as natural resource of rock phosphate. 

  

2. MATERIALS AND METHODS 

 

A field trial was conducted to evaluate soil re-

sponses to the used amendments including the 

use of best treatments encountered with the previ-

ous two successive pot experiments, as a base 

diet, (unpublished data). The studied treatments 

included the use of both extracts and residues left 

from soaking either cattle or chicken manure either 

alone or accompanied with the used biofertilizers, 

applied either separately or in combinations. Such 

indicated biofertilizers, including N-fixing bacteria 

containing Azotobacter chroococum and Azospiri-

lum lipoterum (Z) known under commercial name 

of "nitrobein", phosphate dissolving bacteria involv-

ing Bacillus megatherium (P) known under com-

mercial name of "phosphorein"  and arbascular 

mycorrhizal fungi (M) with or without addition of 

rock phosphate. Organic extracts were prepared 

by using extraction ratio of 1manure: 10 water; 

cucumber seedlings, 15 days old, were inoculated 

with liquid cultures of either the nitrobein, phos-

phorein or both taken from Agriculture Research 

Center (ARC) but mycorrhizal fungi were, however, 

collected from soil close to rhizosphere of maize 

plants grown on the Experimental Station of Soils 

Department, Faculty of Agriculture, Ain Shams 

University. The studied treatments were represent-

ed by four groups, with three replicates for each 

treatment, A, B, C and D, three control treatments 

being also included. 

 

Group A  

 

This group included three treatments, including 

the inoculation with the indicated biofertilizers in 

separate forms.                                                                                                     

Z = inoculated with nitrobein. 

P = inoculated with phosphorein. 

M = inoculated with mycorrhizal fungi. 

 

Group B 

 

This group included four treatments including 

the combination of the used biofertilizers. 

Z+P = inoculated with nitrobein accompanied with 

phosphorein. 

Z+M = inoculated with nitrobein along with mycor-

rhizal fungi. 
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P+M = inoculated with phosphorein accompanied 

with mycorrhizal fungi.  

Z+P+M = inoculated with nitrobein accompanied 

with phosphorein and mycorrhizal fungi. 

 

Group C 

 

This group included three treatments, similar 

and correspondent to group A, but enriched with 

rock phosphate. 

 

Group D 

 

This group included four treatments, similar 

and correspondent to group B, but again, enriched 

with rock phosphate.  

 

Control treatments  

 

These treatments contained three treatments 

including control 1, only receiving the suggested 

dose of inorganic NPK fertilizers, control 2, receiv-

ing the suggested dose of inorganic NPK fertilizers 

accompanied with the manure extracts sprayed on 

grown plants, and control 3 receiving the residues 

left from the soaked concerned organic manures 

accompanied with the indicated manure extracts 

on the plant biomass. 

The current study was carried out to investigate 

the effects of different studied treatments on re-

sponses of soil which were evaluated through 

evaluating the chemical characteristics represent-

ed by electrical conductivity EC, soil pH and organ-

ic matter OM content; element availability was also 

included; nitrogen (N) and phosphorus (P) being 

selected as representing the macronutrients, Fe 

being selected to represent the micronutrients and 

Pb to stand for the heavy metal pollutants. 

 

2. 1. Soil analyses 

 

2.1.1. Chemical characteristics 

 

Electrical conductivity EC (dSm-1 at 25 C) was 

determined in 1: 5 (soil: water) extract, using EC 

meter, as described by Jackson (1973). 

Soil pH was assayed in 1:2.5 (soil: water) sus-

pension using glass electrode pH meter according 

to Jackson (1973). 

Organic matter (OM) content was determined 

according to Walkely and Black method using α- 

phenanthroline as indicator (Black et al 1965).                                                         

 

2.1.2. Element availability 

 

Available nitrogen was extracted using 2 M KCl 

solution and determined by steam distillation pro-

cedure using Mg devarda alloy according to Black 

et al (1965).                    

Available phosphorus was determined accord-

ing to Olsen et al (1954) using 0.5 M NaHCO3 

solution for extraction following ascorbic acid 

method. 

Finally, available iron Fe and lead Pb were as-

sayed, as being represented by Fe and Pb DTPA-

extractable, using atomic absorption according to 

Chapman and Pratt (1961). 

Surface soil samples, representing the selected 

area of investigation were, initially taken out, cor-

respondent samples from the concerned organic 

manures being also included. Analyses have been 

undertaken for selected soil and manure samples 

following the standard procedures reported by 

Black et al (1965). Some characteristics, including 

physical, chemical and biological, of the indicated 

soil samples are shown in (Table 1); correspond-

ent analyses for the concerned organic manures 

are shown in (Table 2). 

The same indicated analyses were performed 

for the soil samples subjected to different treat-

ments, such samples being taken out (from surface 

soil) just before flowering stage of developed cu-

cumber plants.                                                                                                     

The suggested dose of organic manures was 

20 ton fed-1 from each used one; the suggested 

dose of inorganic fertilizers, on the other hand, was 

300 kg fed-1 ammonium sulfate (15.5 %N), 150 kg 

fed-1 supper phosphate (15 % P2O5) and 100 kg 

fed-1 potassium sulphate (48 % K2O). 
  

2.2. Statistical analysis 
 

Obtained data were subjected to analyses of 

variance (ANOVA) and the differences among the 

means were determined using the Tukey test by 

M- Stat computer program.       
  

3. RESULTS AND DISCUSSION 

       

A field trial was, as previously mentioned, con-

ducted to evaluate responses of soil characteristics 

to application of both cattle and chicken manures, 

which were selected as the best studied manures 

of the two studied pot experiments (unpublished 

data) regarding both chemical characteristics and 

element availability with the final goal of evaluating 

organic manuring, bio-fertilization and rock phos-

phate application. 
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Table 1. Some physical, chemical and biological properties of the used soil 

 

Physical properties Chemical properties Biological properties 

Particle size distribution CaCO3  % 3.41 Available elements (mgkg-1) 

Sand   % 11.3 OM    % 1.76 N 19.2 

Silt   % 17.2 *EC dSm-1  0.33 P 18.3 

Clay  % 71.5 Soluble cations (mrq/l) Fe 16.4 

Soil texture (Clay) Ca++ 0.96 Pb 4.23 

SP   % 68.0 Mg++ 0.68   

  Na+ 0.84   

  N+ 0.81   

  Soluble anions (meq/l)   

  CO3
- Nil   

  HCO3
- 0.86   

  Cl- 1.83   

  SO4
-- 0.69   

  **pH 8.20   

 
 * = Soil extract (1 soil: 5 water).  
** = Soil suspension (1 soil: 2.5 water). 

 
Table 2. Some characteristics of the used organic manures 

 

Pb Fe P N C/N  

ratio 

OC OM 

**pH 
*EC 

dS.m-1 

Characteristics      

 

Organic manure mgkg-1 % % 

10.2 680 0.49 1.68 13.9 23.4 40.4 7.12 6.57 Cattle manure 

20.1 540 0.38 4.14 4.73 19.6 33.7 6.46 7.10 Chicken manure 

 
   * = Manure extract (1manure:10 water). 
**  = Manure suspension (1manure: 2.5 water). 

 

 

3.1. Soil chemical characteristics 

 

As previously mentioned, soil chemical fea-

tures, including electrical conductivity (EC), soil 

reaction (pH) and organic matter content (OM) 

were evaluated as regarding to responses to the 

investigated treatments including those of control; 

values are shown in Table (3). 

 

3.1.1. Electrical conductivity                                                                   

 

Obtained results showed that EC values of all 

the studied treatments were higher, compared to 

both original untreated soil (Table 1) and   "cont 3" 

that only received the base diet which was, how-

ever, slightly higher compared to both "cont 1" and 

"cont 2", receiving inorganic fertilizers applied sep-

arately or accompanied with spray of manure ex-

tracts on the plant biomass, respectively, "cont 1" 

being the lowest. Obtained results are not unex-

pected due to the relatively high content of soluble 

salts in the used organic manures (Table 2) which 

should be expected to raise soil salinity. This 

agrees with results of Badran et al (2000) who 

pointed out that use of organic manures, especially 

at high rates, as well as inorganic fertilizers may 

raise soil salinity indirectly due to mineralization 

process of the applied manures or directly through 

soluble ions released from inorganic fertilizers.  
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Table 3. Effect of the used organic manures on the studied soil characteristics. 
 

A- Cattle manure 
 

Treatments 
Chemical characteristics Available element (mgkg-1) 

*EC dSm-1 **pH OM% N P Fe Pb 

Inorg. cont 1 0.45 abc 7.84 f 1.92 a 50.4 a 19.5 a 18.5 4.86 gh 

Inorg.+Ext. cont 2 0.46 abcd 7.81 cde 1.94 ab 57.5 b 20.6 a 20.9 b 4.88 h 

Res.+Ext. cont 3 0.51 abcdef 7.78 abcde 2.49 j 60.7 c 22.4 b 22.6 c 4.79 defgh 

A Z 0.53 cdef 7.73 ab 2.21 fgh 73.1 g 24.1 v 28.1 de 4.69 bcde 

P 0.47 abcdef 7.75 abcd 2.25 gh 65.2 d 27.6 d 27.1 d 4.66 bc 

M 0.43 a 7.71 a 2.35 hi 67.6 e 29.4 e 29.2 efg 4.53 a 

B Z+p 0.56 f 7.76 abcd 2.11 de 75.3 h 29.8 e 30.2 gh 4.74 cdefg 

Z+m 0.54 def 7.74 abc 2.16 ef 76.8 h 30.6 ef 31.6 ij 4.68 bcd 

P+M 0.52 bcdef 7.71 a 2.29 hi 69.3 ef 31.4 fg 31.3 hij 4.66 bc 

Z+P+M 0.50 ancdef 7.79 bcde 2.16 ef 82.6 k 35.1 j 33.1 k 4.78 cdefg 

C Z+R 0.55 ef 7.76 abcd 2.15 de 76.3 h 25.4 c 28.8 ef 4.73 cdef 

P+R 0.46 abcd 7.76 abcd 2.17 efg 69.4 f 29.2 e 28.2 de 4.69 bcde 

M+R 0.44 ab 7.73 ab 2.27 hi 71.5 g 31.4 fg 30.4 ghi 4.57 ab 

D Z+P+R 0.58 fg 7.78 abcde 2.07 cd 78.6 i 32.6 gh 30.1 fgh 4.81 efgh 

Z+M+R 0.56 f 7.75 abcd 2.09 cd 81.2 j 33.5 hi 30.7 hij 4.72 cdef 

P+M+R 0.55 ef 7.74 abc 2.14 ef 81.8 g 34.8 ij 31.9 jk 4.69 bcde 

Z+P+M+R 0.52 bcdef 7.83 ef 2.11 de 85.9 kl 36.4 jk 36.4 jk 4.83 fgh 

 
Table 3. Cont. 
 

B- Chicken manure 

 

Values followed by the same letters are not significantly different. 
* = Soil extract (1soil:5water)    ** = Soil suspension (1soil:2.5water)    Inorg. = inorganic fertilizers      
Extr. = manure extract     Res. = manure residues     Z = Nitrobein     P = Phosphorein       
M = Mycorrhizal fungi       R = Rock phosphate 

Treatments 
Chemical characteristics Available element (mgkg-1) 

*EC dSm-1 **pH OM% N P Fe Pb 

Inorg. cont 1 0.45   abc 7.84   f 1.92   a 50.4   a 19.5   a 18.5   a 4.86   fg 

Inorg.+Ext. cont 2 0.47   abcd 7.79   de 1.96   a 60.2   b 20.8   b 21.2   b 4.89   fgh 

Res.+Ext. cont 3 0.49   bcdef 7.75   abcd 2.57   e 65.3   c 22.8   c 23.1   c 4.81   defg 

A 

Z 0.51   cdefg 7.71   abc 2.22   a 76.5   f 24.6   d 29.3   def 4.75   cdef 

P 0.46   abc 7.73   abcd 2.19   cd 67.1   c 28.9   f 28.6   d 4.69   bc 

M 0.41   a 7.68   a 2.16   cd 69.7   d 30.2   g 30.4   efg 4.56   ab 

B 

Z+p 0.54   efg 7.76   bcd 2.21   d 78.1   fg 30.7   gh 30.8   fgh 4.78   cdef 

Z+m 0.53   defg 7.73   abcd 2.24   d 79.6   gh 31.4   hi 31.9   gh 4.71   bcd 

P+M 0.51   cdefg 7.71   abc 2.22   d 71.4   de 32.1   ij 31.7   gh 4.69   bc 

Z+P+M 0.48   bcde 7.68   ab 2.12   bc 87.4   j 36.8   i 33.6   i 4.72   defg 

C 

Z+R 0.53   defg 7.74   abcd 2.18   cd 78.2   fg 28.8   e 29.1   de 4.77   cdef 

P+R 0.48   bcde 7.78   cde 2.11   bc 70.3   d 30.1   g 28.5   d 4.73   bcde 

M+R 0.43   ab 7.73   abcd 2.07   b 71.6   de 31.8   hij 30.9   fgh 4.62   bc 

D 

Z+P+R 0.57   h 7.79   de 2.12   bc 81.2   hi 31.9   hij 30.6   fgh 4.83   cdef 

Z+M+R 0.55   gh 7.75   abcd 2.17   cd 83.1   i 32.7   jk 30.8   fgh 4.76   cdef 

P+M+R 0.53   defg 7.74   abcd 2.18   cd 73.6   e 33.8   k 32.3   hi 4.73   bcde 

Z+P+M+R 0.49   bcdef 7.71   abc 2.06   b 89.3   k 37.2   j 34.8   j 4.85   fg 
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Results also revealed that application of the 

previously mentioned base diet to the used bio-

fertilizers of Z, P or M each applied separately, 

compared to "cont 3" treatment, had a depressive 

effect on the EC values; "M" treatment involving 

mycorrhizal fungi had the lowest values, with "Z" 

treatment being the highest. "Z+P" treatment, rep-

resenting one of biofertilizers combinations of "B" 

treatments, was superior to "A" treatments; addi-

tion of "M" was, however, depressive.  

Relatively lower EC values may be attributed to 

absorption of different elements by grown plants 

through activation role of microorganisms, particu-

larly those nutritionally required, and thus element 

depletion should occur especially with mycorrhizal 

fungi. Encountered higher values, particularly with 

"Z" treatment, on the other hand, may be a result-

ant of improvement of mineralization of applied 

organic manures and thus release more soluble 

ions. 

Addition of rock phosphate to "A" treatments 

(i.e. "C" treatments) was, to some extent, favorable 

possibly due to its important role of interaction with 

applied microorganisms in solubilization of P as 

well as Ca from the applied rock phosphate. Cor-

respondent effect of rock phosphate added to 

combinations of the concerned biofertilizers (i.e. 

"D" treatments) was more obvious, compared to 

both "B" and "C" treatments. This is true in spite of 

the inferiority of "Z+P+M" treatment due to the rela-

tively more nutritional requirements of the com-

bined microorganisms; such requirements should 

be taken out from the soluble form in soil, additive 

effect for the three microorganisms should be of 

particular role.  

According to the previously mentioned presen-

tation, it may be worth to conclude that, application 

of either inorganic fertilizers, organic manures sep-

arately or accompanied with natural resource of 

rock phosphate along with biofertilizers each sepa-

rately or combined, was favorable for EC values 

which were relatively higher; combinations of the 

three used biofertilizers were, however, depressive 

for such values. 

 

3.1.2. Soil pH  

 

Obtained results showed, as expected, relative 

decreases in soil pH values for the studied treat-

ments, compared to both original untreated soil 

(Table 1) and "cont 3" treatment which had the 

lowest pH values, compared to either "cont 1" or 

"cont 2" probably due to addition of residues of the 

soaked organic manures, to soil, which should 

produce some organic acids through their decom-

position process.  

"A" treatments, compared to "cont 3", had rela-

tively lower pH values; "M" treatment was the low-

est, followed by "Z" treatment, with "Z" treatment 

having the highest values; lower pH values may be 

due to the role of "M" in producing some organic 

acids. "B" treatments, particularly that involving 

"Z+P+M" microorganisms, compared to "A" treat-

ments had, opposite to those of cattle manure, 

relatively lower pH values in case of chicken ma-

nure; this may be due to the previously indicated 

role of the applied biofertilizers in improvement of 

mineralization process of organic materials present 

initially in the soil or produced from added organic 

manures, all giving organic acids leading to the 

indicated decreases in pH values. Relatively higher 

values obtained with cattle manure may be a re-

sultant of relatively higher pH values of the raw 

material of this manure compared to chicken ma-

nure.  

      Addition of rock phosphate to fertilization sys-

tem of "A" treatments (i.e. "C treatments), gave 

relatively higher pH values. Such results are not 

unexpected; rock phosphate should be considered 

to be a some sort of buffer which can react with 

any acidity source. This may be due to interaction 

between the indicated rock phosphate and combi-

nations of applied microorganisms particularly what 

concerning the above mentioned buffering action 

of the indicated rock phosphate. Correspondent 

additions of rock phosphate to the applied combi-

nations of the used biofertilizers ("D" treatments), 

generally, gave higher values, compared to both 

"B" treatments (having no rock phosphate) and "C" 

treatments (involving the separate additions of the 

concerned biofertilizers), "Z+P+M+R" being inferior 

with chicken manure opposite to that of cattle ma-

nure. 

It may be worth to mention that, treatments re-

ceiving the used biofertilizers, opposite to that of 

natural resource of rock phosphate, were relatively 

lower in pH than those of "cont 3", receiving none 

of such materials. This may confirm the previously 

mentioned role of interactions between biofertiliz-

ers, natural resource of rock phosphate and ap-

plied manures. 

 

3.1.3. Soil organic matter content 

 

As expected, OM content of all studied treat-

ments increased, compared to the original untreat-

ed soil (Table 1). Such studied treatments were, 

however, lower than "cont 3", in spite of its superi-
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ority, compared to other control treatments ("cont 

1" and "cont 2") probably due to application of or-

ganic manures.                                                                     

"A" treatments, compared to "cont 3", had rela-

tively lower values of organic matter content. This 

may go along with results of Gagnon (2004) who 

pointed out that OM content in soil decreased due 

to improvement of mineralization process by mi-

croorganisms which should give efficient loss of 

carbon as CO2 through microbial oxidation particu-

larly at relatively long time period close to that of 

present study (before flowering stage of plant 

growth). Combinations of the used biofertilizers 

("B" treatments), particularly "Z+P+M" treatment, 

led to decreases in OM content with cattle manure, 

opposite to that of chicken manure, compared to 

"A" treatments possibly due to relatively more effi-

cient improvement of mineralization process, par-

ticularly the easily decomposable chicken manure, 

as a resultant of increasing number of living micro-

organisms.    

Addition of rock phosphate to "A" treatments 

(i.e. "C" treatments) gave relatively lower values of 

OM content probably due to the presence of rock 

phosphate which is considered representing the 

natural resource for P required by microorganisms 

and thus enhanced their ability to decompose the 

applied materials more efficiently and that finally 

could be reflected on decreasing such organic 

matter content of soil. Correspondent effect of rock 

phosphate, added to combinations of the con-

cerned biofertilizers ("D" treatments) was more 

depressive compared to both previously mentioned 

"B" and "C" treatments.  

Finally, it may be worth to mention that, bio-

fertilizers as well as natural resource of rock phos-

phate was depressive for the OM content of the 

studied soil samples; the latter combined with 

"Z+P+M" combinations of biofertilizers gave the 

lowest values.  

 

3. 2. Element availability 

 

Organic materials have a definite role in im-

proving soil fertility. Organic manures, produced 

from residues of either plants, animals or both, 

mostly contain several nutrients, essential for plant 

growth, including both macro and micronutrients. 

Such organic manures also produced organic ac-

ids, which usually made most nutrients available to 

developed plants. However, some of the macro 

nutrients, such as nitrogen, phosphorus and po-

tassium may be not present in adequate amounts 

required by plants, unless the organic manures are 

supplied in large quantities (Rynk et al 1992). In 

spite of that, such manures may include some 

heavy metals as pollutants hazardous for devel-

oped plants (Abd- El-Kawy, 2003).  

As previously mentioned in the section of Mate-

rials and Methods, element availability was evalu-

ated through evaluating available nitrogen (N) and 

phosphorus (P) as macronutrients, iron (Fe) as a 

micronutrient and lead (Pb) as a heavy metal pollu-

tant.  

Regarding to both available nitrogen and phos-

phorus, as representatives for macronutrients, ob-

tained results of Table (3) showed that all studied 

treatments, compared to both original untreated 

soil (Table 1) and "cont 3" treatment, had higher 

available values; in spite of that, "cont 3" gave 

higher values compared to those of the other con-

trol treatments ("cont 1" and cont "2"). Superiority 

of all studied treatments, compared to both original 

untreated soil and "cont 3" is expected due to fa-

vorable effects of applied fertilization system rep-

resenting manures, applied natural resource of 

rock phosphate and biofertilizers, the application 

practices may be included. Highest values ob-

tained with the latter "cont 3", compared to other 

control treatments ("cont 1" and cont "2") may be 

attributed to the role of applied manures.  

"A" treatments, compared to "cont 3", had 

higher available values of both N and P. The high-

est values of available N were obtained with "Z" 

treatment involving nitrobein microbes; in spite of 

that, correspondent highest values of available P 

was obtained with "M" treatment involving mycor-

rhizal fungi. The highest N values of "Z" treatment 

may be possibly due to the presence of nitrobein 

microbes and their role in biological fixation to 

supply the developed plants by their required N. 

These results agree with those obtained by Sid-

diqui (2004) who reported that Azotobacter not 

only provides nitrogen, but also produces a variety 

of growth promoting substances among which are 

indol acetic acid, gibberellins and B vitamins; these 

substances stimulate, at least to some degree, the 

production of root exudates. In addition, other im-

portant characteristic of Azotobacter associated 

with plant improvement is excretion of ammonia in 

the rhizosphere in the presence of root exudates 

(Narula and Gupta, 1986).  

Favorable effect of mycorrhizal fungi on availa-

ble P values, on the other hand, may be attributed 

to their essentiality for enhancing root surface area 

which could improve P availability in soils as a re-

sultant of more chances given for adsorption of P 

on either the surface of plant roots or on hyphea of 
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mycorrhizal fungi and thus saving from interactions 

with different environmental conditions and let it 

more suitable to be released into soil to finally re-

sult in better ion balance. Important role of Mycor-

rhizal fungi (Malajczuk and Cromack, 1982), in 

producing several organic acids such as citric and 

oxalic acids which should lead to decrease in soil 

pH that would increase element availability, should 

not be ignored. The role of root exudates for solu-

bilizing calcium phosphates should be taken in 

consideration. The superiority of both "M" and "P" 

treatments was recorded by Wu et al (2005) who 

found that AMF colonization as well as P- solubiliz-

ing bacteria can play an important role in improving 

P bioavailability. However, the effect of P-

solubilizing bacteria was less significant when 

compared with AMF. In spite of absorption of both 

N and P from the soil by grown plants, the indicat-

ed high available values of both indicated elements 

in soil, reflected the ion balance occurring as a 

resultant of element release from the applied or-

ganic manures through their decomposition pro-

cess especially in the presence of nitrobein mi-

crobes and mycorrhizal fungi; of course, all used 

biofertilizers, particularly mycorrhizal fungi are ex-

pected to give more chances for suitable condi-

tions process through enhancing root growth.  

"B" treatments, particularly "Z+P+M", had high-

er available values of both N and P, compared to 

"A" treatments. Higher values obtained with both N 

and P due to bio- fertilizers combinations of "B" 

treatments, particularly "Z+P+M" treatment, are 

possibly attributed to higher numbers of living mi-

croorganisms and their efficient role in increasing 

the availability of both indicated elements through 

improvement of decomposition process of organic 

matter initially present in soil or produced from the 

applied organic manures. These results may go 

along with those of Narula and Gupta (1986) who 

found that dual or more combinations of biofertiliz-

ers were more efficient in increasing element 

availability than single inoculation. 

Addition of rock phosphate to "A" treatments, 

(i.e."C" treatments), again, gave higher values; the 

highest values of available N were, however, en-

countered with "Z+R'' treatment, correspondent 

highest values of available P being obtained with 

"M+R'' treatment. Correspondent effect for rock 

phosphate added to combinations of biofertilizers 

(i.e. "D" treatments) improved the role of the con-

cerned combinations ("B" treatments), particularly 

"Z+P+M+R" whose available values of both N and 

P were the highest. Enhancement effect of rock 

phosphate application, particularly, if combined 

with bio-fertilizer applied separately, is probably 

due to efficient interactions between the concerned 

rock phosphate and used biofertilizers especially 

nitrobein for N and mycorrhizal fungi for P. Im-

portance of rock phosphate as a source for P, re-

quired by both concerned microorganisms and 

developed plants, reflected on ion balance and 

thus giving a balanced diet for the applied bio-

fertilizers should not be ignored. Interactions be-

tween roles imposed by both high numbers of mi-

croorganisms in combinations form and presence 

of rock phosphate (''D" treatments) are of im-

portance for activity of both plants and such micro-

organisms to release more available elements from 

the concerned applied manures, rock phosphate 

and sparingly soluble salts initially present in soil. 

Finally, it may be worth to mention that, bio-

fertilization, particularly with "Z+P+M" treatment 

seemed to be a suitable technique for nutrient 

availability, addition of rock phosphate being bene-

ficial. In addition, there is an importance for select-

ing the suitable applied microorganisms in order to 

help in providing the developed plants by their re-

quirements of essential elements, nitrobein and 

mycorrhizal fungi being the most suitable for both 

N and P, respectively. It may be also worth to men-

tion that, responses of N to the applied practices 

were more obvious than those of P possibly due to 

the relatively high initial available P in soil. 

With regard to responses of available iron, as 

representative for micronutrients, to the studied 

treatments, obtained data revealed an almost simi-

lar pattern to those of N and P. In spite of that; 

such responses were different to N, "M" along with 

"M+R" treatments being the superior instead of "Z" 

and "Z+R" treatments. Obtained results may be, 

again, attributed to the important role of mycorrhi-

zal fungi in improving root growth along with ex-

tension of its biomass in soil which should be re-

flected on more aeration required by both useful 

microorganisms and grown plants; depressing soil 

pH as a resultant of organic acids produced by 

mycorrhizal fungi may be other possibility. Besides, 

interactions between roles imposed by both higher 

numbers of microorganisms and presence of rock 

phosphate, release of Fe from FePO4 into soil so-

lution seemed to be also obvious. Relatively initial 

high Fe content of the used organic manures along 

with their application practices are of importance.  

Frequent presence of both Fe and P together in 

several compounds, particularly those of iron 

phosphate, phosphate adsorbed on both CaCO3 

and seequeoxides R2O3 along with some clay min-

erals should not be ignored. Besides, it is well 
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known that responses of both Fe and phosphates 

to changes in soil pH are generally similar (Singh 

and Dahiya, 1980). 

Finally, with regard to responses of available 

lead, as representative for heavy metal pollutants, 

to the designed treatments, obtained results 

showed that values of available Pb form in all stud-

ied treatments, similar to all studied nutritional el-

ements N, P and Fe, were higher compared to 

those of original untreated soil (Table 1), but, dif-

ferent from the indicated nutritional elements, had 

lower values than "cont 3" treatment which was, 

however, the inferior among all control treatments 

with "cont 2" being the highest. Superiority of the 

studied treatments, compared to the original un-

treated soil, may be a resultant of applied fertiliza-

tion design involving the use of manuring interact-

ing with natural resource of rock phosphate and 

presence of biofertilizers. Their inferiority, com-

pared to "cont 3", on the other hand, may be at-

tributed to the favorable effect of both rock phos-

phate and biofertilizers on development of grown 

plants which should be more efficient in absorption 

of elements including Pb whose renewal of availa-

ble form from the difficulty available one, different 

to studied nutritional elements, seemed to be rela-

tively slow as to finally result in its depletion from 

soil. Inferiority of "cont 3", compared to other con-

trol treatments ("cont 1" and ''cont 2") is possibly 

due to effects of applied inorganic fertilizers which 

should be contaminated with different pollutants 

such as Pb; other possibility may be the presence 

of organic materials in "cont 3" which may help in 

plant development, particularly root which may 

grow better with more chances for releasing exu-

dates able to enhance the mobility and absorption 

of its indicated Pb. Lower values of "cont 1" com-

pared to "cont 2", on the other hand, may be a 

resultant for absence of manure extracts; in spite 

of that, "cont 3" was the inferior even if compared 

to "cont 1" due to organic source of the former and 

inorganic source of the latter. These results were in 

accordance with those obtained by Zawardzka et 

al (1990) who found that inorganic fertilizers con-

tain high concentration of heavy metals which may 

represent a major source of contamination for both 

soil and developed vegetables, as to suggest the 

safety of organic manures compared to inorganic 

fertilizers. Usman et al (2004) mentioned that or-

ganic matter makes strong bonds with heavy met-

als including Pb and thus decreased their availabil-

ity. In fact, all mentioned practices seemed to be 

interacting as to give the indicated variations 

among different treatments.  

"A" treatments, particularly "M", compared to 

"cont 3", had lower values of available Pb possibly 

due to the previously mentioned role of microor-

ganisms, directly or indirectly, on the organic mat-

ter behavior of the soil as to create strong bonds 

with present Pb regardless the known favorable 

effect on root growth. In fact, Liao et al (2003) 

pointed out that corpuscles of mycorrhizal fungi 

may accumulate certain heavy metals as to be 

relatively non available for plants; such effect was 

dependent on the concerned element and mycor-

rhizal type. Combinations of the used bio-fertilizers 

"B" treatments, particularly "Z+P+M", showed no 

great differences in values of available Pb, which 

were relatively higher compared to the separate 

addition of such biofertilizers ("A" treatments) pos-

sibly due, again, to the role of high numbers of 

living microorganisms in increasing availability of 

the studied elements; in fact, bio-fertilizers seemed 

to help each other, particularly if containing mycor-

rhizal fungi, when being in combinations, in the 

indicated favorable effect on Pb availability. 

Application of rock phosphate to "A" treatments 

(i.e."C" treatments), particularly "Z+R", improved 

the role of applied biofertilizers for increasing Pb 

availability possibly due, again, to the role of Azo-

tein microbes in improvement the mineralization 

process of organic matter initially present in the soil 

or produced from the applied organic manures; 

besides, rock phosphate, which is considered a 

source for P required by the applied microorgan-

isms, should be expected to help solubilization of 

elements such as Pb which may be presented ini-

tially in the applied rock phosphate as contami-

nants. "M" treatment was the lowest probably due 

to the previously mentioned role of mycorrhizal 

fungi in improvement root growth as well as their 

biomass and thus reflected on more efficient ab-

sorption or adsorption for the concerned element. 

Correspondent activating role of rock phosphate to 

biofertilizer combinations ("D" treatments), particu-

larly "Z+P+M+R", gave relatively higher Pb values, 

compared to both "B" and "C" treatments possibly 

due, again, to the interactions between applied 

rock phosphate and high numbers of used bioferti-

lizers.  

It may be worth to mention that Pb behavior, 

regarding responses to the studied treatments, 

was, as expected, generally different from that of 

Fe due to the variations in their chemical features 

as to give different chemical behavior for both ele-

ments. Of course, interactions among different 

elements, particularly the studied two elements Pb 

and Fe, should be taken in consideration.  
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It may be also worth to mention that, separate 

application of biofertilizers especially mycorrhizal 

fungi, particularly when accompanied with organic 

manure residues as well as spray of their extracts 

on the plant biomass, seemed to have a definite 

role in limiting the availability of Pb directly or indi-

rectly through effects of absorption, adsorption, 

translocation and retention processes of Pb within 

both plant roots and soil. Besides, such bio-

fertilizers appeared to be generally favorable for 

increasing availability of the studied elements of N, 

P and Fe. Accordingly, recommendations should 

be introduced, emphasizing the importance of bio-

fertilization as a suitable technique particularly with 

the known fact of its economical returns.                                                                               

Finally, a comparison between the studied soil 

chemical features and those of element availability 

showed that the responses of the latter to the stud-

ied treatments were more affected than those of 

the formers, possibly due to the relatively short 

period of the present study as to be not enough for 

great changes. 
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