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ABSTRACT: The present work was planned to study the influence of bio — organic additives
(i.e. compost (CM) and farmyard manure (FYM), as organic fertilizers and Bacillus megaterium
(Bm) and Bacillus polymyxa (Bp), as biofertilizers) on calcium solubilization from rock phosphate
in sandy and alluvial clayey soils. Pot experiment was conducted in a greenhouse of the
Environmental Studies and Research Institute (ESRI), University of Sadat, Menoufia
Governorate, Egypt during summer season of 2014.

The experiment was laid out in a complete randomized design (CRD) arrangement with three
replications. Each soil bulk was divided into portions, each was assigned to one treatment, and
each treatment replicated 3 times. Rock phosphate, as insoluble calcium source was added at a
rate of 4 gm kgt. Compost or FYM was added at a rate of 2% organic carbon (OC) to each soil.
Each pot was contained 500 g of the soil mixed with rock phosphate and organic fertilizer. Bm
or Bp was added to each potted soil at a level of 2 ml of culture suspension. Different
parameters were determined along the periods of incubation (120 days).

Results showed that, all added amendments increased calcium solubilization in both soils with
time of incubation. Soil pH values were decreased with incubation time up to 60 days. EC dSm*
and soil CO: release rate significantly increased in both soil as an indicator of increasing the bio
activity and calcium solubilization in the soil solution by increasing the incubation time. The
highest increasing rate of soil EC and CO: release were obtained with added bio-organic
fertilizer mixture than each one alone. Soluble calcium in the soil solution raised with the
individual additions of organic or biological with prolonging the incubation time, according to the
descending order CM > FYM, Bm > Bp. The order for the effect of the common treatments was
followed: CM + Bm > CM + Bp, FYM + Bm > FYM + Bp. Overall total comparison, the
descending order was followed: CM + Bm>CM + Bp > FYM + Bm > FYM + Bp > CM > FYM >
Bm > BP. The single application of each bio-and organic fertilizers showed the following
increases mean values of calcium solubilization compared to the control (W.B.O.): CM (88.89 &
98.26%), FYM (57.78 & 68.70%), Bm (20.00 & 26.09%) and Bp (4.44 & 9.57%), for the sandy
and alluvial clayey soils, respectively. Incorporation of CM or FYM plus each of the biofertilizers
greatly augmented calcium solubilization, as compared with the single additive of each of the
bio-organics. The highest increases rates induced by using any of CM or FYM each with Bm,
reached 166.67 & 128.89% and 197.39 & 147.83% above their control (W.B.0O.) treatment in the
sandy and alluvial clayey soils, respectively.

Key words : Rock phosphate, Calcium solubilization, Soil properties, Compost, Farmyard
manure, Bacillus megaterium, Bacillus polymyxa.

INTRODUCTION physiological activities. So, calcium is a

Calcium (Ca) is one of the major secondary nutrient that is critical to crop
nutrients, its an essential nutrient for growth development. It is needed in large amounts
and productivity of plants. It plays an by all plants for the formation of cell walls
important role in plants in  many and cell membranes, and it plays a vital role
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in soil structure. Due to the immobility of
calcium in the soil and plant tissues, a
continuous supply must be present for plants
to access ( Marcherer, 1995). Calcium can
also be added to soil fertility programs and
applied in irrigation water to ensure
adequate levels are spoon fed to the plant.
Monitoring soil calcium levels and sampling
plant tissue can help you make good
management decisions for proper calcium
fertilization ( Marcherer, 1998).

The direct application of rock phosphate
is generally successfully used where (i) local
sources represent an economically viable
option, a situation often found in developing
countries, ; (i) properties of soil-cropping
systems offer conditions favorable for
dissolution of phosphate rock (Nishanth and
Biswas, 2008). Commercial rock phosphate
occurs in nature as deposits of apatites (P
bearing minerals) along with other accessory
minerals such as quartz, silicates,
carbonates, sulphates, sesquioxides etc.
Four types of rock phosphate minerals are:
Carbonate apatite [3Casz(P0O4)2.CaCOs],
Fluoro apatite [3Cas (POa)2.CaFz], Hydroxy
apatite  [3Cas(P0Oa4)2.Ca(OH)2],  Sulpho
apatite [3Cas (PO4)2.CaS04]. The apatites
of igneous and metamorphic origin are
generally regarded as less reactive because
of their well developed crystalline form.
However, the apatites of sedimentary rock
deposits are soft minerals possessing micro-
crystalline structure and are of major
commercial importance for direct application
in the soil (Kiran and Phogat, 2008).

Himani and Sudhakara, (2011) found that
to enhance the fertilizer value of rock
phosphate (RP) in alkaline soils, the
phosphate (P) solubilizing fungus Penicillium
oxalicum was isolated from the rhizosphere
soil of rock phosphate mine landfills and
tested for its efficacy to solubilize rock
phosphate, as well as promotion of the
growth of wheat and maize plants grown in
soil amended with RP. The results showed
that P. oxalicum effectively solubilized RP in
Pikovskaya's medium and released higher
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amount of phosphorus. The solubilization
was increased with increase in concentration
of RP. Field experiments showed that
inoculation of P. oxalicum significantly
increased the growth and yield of two
consecutive crops i.e. wheat and maize
compared to the control soil. The P content
was significantly increased in the plants. The
available P and organic carbon levels
increased in RP amended soil inoculated
with P. oxalicum compared to the control
soil. It was found that the P. oxalicum along
with RP can substitute the chemical fertilizer
in alkaline soil and help in improving the
crop production.

have been
the  microbial

mechanisms
proposed explain

solubilization of P compounds. The
mechanisms consist of: (i) release of
inorganic and organic acids produced during
organic residue decomposition; (ii) excretion
of protons due to NH/ assimilation by
microorganisms; (iii) formation of complexes
between organic acids/anions with cations
(APR*, Fe®*, Ca?) (Whitelaw, 2000 and
Hameeda et al., 2006)

Several
to

Increase in soil P availability may be
caused by several reactions involving
microorganisms that produce organic acids
and humic substances (Stevenson, 1986).
Presumably, these substances can replace
or compete with Pi ions for sorption sites. In
addition, Lopez-Bucio et al. (2007) reported
that Bacillus megaterium (a known PSM)
promoted plant growth and stimulated root
branching of Arabidopsis thaliana.

That may be ascribed to release Ca from
the added fertilizers into the tested soil, also
to the release of CO2 as a result of added
organic materials decomposition, forming
carbonic acid. This acid, in turn, might form
a soluble calcium carbonate salt in soil
(Barber, 1995 and Brady and Weil, 2008)

This investigation was carried out to
study the effect of individual and combined
applications of organic and bio fertilizers on
soil pH, EC, calcium solubilization from rock
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phosphate and soil respiration under sandy
and clayey soils conditions.

MATERIALS AND METHODS
Soils sampling

Soil samples were collected from the
surface layer (0 - 30 cm) of two locations in
Menoufia Governorate of Egypt:
1. Sandy soil, from the Experimental Farm

of the Environmental Studies and
Research Institute, Sadat University,
Sadat City.

2. Alluvial clayey sail, from the Experimental
Farm of Faculty of Agriculture, Menoufia
University, Shibin El - Kom.

Soil samples were air - dried, separately
grounded and sieved through a 2-mm sieve
and well mixed. Routine analyses for some
physical and chemical characteristics of the
soils were performed, following the standard
methods stated by Cottenie et al. (1982) and
Klute (1986), and the data are presented in
Table (1a and b).

Rock phosphate

Rock phosphate (Fluorapatite, CaioF2
(POa4)s, was used as a source of insoluble
calcium and phosphate mineral fertilizer,
having a pH value 7.9 (1 : 25 , water
suspension ), total calcium was 42.11 % and
total phosphorus was10.5%.

Table (1a): Chemical properties of the tested soils (sandy and alluvial clayey soil).

Soluble ions meq / 100 g soil

Cations

anions

pH
Sus.1:2.5

Mg++

Na*

HCOs | CI

0.05

0.10

0.36

0.58

Soil content of macronutrients

Total concentration (%)

Soluble concentration mg kg-1

CEC meq./100g Soil
organic matter %

Table (1b): Physical properties of the tested soils (sandy and alluvial clayey soil).

Soil moisture %

% Particle size distribution

Water

holding Field

capacity

capacity

Sand

Textural Class

Silt Clay

30

18

88.50

8.90 2.60 Sandy

60

36

25.00
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Organic fertilizers

Compost (CM) and farmyard manure
(FYM) were chosen as a sources of organic
fertilizers. Chemical analysis of organic
fertilizers were carried out according to the
methods described by Cottenie et al. (1982),
and presented in Table (2).

Bio-fertilizers

The microorganisms, Bacillus
megaterium (Bm) and Bacillus polymyxa
(Bp) were employed herein as phosphate
solubilizing bacteria (PSB). Such agents
were obtained from the Biofertilizers
Production Unit of the Agric. Microbiol.
Dept.,, Soils, Water and Environ. Res.
Inst.(SWERI) Agric. Res.  Center (ARC),
Giza, Egypt.

Preparation of the bio-fertilizers

The strains of either Bacillus megaterium
or Bacillus polymyxa were pre-cultured on
nutrient agar media, then each was grown in
a nutrient broth liquid medium for 2 days at
30°C. The suspended cultures were then
centrifugated at 1000 rpm for 30 min., at
10°C. The sediment was re-suspended in 5
ml sterilized 0.8 % KCI solution (w/v). The
bacterial suspension was again shaken for 5
min. (Collins and Lyne 1980). These
suspensions were introduced as biofertilizer
inoculants.

The experiment was conducted at the
greenhouse of the Environmental Studies
and Research Institute (ESRI), at the
University of Sadat, Menoufia Governorate,
Egypt during summer season of 2014 under
greenhouse conditions. Rock phosphate

was applied at a rate of 4 g Ca/kg soil (4.75
g from rock phosphate/pot), CM or FYM, as
sources of organic fertilizers were applied at
a rate of 2% organic carbon basis (57.9 g or
76.9 g/pot from CM or FYM respectively).
Plastic pots were used, each contained 500
g of the treated soil. The potted soils then
received each biofertilizer agent, at a rate of
2 ml/pot (containing 103-10* cell ml-*per ml).
Each experimental treatment was replicated
three times. Moisture content of the potted
soils was kept at the field capacity of each
soil. Pertinent chemical and biological
associating attributes of the treated soils had
been determined at intervals along 120 day-
incubation period at the ambient
temperature. These determinations were
carried out at 0, 15, 30, 45, 60, 75, 90, 105,
and 120 days of incubations according to
Cottenie et al. (1982).

Experimental treatments
So, this study included the following ten

treatments :

1. Control (W.B.O): Soil + rock phosphate
(RP) without bio-organics.

2. Soil + Rock phosphate (RP) + Compost
(CM).

3. Soil + Rock phosphate (RP) + Farmyard
Manure (FYM).

4. Soil + Rock phosphate (RP) + Bacillus
megaterium (Bm).

5. Soil + Rock phosphate (RP) + Bacillus

polymyxa (Bp).

Soil + RP + CM + Bm.

Soil + RP + CM + Bp.

Soil + RP + FYM + Bm.

Soil + RP + FYM + BP.

© x» N

Table (2): Chemical properties of the organic fertilizers used .

Organic fertilizers

Organic | Total N Total P

C% % %

Compost ( CM)

17.28

Farmyard manure ( FYM)

* pH :In the 1 : 10 water suspension.

13.01

**E C, dSm™‘In the 1 : 10 water extract.
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Microbial activity in soil

To assess the microbial activity in soil,
the daily evolution rate of CO2 had been
measured every 15-day intervals up to 120
day- experimental duration, according to the
procedure of Paul and Clark (1996). 20 g of
each potted soil, at each interval, was
placed in a pored polyethylene bag. The
filled bag was hung to a hook connected
with the lower surface of a rubber stopper,
which was fitted precisely to the neck of a
500-ml conical flask. Exactly 25 ml of 0.5 N
NaOH solution were pipetted into each flask,
to absorb the released COz. The flasks were
immediately closed with the stoppers
hanging the soil bags, to provide an air-tight
condition. The flasks were incubated at 25°
C for 24 hours. The sodium hydroxide
solution was then back titrated with 0.5 HCI
in presence of 5 ml BaCl: (40%) and
phenolphthalein indicator. NaOH flasks
without soil bag were used as reference
controls.

Concentration of CO2 (mg / g soil / time
24 h) was estimated according to the
following formula:

(Vg —v) — (vy— V)] X 1.1
dsw

CO, (mg/sw/t) =

Where: (sw) is the amount of soil used in
grams, (t) is the incubation time in hours,
(Vo) is the NaOH aliquot volume in milliliters,
(v) is the HCI milliliters used for titration, (vc)
is the HCI volume used for titration of the
control NaOH , (dsw) is the dry weight of 1.0
g soil, and (1.1) is the conversion factor (1
ml 0.5 N NaOH consumed equals 1.1 mg
CO2).

Calculations

Raw results ( analytical data ) of the
various treatments were further calculated
on the dry weight basis of the used
substrates.

Rates of the relative changes of results
(as percent RC %) ware calculated for the
mean value listed for each treatment for all

A%
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intervals, referring to the mean results of the
control (W.B.O.) ( Soil with RP and no bio-
organics):

Mean resultofthe particulartreatment - Mean resultof the control W.B.0"

Mean resultof the control

Statistical analysis

The experiment was laid out in a
complete  randomized design (CRD)
arrangement with three replications. The
data obtained were statistically analyzed
(LSD, at 0.05&0.01), according to the
method outlined by Sendecor and Cochran
(1980).

RESULTS AND DISCUSSION
Effect of the bio-organic additives
on soil reaction (pH)

Changes in the soil reaction (pH) of
sandy and alluvial clayey soils as a resolute
applications of the bio-organic amendments,
i.e. compost (CM) and farmyard manure
(FYM), Bacillus megaterium (Bm) and
Bacillus polymyxa (Bp), within 120 days of
experimental duration for both tested soils,
are shown in Table (3). All soil treatments
decreased the soil pH, especially at the first
intervals up to 60 days of incubation time.
Incorporation of CM or FYM diminished the
pH values at first then modestly moved up
towards the end of experimental period, The
CM induced a lower values than the FYM.
Introduction of the bio-fertilizers, Bm and Bp,
revealed the same trend, but at somewhat
higher values, whereas Bm was mostly more
effective on lowering the pH value than Bp.
Combinations of the organic and bio-
fertilizers showed inconsistent changes of
the pH values. However, the dual
applications of CM + Bm (or Bp) were
generally more active in reducing the pH
value than that of FYM correspondents. This
was the case in both soils tested. Generally,
changes of the pH values of both soils
detected throughout the experimental period
were inconsiderable.
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Table (3): Effect of the bio-organic additives on soil reaction (pH) in the rock phosphate
treated sandy and alluvial clayey soils.

Incubation times (Days)

Treatments *
30

45

60 75 90

pH value in tre

ated sandy soi

7.95

8.05

8.10 | 8.14

7.63

7.51

7.56 | 7.61

7.70

7.62

7.60 | 7.68

7.78

7.68

7.72 | 7.18

7.76

7.71

7.80 | 7.92

Bm 7.43

7.21

7.28 | 7.35

4 g Calkg soil as RP

Bp 7.61

7.50

741 | 7.44

Bm 7.52

FYM

7.50

7.62 | 7.61

Bp 7.60

7.52

7.40 | 7.53

General Mean 7.69

value in

7.62

treated alluvial clayey soll

7.65 | 7.65

7.72

7.82

7.86 | 7.90 | 8.10

7.41

7.22

7.20 | 7.33 | 7.60

7.48

7.40

731 | 7.30 | 7.55

7.60

7.55

753 | 7.60 | 7.66

7.61

7.58

7.76 | 7.81 | 7.93

Bm 7.32

7.30

721|720 | 7.15

4 g Cal/kg soil as RP

Bp 7.38

7.32

730 | 7.60 | 7.68

Bm 7.40

FYM

7.43

750 | 7.66 | 7.95

Bp 7.48

7.45

7.48 | 7.56 | 7.66

General Mean 7.51

* Control (Soil pH at without any additions),

7.48
RP (Rock Phosphate Fluorapatite), W.B.O. (without bio-

749 | 757 | 7.71

organic addition), CM (compost), FYM (farmyard manure), Bm (Bacillus megaterium), Bp (Bacillus

polymyx).

The initial pH values of the experimental
substrates, soils and organic fertilizers
(Tables 1 and 2) contributed to the
alterations of pH values recorded within the
duration of study. Moreover, amount added
and composition of the used organics, i.e.
compost and farmyard manure determined
their rate of decomposition (particularly the
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C/N ratios) and contents of salts, which ware
reflected on the release of carbonic and
organic acids at the first intervals of
incubation time, then liberation of mineral
elements latter on.

This explains the decrease of pH value at
first, and the recovery occurring later on, as
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the rate of breakdown had declined by
elapse of time. It was also reported that
phosphate dissolving bacteria produce a
number of organic acids that could
participate in decreasing the pH value in soil
(Khan et al., 2007). In this regard, it is
assumed that extent of phosphate
solubilization extent and pH change in soil,
as influenced by the bio-organic treatments,
are governed by the net difference between
the rates of organic acids formation and their
decay in soil medium.

Effect of bio-organic additives on
soil EC (dS m™)

Soil EC values (dS m?), as effected by
applications of using bio-organic additives
(CM, FYM, Bm and Bp) during 120 day-
incubation period of both treated soils, are
presented in Table (4). The gained data
revealed that, all the employed amendments
resulted in progressive mostly significant
increases of soil EC at all soils with
incubation time. Incorporation of CM or FYM
raised the levels of EC in the sandy soil by
RC values of 20.00 and 32.50% compared
to the control, respectively. On the other
hand, introduction of the biofertilizer Bm
slightly increased the EC concentration (RC,
7.50%), but the Bp showed mostly no
alterations. The highest values of EC were
obtained by the dual addition of both organic
and bio-fertilizers. Combination of CM + Bm
gave higher values than the double
treatment of CM + Bp, as they gave RC
values 45.00 and 40.00%, in order.
Likewise, combination of FYM + each of Bm
or Bp raised the contents of EC, but at
somewhat lower values than those of the
CM. Extents of increases, referring to the
control treatment were RC 37.50 and
40.00%, for FYM + Bm and FYM + Bp,
respectively. The mean RC value of the bio-
organic additions collectively was 20.00%
(Table 4).
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Values of EC (dS m?) in the alluvial
clayey soil exhibited a similar trend to that of
the sandy soil, when increased with the time
of incubation (Table 4). Effect of CM and
FYM, as organic fertilizers, and Bm and Bp,
as bio-fertilizers, augmented the level of EC
in soil solution. Such increases reached RC
values of 31.18 and 40.86 and 10.75 and
4.30 %, respectively. Incorporation of the
combined additives of the bio-organic
fertilizers, significantly raised the soil EC
(dSm™) in the alluvial clayey soil (Table, 4),
as they gave RC values of 59.14, 51.61,
79.57, and 65.59%, referring to the control
treatment, for CM + Bm, CM + Bp, FYM +
Bm and FYM + Bp, respectively. The mean
RC value for the bio-organic additions
recorded 32.26% collectively.

Composition of each of the submitted
organic fertilizers determined their rate of
mineralization in the tested soils. For
instance, the narrower C:N ratio of compost
(CM) hastened the degradation rate of its
organic compounds, as compared with the
farmyard manure (FYM) Table (2). Presence
of cattle dung and urine, as well as a soll
portion (clay and silt) (as a bedding material)
within the makeup of farmyard manure,
contributed to some extent to the relatively
higher contents of salts in the experimental
components. Data appearing in Table (2)
confirm this interpretation. Breakdown of the
organic compounds composing the added
organic fertilizers eventually results in
accumulation of mineral elements and thus
the contents of EC are elevated in the soil
medium (Barber, 1995 and Brady and Weil ,
2008).

Participation of the bio-fertilizers in such
concern was confined to their moderately
activation of the decomposition of organic
fertilizers added. Rates of EC relative
changes (RC) principally depended on soil
properties, whereas the clayey soil exhibited
higher values of EC-RC than the sandy soils
(Tables 1 and 4).
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Table (4): Effect of the bio-organic additives on soil EC (dS m™) in the rock phosphate
treated sandy and alluvial clayey soils.

Incubation times (Days)

15 1 30 | 45| 60 | 75 ] 90 | 105

Treatments *

Soil EC (dSm-1) in treated sandy soil

0.3010.31)10.33]0.35]10.360.40]10.46]0.51

0.34]0.35]10.38]|0.38]10.460.48]0.61]0.65
0.34]0.3810.40]0.41]10.56|0.54]0.65]0.73

0.3110.3310.35]0.35]0.39|0.44]10.53]0.56
0.3110.3210.33]0.35]0.37]0.41]10.48]0.52
Bm ] 0.37]0.38]0.49]0.48|0.51]0.60]0.73]0.81
Bp ] 0.38]0.38]10.46|0.45]0.50|0.57]0.70 | 0.76

4 g Ca/kg soil as RP

Bm ] 0.44]10.44]10.52]10.54]0.54]0.66]0.42]0.43
Bp | 0.42]0.41]050]0.42]0.57]0.62]0.79]0.89

FYM

General Mean ]0.3510.36]10.41]0.40]0.460.51]10.58]0.63

L.S.D, at 0.05 (0.07 ) and L.S.D, at 0.01 (0.10).

Soil EC (dSm-1) in treated alluvial clayey soil

0.72]0.7610.80]0.84]0.95]1.08]1.20 | 1.33
08510911092 |1.05]1.18|152]|1.65]|1.77
0.88]0.9611.00|1.13|1.35]1.67]|1.98]|1.98

0.7810.82]10.84]1090]1.08]1.31]1.36]1.48
0.7410.76 1 0.80 | 0.8710.99]1.17]1.29]1.40

Bm 095]11.06]11.10|1.27]155]1.94]2.17]2.38
Bp 092]11.05]11.05|1.21]11.48]1.83]2.01]2.26

4 g Cal/kg soil as RP

Bm 1.0211.15]11.22|1.42|1.76]2.23]255]|2.75
Bp 094]11.08|113]1.31]|1.63]2.08]2.27]2.49

FYM

General Mean 0.85]0.92]1096]1.07}]1.28]1158]1.75]1.89

L.S.D, at 0.05 (0.9 ) and L.S.D, at 0.01 (0.13).

* Treatments, W.B.O. [Soil EC at without bio-organic addition (control)], RP (Rock Phosphate
Fluorapatite), CM (compost), FYM (farmyard manure), Bm (Bacillus megaterium), Bp (Bacillus
polymyx).

** RC: Rate of relative changes of the results , referring to the control W.B.O.

Noteworthy that, accumulation of TSS as process, since most of those salts are plant
EC (dSm-1) in soil, as long as their presence nutrients, deriving from organic matter
is at a moderate level, is a beneficial mineralization.
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Effect of bio-organic additives and
rock phosphate treatments on
soluble calcium content in soils.

The tabulated data (Table 5)
demonstrated that, all of the applied
treatments  significantly increased the

soluble calcium contents progressively in
both soils by advancing the experimental
time. Incorporation of CM or FYM raised the
soluble calcium content in the sandy soil by
RC value of 88.89 and 57.78 % compared to
the control (W.B.O.), respectively. On the
other hand, introduction of the bio-fertilizers
Bm or Bp to the same soil improved calcium
release from the rock phosphate, and from
organic fertilizers and soil as well, to reach
RC 20.00 and 4.44%, respectively. The
uppermost RC rates of soluble calcium in
the sandy soil were induced by the
combined additions of the bio- and organic
supplements, CM + Bm and followed by CM
+ Bp to be 166.67 and 142.22 % comparison
with the control, respectively. Likewise, dual
application FYM and any biofertilizer
stimulated calcium solubility, but at rates
lower than the corresponding ones of CM.
The increases above the control, expressed
by the RC rates were 128.89 and 111.11 %
for FYM + Bm and FYM +Bp, respectively.
The mean RC value of all treatments of the
sandy soil was 68.89 % above their control
(W.B.O.).

The alluvial clayey soil featured a trend
similar to that occurred for the sandy soil
regarding the influence of the experimental
treatments on the contents of soluble Ca.
Addition of CM or FYM, as organic matter
sources, and Bm and Bp, as biofertilizers,
achieved increases of the soluble calcium
contents in the clayey soil reaching RC rates
of 98.26, 68.70, 26.09 and 957 %
comparison with the control (W.B.O.), for
CM, FYM, Bm and Bp, respectively ( Table
5). Incorporation of the combined additives
of the bio-organic sources significantly
augmented the contents of soluble calcium
in the alluvial clayey soil, when gave RC
rates of 197.39, 161.74, 147.83 and
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130.43% comparison with the control
(W.B.O.), for CM + Bm, CM + Bp, FYM +
Bm and FYM + Bp, respectively. The mean
RC rate of the total treatments of the alluvial
clayey soil was 80.87%, referring to the their
control (W.B.O.).

1. Short chain fatty acids given off via the
recovery of organic materials may form
soluble simple organic calcium salts.

2. The phosphate solubilizing bacteria are
known to be efficient biological agents on
producing a number of organic acids that
participate in mobilization of calcium in
soil medium.

Collectively, the fine soil texture, pH
value around neutrality, adequate water
content and soil enrichment with organic
matter and bio-fertilizers have powerfull
impacts on the solubility of calcium in soil.

Accordingly, the proper characteristics of
the clayey soil, in the present study,
provided a suitable medium for calcium
solubility, than the sandy soil. More and
above, the preferential makeup of compost
(CM), i.e. narrower C\N ratio, near-neutral
pH value and lower EC content are behind
its superiority upon the farmyard manure
(FYM). Efficiency of the species Bacillus
megaterium (Bm) on producing organic
acids excelled that of Bacillus polymyxa
(Bp). Combinations of the bio-organic
fertilizers showed better results of Ca
solubility than the single additions of each.
Compost combinations surpassed the
farmyard counterparts (Sanyal and Datta,
1991 and Sagoe et al., 1998).

Effect of bio-organic additives on
microbial activity in soils (soil
respiration)

Changes in soil respiration (carbon dioxide
evolution), as a measure of the overall
microbial activity in soil, under the impact of
bio-organic additives are presented in Table
(6), data exhibited that, all the applied
amendments significantly accelerated soil
respiration with time in the sandy soil.
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Incorporation of CM or FYM increased the other hand, introduction of the bio-fertilizers
rate of CO2 evolution to attain RC by values Bm or Bp improved soil respiration in the
were about 51.82 and 33.97 % compared to same sandy soil by RC about 15.93 and
the control (W.B.O.), respectively. On the 6.53%, respectively.

Table (5): Effect of bio-organic additives and rock phosphate treatments in sandy and
clayey soils on soluble calcium content (meq 100 g soil).

Incubation times (Days)
Treatments *

0 15 1 30 | 45 ] 60 | 75 | 90 | 105 | 120

Soluble Ca (meq 100 g soil) in treated sandy soil

0.18]0.20]0.2510.31]0.34]10.47]0.63]0.77
0.29]0.40]0.4410.47]10.96]10.86]1.20]1.44
0.30]0.32]0.39]10.40]0.65]0.68]1.08]1.20
0.19]0.25]0.3210.31]0.43]10.57]0.84]0.94
0.19]10.2210.2410.300.35]10.480.67]0.81
Bm | 0.56 | 0.46]0.83]10.66]0.86]1.21|1.99] 2.02
Bp J]0.50]056]0.76]0.58]0.78]1.11]1.60]1.91
Bm]0.36]041]0.75]0.90]10.74]11.03]1.45]1.69
Bp |0.41]0.39]0.65]052]0.98]10.98]1.35]1.54

4 g Cal/kg soil as RP

FYM

General Mean 0.31]0.33]0.48]0.4610.63]10.77]11.13]1.29

L.S.D at 0.05 (0.05 ), and L.S.D, at 0.01 (0.08)

Soluble Ca (meq 100 g-1 soil) in treated alluvial clayey soil
0.46]10511061]0.73]10.87]1.20|1.60|1.97]2.37
0.80]1098]|1.24]1.35]1.75]2.45]|3.43|4.11]|4.40
0.83]10.8911.08]1.11}11.52]1.93]|297|3.37]3.76
0.51]10.69]0.80]0.85]1.05]1.58]|2.30]|2.46]2.84
0.481055]10.62]0.74]10.96]1.33|1.86|2.23]2.57
Bm|1.22]11.40]1.79]2.01|2.62]3.67]5.15]6.16|6.80
Bp ]1.10]|21.17]11.58|1.74]2.30]3.29]4.69]5.29|5.97
Bm|1.08|1.20|1.52]1.65|2.19]|3.07|4.29]5.01|5.67
Bp 1]1.08]1.11|154]151]1201]2.87|395]|4.51]5.30

4 g Ca/kg soil as RP

FYM

General Mean ]0.78]0.88]1.12|1.21|1.58]2.22]3.15]3.64|4.11

L.S.D at 0.05 (0.08 ), and L.S.D, at 0.01 (0.12)

* Treatments, W.B.O. [Soil soluble Ca at without bio-organic addition (control)], RP (Rock Phosphate
Fluorapatite), CM (compost), FYM (farmyard manure), Bm (Bacillus megaterium), Bp (Bacillus polymyx).
** RC: Rate of relative changes of the results , referring to the control W.B.O.
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Table (6): Rates of CO:2 evolved (mg g soil 24 h'? ) from the rock phosphate treated
sandy and alluvial clayey soils, as affected by the bio-organic additives at
different incubation periods.

Incubation times (Days)
Treatments *

0 15| 30 45 60 75 90 105 | 120

CO: evolved (mg g* soil 24 hl) in treated sandy soil

3.39]13.56]| 3.90 |1 429 | 468 | 5.33 |1 6.29 | 7.40 | 8.08
4.29|5.01]1 5.33 | 5.66 | 8.23 | 8.32 |10.44]11.69]12.22
4.16|4.48]1 490 | 5.27 | 6.62 | 7.19 | 9.31 |10.07]10.86
3.55]3.91] 445|458 | 550 | 6.38 | 8.15 ] 8.65 | 9.20
3.50]3.721 392 | 433 | 481|577 ]| 7.19]8.02]8.71
Bm|]6.22]5.93]| 7.68 | 7.55 | 8.87 |11.09]15.35]115.86]17.16
Bp 15.8016.26| 7.13 | 6.65 | 7.90 | 9.95 |13.01}14.73]15.60
Bm]4.86]5.15| 6.76 | 7.73 | 7.46 | 9.28 |11.80]13.29]14.46
Bp |4.8214.82] 6.09 | 5.73 | 8.03 | 8.53 |10.91]11.98|13.23

4 g Cal/kg soil as RP

FYM

General Mean |4.35]4.59] 5.34 | 5,53 | 6.58 | 7.61 | 9.75 |10.71|11.52

L.S.D at 0.05 ( 0.60 ), and L.S.D, at 0.01 (0.90)

CO:2 evolved (mg g* soil 24 h'1) in treated alluvial clayey soil

4.76]14.98] 5.38 | 592 | 6.62 | 8.02 | 9.88 |11.17]|12.46
6.26]16.85] 7.74 | 8.32 | 9.82 |12.38]16.13]18.31]19.37
6.07]6.36] 7.03 | 7.37 | 8.85 |10.55]14.29]115.69]17.01
5.03]5.63] 6.07 | 6.42 | 7.30 | 9.30 |12.09]12.83|14.07
490|5.18] 5.49 | 6.05 | 6.98 | 8.52 |10.76]12.07]13.21
Bm]8.38]9.03]10.51]11.65|13.89|17.75|22.86]26.03]28.13
Bp|7.7418.08| 9.44 110.21|12.27|15.79]20.88]22.98|25.17
Bm|]7.30]7.89] 8.86 | 9.74 |11.59]14.72]19.01]21.51]23.61
Bp]7.01)7.22| 8.56 | 8.75 |10.55]13.53]17.47]19.35]21.77

4 g Cal/kg soil as RP

FYM

General Mean ]6.16]6.55] 7.37 | 7.94 | 9.33 |11.70]|15.14]16.85|18.37

L.S.D at0.05(1.02), and L.S.D, at 0.01 (1.61)

* Control (CO2 evolved at without any additions), RP (Rock Phosphate Fluorapatite), W.B.O. (without bio-
organic addition), CM (compost), FYM (farmyard manure), Bm (Bacillus megaterium), Bp (Bacillus
polymyx).

** RC: Rate of relative changes of the results , referring to the control W.B.O.

The highest RC values of CO: evolution organic amendments, i.e. CM + Bm were
in the sandy soil were obtained by superior and descendingly followed by CM +
submitting the dual additives of bio and Bp, as they gave RC rates 104.03 and
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85.60% above their control (W.B.O)),
respectively. Combinations of FYM with any
bio-fertilizer also increased soil respiration,
but at lower extents than the CM
counterparts, as the gained values, in
comparison with the control (W.B.O.), were
of RC 72.36 and 58.16% for FYM + Bm and
FYM + Bp, respectively. The mean RC rate
of the total bio-organic treatments was
40.69% compared to their control (W.B.O.)

Resembling results of the sandy soll
were detected for the alluvial clayey soil,
concerning the pattern of CO2 evolution, but
at higher rates (Table 6). Addition of
compost (CM) or farmyard manure (FYM),
as organic fertilizers, and Bacillus
megaterium (Bm) or Bacillus polymyxa (Bp),
as bio-fertilizers, all increased the soll
respiration, to reach RC rates of 52.02,
34.72, 13.78, and 5.72%, respectively,
above their control (W.B.O.) treatment.

Application of the combined additives of
bio-organic substrates, significantly
encouraged the discharge of CO:2 in the
alluvial clayey soil, inducing RC rates of
114.17, 91.55, 79.45 and 65.02% compared
to the control (W.B.0O.), with CM + Bm, CM +
Bp, FYM + Bm and FYM + Bp, respectively.
The mean RC rate of the total bio-organic
treatments was 43.69% referring to their
control treatment (W.B.O.).

Evolution of COz: is the major outcome of
organic matter decomposition in soil, as it
represents the  respiration of the
chemoorganotrophic microorganisms
dominating in soils. Hence it reflects the
biochemical activity in a soil. The
heterotrophic microorganisms, including the
phosphate dissolving bacteria, derive their
carbon and energy from organic sources,
and thus all participate in the breakdown of
such materials and emission of COa:.
Consequently, the applied bio-organic
fertilizers favour the availability of phosphate
in soil, also via formation of carbonic acid
from the produced CO2, as well as other
organic acids (Barber, 1995 and kiran and
Phogat, 2008).
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CONCLUSION

The results of this work reveals the
importance of rock phosphate as a source of
calcium in both sandy and alluvial clayey
soils. The soullization of calcium from rock
phosphate increased greatly when these
soils treated by bio and organic
amendments individually or in combination.
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