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HE PRESENT work was planned to study the influence of bio-

organic additives, i.e. compost “CM” and farmyard manure
“FYM?”, as organic fertilizers, Bacillus megaterium “Bm” and Bacillus
polymyxa “Bp”, as biofertilizers, on phosphate solubilization and
certain attributes in sandy and alluvial clayey soils, periodically along
120 day incubation, in pot experiments, under greenhouse conditions.

Results showed that, all added amendments increased phosphate
solubilization in both soils with time of incubation. Incorporation of
CM or FYM plus each of the biofertilizers greatly augmented
phosphate solubilization, as compared with the single additive of each
of the bio-organics. The increases resulted by using CM or FYM each
with Bm, reached 105 & 62% and 88 & 51% above the control
treatment in the sandy and clay soils, respectively. Treatments
included the Bp, either alone or collaborated, despite their positive
action, they gave lower values than those of the Bm.

Addition of CM or FYM slightly decreased the pH values of both
soils, at the first period and somewhat had recovered towards the end
of experimental duration. However, all amendments revealed
inconsistence among the applied treatments on soil reaction “pH
value”, generally within the succeeding intervals of incubation time.
Nevertheless, the organic fertilizers generally excelled the bio-
fertilizers, as well as combinations of the bio-organic treatments were
thus more efficient in such concern (modifying the soil pH).
Introduction of CM or FYM, each with Bm increased the
concentration of the total soluble salts “TSS” by 48 & 59% and 65 &
80% above the control, in the sandy and clayey soils, respectively.
Combination between the CM or FYM with the Bm resulted in lower
increases, i.e. 40 & 52% and 55 & 66%, evolution rate of
CO2augmented progressive with incubation time, when the clay soil
excelled the sandy one, as the extents were 114 & 92% and 76 & 65%
for CM+Bm, CM+BP, FYM+Bm and FYM+BP, respectively.
Generally, the single addition of each of the bio-organic fertilizer was
lower effective than the combined treatments.

Keywords: Compost, Farmyard manure, Bacillus megaterium,
Bacillus polymyxa, Total soluble salts,CO, evolution.
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Organic matter plays an important role in improving the physical, chemical and
biological properties of soils. It substantially contributes to the fertility of sail
providing plant nutrient via its decomposition, by increasing cation exchange
capacity and water holding capacity, as well as its buffering action (Tisdale
et al., 1993). Phosphorous is an essential nutrient for growth and productivity of
plants. It plays an important role in plants in many physiological activities such
as cell division, photosynthesis, energy reaction, and development of good root
system and utilization of carbohydrate. Microorganisms enhance the P
availability to plants by mineralizing organic Pin soil and by solubilizing
precipitated phosphates (Chen et al., 2006). Dissimilation of phosphate from
organic compounds takes place through the enzyme” phosphatase” which is
present in a wide variety of soil microorganisms . Plant can absorb phosphate
only in soluble form. The transformation of insoluble phosphate into soluble
form is carried out by a number of microbes present in the soil. A large fraction
of soil microbes can dissolve insoluble inorganic phosphates present in the soil
and makes them available to the plants (Youssef et al., 1999). Release of P by
PSB from its insoluble and fixed / adsorbed forms is an important aspect
regarding P availability in soils. There are strong evidences that soil bacteria are
capable of transforming soil P to forms available to plants (Richardson, 2001).

The present work was designed to study the impact of bio-organic fertilizers,
namely compost and farmyard manure as organic fertilizers, and Bacillus
megaterium and Bacillus polymyxa as biofertilizers, on phosphate solubilization
from the rock phosphate added to alluvial and sandy soils. Other concerned soil
attributes were also tested.

Materials and Methods

Materials employed
Soils
Soil samples were collected from the surface layer (0-30 cm) of two locations
in Minufiya Governorate of Egypt, namely:
1) Sandy soil, from the Experimental Farm of the Environmental Studies &
Research Institute, University of Sadat City.
2)  Alluvial non- saline soil, from the Experimental Farm of the Faculty of
Agriculture, Minufiya University, Shibin EI - Kom.

Soil samples were analyzed, following the standard methods stated by
Cottenie et al. (1982), and Klute (1986), and the data are presented in Table 1.

Rock phosphate

Rock phosphate “Fluoro apatite, CayoF,(POy)e”, was used as a source of
insoluble phosphate mineral fertilizer, having a pH value 7.9 (1 : 2.5, water
suspension ) and phosphorus content of 10.5%.
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TABLE 1. Physical and chemical properties of the soils tested.

465

Property Sandy soil Alluvial soil
Sand 88.5 25.0
Particle size distribution,% Silt 8.9 28.2
Clay 2.6 46. 8
Textural grade Sandy Clayey
W.H.C., % 30 60
pH, 1:2.5 (soil: water susp.) 7.81 7.58
C E C, meq 100 g Soil 6.90 29. 80
E.C, dSm™ (1:5, soil: water extr.) 0.28 0. 62
Ca*™* 0.11 0.28
g Mg™* 0.05 0.36
€5 Na* 0.13 2.45
2 Cations K* 0.01 0.15
© o Cl 0.03 0.48
g3 Anions HCO3 0.10 0.58
3 cos” - -
S04~ 0.15 2.09
CaCOs3, % 2.37 2.10
Organic matter,% 0.60 1.42
Total N, % 0.05 0.15
Total P, % 0.03 0.10
Total K, % 0.15 0.31
Soluble N, mgkg® 13.9 58.11
Soluble P, mg kg™ 8.53 11.04
Soluble K, mg kg™ 60.10 270.00

Organic fertilizers
Compost “CM” and farmyard manure “FYM” were chosen as sources of
organic fertilizers. Data of chemical analysis of these organic sources are
presented in Table 2.

TABLE 2. Chemical properties of the organic fertilizers used .

Organic pH E.C ** Organic | Total N C:N Total | Total
fertilizers * dSm? C% % ratio P% | Ca%
S((’:T/E’,?St 762 | 246 17.28 1.21 143 | 052 | 061
Farmyard
manure 7.86 5.10 13.01 0.72 18.1 0.32 1.12
13 FYM”

* pH :In the 1 : 10 water suspension.

Biofertilizers
The microorganisms, namely Bacillus megaterium “Bm” and Bacillus
polymyxa “Bp” were employed herein as phosphate solubilizing bacterial agents.

**E.C, dSm™‘In the 1 : 10 water extract.
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Plan of work

The experiments were conducted in the research greenhouse of the Soil
Improvement Authority, Minufiya Branch. Samples of the sieved sandy or
clayey soil were thoroughly mixed with the powdered rock phosphate, at a rate
of 1000 ppm P (mg Kg soil™®), and CM or FYM, as sources of organic fertilizers
at a rate of 2% organic carbon basis. Plastic pots were used, each contained 500
g of the treated soil. The potted soils then received each biofertilizer inoculum,
at a rate of 2ml/ pot (containing 10% -10* cell mI™ per ml). Each experimental
treatment was replicated three times. Moisture content of the potted soils was
kept at the field capacity of each treated 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.

Preparation of the biofertilizers

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 30min., at 10°C. The sediment was re-suspended in 5 ml sterilized
0.8 % KClI solution (w/v). The bacterial suspension was again shacken for 5 min.,
(Collins and Lyne, 1980). These suspensions were introduced as biofertilizer
inoculants.

Experimental treatments

1-  Control: Soil without any mineral P or bio-organic additives.
2-  1“W.B.O0”i.e. Soil + Rock phosphate "RP" without bio-organics.
3-  Soil + Rock phosphate "RP"+ Compost “CM .

4-  Soil + Rock phosphate "RP"+ Farmyard manure "FY M".
5-  Soil + Rock phosphate "RP" +Bacillus megaterium "Bm".
6-  Soil + Rock phosphate "RP"+ Bacillus polymyxa "Bp".

7-  Soil + RP + CM + Bm.

8-  Soil + RP+ CM + Bp.

9-  Soil +RP + FYM + Bm.

10- Soil + RP + FYM + BP.

Periodical laboratory measurements
Soil samples of each pot, were subjected to the following determinations
every 15 day- intervals, up to 120 days.

Chemical assessments

The methods noted by Cottenie et al. (1982) had been carried out, as follows:

1) Organic carbon “O.C”: by Walkely and Black method.

2) Soluble phosphates: by the Bray P-2 method, using NH,4F+ HCI solution,
following the Olsen method using 0.5 M NaHCO; for extraction.

3) Soil reaction “pH”: in the 1:2.5 soil: water suspension, using pH —meter.

4) total soluble salts” EC” in the 1:5 soil —water extract, using an electrical
conduct meter.
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Overall microbial activity in soil (soil respiration)

To assess the overall microbial activity in soil, the daily evolution rate of CO,
had been measured every 15-day intervals up to 120 day experimental duration,
according to the procedure of Paul and Clark (1996) , by traping the CO, evolved
from the differently treated soils in NaOH solution , in an air —tight device, and
back titration with HCL using BaCL, .

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 % “were calculated
for the mean value listed for each treatment for all intervals, referring to the
mean results of the control “W.B.O “ ( Soil with RP and no bio-organics):

" Mean result of the particular treatment - Mean result of the control 'W.B.0° -
= X
n Mean result of the control

Statistical analysis
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 soluble phosphate contents in soils
Changes in the contents of soluble phosphtes by using the bio- organic
additives, i.e. compost “CM” and farmyard manure “FYM”, as well as Bacillus
megaterium “Bm” and Bacillus polymyxa “Bp”, periodically along 120 day-
incubation, in the sandy and clayey soils, are presented in Table 3( a & b). It is
revealed that, all of the experimental amendments significantly increased
phosphate solubilization from its insoluble rock phosphate “RP* in both soils
with time of incubation. Data of Table (3a) show that, incorporation of CM or
FYM increased the contents of soluble phosphorus, in the sandy soil to be
expressed by the rates of relative change “ RC ” giving 48 & 32% respectively,
above the control without bio-organics “W.B.0”, respectively. On the other
hand, introduction of the biofertilizers ”Bm” or “Bp” improved phosphate
solubilization from the source (RP) in the same soil by RC values of 21 & 12%,
respectively. The greatest values of solubilized P were obtained by incorporating
the dual addition of bio-and organic fertilizers. Application of CM with Bm gave
the highest values, followed by CM + Bp, where RC values were 105 & 82%,
respectively. Likewise, combination between FYM and any of the biofertilizers
tested promoted phosphate solubilization, but the values were lower than those
of the compost mixed with either bacterial strain. Increases, expressed by the RC
values were 62 & 42%, referring to the control treatment, using FYM mixed with
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Bm and FYM with Bp, respectively. The mean value of RC for all of the bio-
organic treatments collectively was 38% above the mean value of the control
“W.B.O” (without bio-organic addition).

TABLE 3a. Effect of the bio-organic additives on phosphate solubilization in the
rock phosphate treated Sandy soil.

Incubation Time (Days)

o=
trentmente | ‘ 15 ‘ 30 ‘ 45 ‘ 60 ‘ 75 ‘ 90 ‘ 105 ‘ 120 | £ §
Soluble Phosphorus “P” (ppm), a- Sandy soil =3 o
Control “0% 1953 |8 g8 [9.15 [10.16 [10.72 |11.14 [11.93 [12.85 [14.26 | 10.85 | RC
(soil native P) ** 0/5)
“W.B.0” |9.62 [10.10 [10.81 [11.89 |13.56 |14.13 [16.17 [19.58 [20.66 | 14.08
~ CM 12.52| 14.18| 15.10| 16.41| 19.69| 23.25| 27.69| 29.15/ 29.56] 20.84 | 48
é& FYM 11.31) 12.88) 13.71] 15.98| 17.75| 20.66| 23.50| 25.26| 26.43] 18.61 | 32
€| Bm 10.36| 10.88| 12.64| 13.80| 16.59| 18.37 22.71| 23.23 24.39] 17.00 | 21
i 2| Bp 10.03] 10.53| 11.27| 12.40| 14.13| 16.82| 21.02| 22.49| 23.62] 15.81 | 12
£ §| oy |BM | 17.64 1853 1982 23.70| 26.97| 31.78| 37.97 4052 43.24 28.91 105
gs Bp | 16.65 17.86) 18.04| 10.84| 22.62 26.91| 33.64| 36.00| 38.80] 25.60 | 82
S “|FY |Bm |14.11)14.82] 15.86] 17.94 20.89| 24.68) 29.58| 32.65 34.23 22.75 | 62
~ |M |Bp |12.60]13.23| 14.15| 15.57| 17.75| 21.12| 26.40| 28.25| 30.66| 19.97 | 42
Mean 12.34] 13.19| 14.05| 15.77| 18.07| 20.89| 25.06| 27.00 28.58 19.44 | 38

LSD, at0.05(1.71) & L.S.D, at0.01 (2.23).

*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 same trend was observed for the clayey soil, where the soluble
phosphorus contents increased progressively with time of incubation to give the
highest values on the 120" day (Table, 3b). Results also declared that, all
treatments augmented the phosphate solubilization from its insoluble form (RP).
Addition of CM or FYM, as sources of organic matter, together with Bm or Bp,
as bio-fertilizers, improved phosphate solubilization, to reach the RC values of
88, 67, 51 and 31% by applying CM + Bm, CM +Bp, FYM +Bm and FYM +Bp,
respectively.

The mean RC value for the mean RC value of all treatments was 28% above

the control “W.B.O”. In this connection, the sandy soil showed higher rates of
phosphate solubilization than the clayey soil.
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TABLE 3b. Effect of the bio-organic additives on phosphate solubilization in the
rock phosphate treated Clay soil.

Incubation Time (Days)

0 [ 1530 [ 45 ] 60 [ 75 [ 90 [ 105 120 c%’g
* g5
Treatments Soluble Phosphorus “ P “ (ppm), b- Clayey Soil 528
Control “ 0 «
(soil native P) 11.0411.60| 12.41| 13.65| 14.56( 16.52 19.14/ 20.76/ 21.00|  15.63 | pc wx
“W.B.0” |11.77]12.36| 13.22| 14.54 16.58 19.73] 24.66] 26.39] 27.71] 1855 | (%)
El CM 15.35( 16.12[17.25]18.97] 21.63 25.78 32.67| 34.82 36.54] 24.35 | 31
€3 [FYM 13.83[ 14.52| 15.54] 17.09] 19.49] 23.19 28.99/ 31.02| 32.57] 21.80 | 18
Ex | Bm 12.67]13.30] 14.23( 15.65| 17.85| 21.24] 26.55] 28.40{ 29.82]  19.97 8
=2 [Bp 12.27|12.88[13.78] 15.16] 17.28] 20.57| 25.71 27.51| 28.88] 19.34 | 4
; S | op [Bm_[21.57]22.65] 25.24] 28.68| 32.40] 38.67] 45.76( 48.46[ 50.80| 34.92 | 88
S8 Bp [19.63]20.61] 22.06( 24.26] 27.66| 32.91] 41.14[ 44.02[ 46.22] 30.95 | 67
ST | pypIBm | 17.26[18.92]19.50| 22.83] 25.32/29.94/ 36.17| 39.70[ 41.64] 27.93 | 51
S Bp |15.41]16.18[17.31{19.04] 21.70] 25.83] 32.29[ 34.55[ 36.27] 24.29 | 31
Mean 15.08[ 15.91] 17.06] 18.99] 21.45] 25.44[ 31.31] 3356/ 35.14] 23.77 | 28

LSD,at0.05(2.25) & L.S.D,at0.01(2.98).

* 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 data above noted indicated that, the phosphates extracted from the sandy
or clayey soil treated with either organic matter source (compost CM” or
farmyard manure “FYM”) and\ or phosphate solubilizing bacteria (Bacillus
megaterium “Bm” or Bacillus polymyxa “Bp”), increased with time from the
insoluble source (rock phosphate). Similar results were found by Das et al.
(1995), who noted that phosphorus extractability increased with organic
materials decomposition reaction period and substantial portion of the added
phosphorus had been mineralized within 60 days of incubation. They added that
after 120 days, the released phosphorus detected was more than the phosphorus
added through sorghum residue at 50% field capacity condition. The effect of
compost or farmyard manure application, as organic matter source, in the present
study, on rock phosphate solubilization increased the soluble phosphate contents
in both soils (sandy and clayey) with incubation time. This result is due actually
to organic matter decomposition during which organic P is mineralized and
released in soluble form, as well as production of carbonic and organic acids that
plays a significant role in mobilizing the insoluble phosphate. Similar results
were reported by Singh and Amberger (1997), as they found that humic and
fulvic acids increased the solubility of rock phosphate, regardless, the effect of
Bacillus megaterium and Bacillus polymyxa, as phosphate solubilizing bacteria,
fulvic acids had 80% higher phosphorus solubilizing capacity than humic acids.
The lower positive response of the clayey soil (RC value) to the applied bio-
organic additives, than the sandy soil, could be due to its sorption- desorption
capacity, controlling the equilibrium dynamics of phosphates in soil solution
(Lindsay, 1979).
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Nahas (1996), Khan et al. (2007) and Muhammad & Maram (2012)
concluded that phosphate solubilizing bacteria “PSB” and organic fertilizers
were effective on solubilizing rock phosphate, by decreasing the pH of the soil
treated with rock phosphate, through production of carbonic and organic acids.
Moreover, the polycarboxylic organic metabolites might hinder the activity of Ca
cations via chelating reaction, in favour to P solubilization.

Phosphorus sorption occurs primarily by the covalent bonding of phosphate
ions to hydrous oxides of cations. There are many reactions involving cations in
soils, however the discussion here is limited to those cations that significantly
contribute to P solubility. In alkaline soils, calcium carbonates, as well as iron
oxides are involved with P sorption, aluminium phosphates to convert to calcium
phosphates. In the pH range 6-6.5, several phosphate minerals can coexist, these
include varisite, strengite, CaHPO,. 2H,0, CaHPO, and Ca4H(PO,),. This
appears to be the pH range in which phosphates are most available to plants.
Desorpation will also occur usually from the more labile pools releasing P back
into the soil solution (Lindsy, 1979).

Enhancing the availability of soil inorganic P to plant uptake is an important
research subject, as well as with practical aspects. Reactive rock phosphates can
provide a less expensive alternative to manufactured P fertilizers, but they are
only slowly soluble in most soils. Direct application of natural phosphate may
arise out of economic necessity, as in developing countries, or as part of an
environmentally sound approach to soil nutrient plants, as in biological and
organic production. Hence, there is a need to increase the effectiveness of low-
reactive phosphate rocks. In general , the availability of nutrients contained in
natural minerals depends on many factors, some of which are soil type, soil
reaction (pH) , soil solution composition, plant species and types and ratios of
microorganisms (Taalab and Badr, 2007).

It is well established that, application of rock phosphate is not economically
feasible, particularly at soil conditions characterized by a high P sorption
capacity, low cation exchange capacity, high pH, low rainfall, low organic matter
content, and low microbial activity (Simpson et al., 1997 and Vassilev et al.,
2006). Such conditions are typically the case the Egyption soils (alluvial,
calcareous and sandy). For these reasons, various strategies for RP solubilization
have been recently proposed with an increasing emphasis on application of P-
solubilizing microorganisms.

Effect of the Bio-organic Additives on Soil Reaction” pH”

Changes in the soil reaction “pH” by using 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 (sandy and clayey ), are shown in Table 4. All soil treatments slightly
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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, with the CM giving
lower values than the FYM. Introduction of the biofertilizers, revealed the same
pattern, but at somewhat higher values, whereas Bm was mostly more effective
on lowering the pH value than Bp. Combinations of the organic and biofertilizers
showed inconsistent changes of the pH values. However , the dual application of
CM+Bm (or BP) were generally more active in reducing the pH value than their
FYM correspondents. This was the case in both soils tested. Generally, changes
in the pH values of both soils detected throughout the experimental period were
inconsiderable.

The initial pH values of the experimental substrates, namely soils and organic
fertilizers (Tables 1 & 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
decomposition (particularly the C/N ratios) and contents of salts, which were
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 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 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.

Worth mentioning that, in the pH range 6-6.5, several phosphate minerals can
coexist, these include varisite, strengite, CaHPO,. 2H,0, CaHPO, and Ca;H
(PQO,),. This appears to be the pH range in which phosphates are most available
to plants. Desorption would also occur usually from the more labile pools
releasing P back into the soil solution (Lindsay, 1979).

It is well established that, the initial properties of arid soils, particularly
texture, original pH value, cation exchange capacity and contents of each of
organic matter, CaCO3 and soluble salts, are of prime roles, positively
(decreasing ) or negatively (increasing ), in alteration of pH value under any
modifying treatments( Brady and Weil, 2008).

The buffering capacity of the finely textured soil rich in organic matter limits
the drastic changes of pH values that might occur under some circumstances.
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TABLE 4 a & b. Effect of the bio-organic additives on soil reaction (pH) in the rock
phosphate treated sandy and clay soils.

Incubation Time (Days)
0 [ 15[ 30 [ 45 [ 60|75 00[u105]120

Treatments *

Mean
pH
value

a- Sandy soil

Control “0* 1781 |7.85 |7.88 [7.04 [7.98 |8.00 [8.02 [8.02 |8.03 | 7.95
(Soil native pH)

@ | “wB.0” | 783 7.87| 795 8.05] 810] 814 834] 836 839| 812
%:; cM 777 |7.75 |763 |7.51 |7.56 761 |7.81 |7.78 (780 | 769
£ [Frym  [779 [7.75 [770 762 [7.60 |768 |7.80 |77 |782 | 7.72
% | Bm 7.80 |7.80 [7.78 |[7.68 |772 [7.18 [7.90 798 [812 | 777
T2 [Bp 780 [7.78 |7.76 [7.71 [7.80 [7.92 801 |814 [828 | 791
gg oy [Bn_[770 [762 [743 [721 [728 [735 [735 [748 [760 | 744
£ Bp |7.72 |7.70 |761 |750 |7.41 [7.44 |760 763 760 | 757
g cpg B _|778 [766 [752 |750 [762 |761 [780 [812 [801 | 762
= Bp |7.83 |7.76 |7.60 |752 [7.40 753 |792 [8.10 [822 | 776

b- clayey soil

Control “ 0 “

. . 758| 762| 765| 7.71| 7.75| 7.77| 7.79| 7.79 | 7.80 7.72
(Soil native pH)

“W.B.O” | 7.60| 7.64| 7.72| 7.82| 7.86| 7.90| 8.10| 8.12| 8.15 7.88

o CM 754|752 741| 722| 720| 7.33| 7.60| 7.71| 7.82 7.48
o

€3 FYM 756| 7.60| 7.48| 7.40| 7.31| 7.30| 7.55| 7.82| 8.02 7.56
g ? Bm 757)| 7.63| 760| 755| 7.53| 7.60| 7.66| 7.82| 8.10 7.67
f_ % Bp 778 7.63| 7.61| 758| 7.76| 7.81| 7.93| 8.15| 8.15 7.82
é% oM Bm | 7.52| 741| 7.32| 7.30| 7.21| 7.20| 7.15| 7.33| 7.68 7.34
§ = Bp | 755| 7.42| 7.38| 7.32| 7.30| 7.60| 7.68| 7.66 | 7.72 7.51
- EYM Bm | 7.56| 7.48| 7.40| 7.43| 750| 7.66| 7.95| 7.98| 8.10 7.67

Bp | 756| 7.51| 7.48| 7.45| 7.48| 7.56| 7.66| 8.00| 8.11 7.64

*W.B.O. (without bio-organic addition), CM (compost), FYM (farmyard manure), Bm (Bacillus
megaterium), Bp (Bacillus polymyx).

Effect of the bio-organic additives on concentration of total soluble salts in soil

Concentration changes of the total soluble salts “TSS”, as affected by using
the bio-organic additives , i.e. compost “CM” and farmyard manure "FYM” ,
Bacillus megaterium “Bm”, Bacillus polymyxa “BP” during 120 day-incubation
period of both treated soils (sandy and clayey), are presented in Table 5. The
gained data revealed that, all the employed amendments resulted in progressive,
mostly significant, increases of the concentration of TSS in the soils with
incubation time. Incorporation of CM or FYM raised the levels of TSS in sandy
soil by RC values of 20 & 33% above the control, respectively (Table 5a). On
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the other hand, introduction of the biofertilizers Bm slightly increased the TSS
concentration (RC, 8%), but the Bp showed mostly no alterations. The highest
values of TSS 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 of 48 & 40%, in order. Likewise,
combination of FYM+ each of Bm or BP raised the content of TSS, but at
somewhat higher values than those of the CM. Extents of increases , referring to
the control treatment were RC 65 & 55% , for FYM+ Bm and FYM+ Bp,
respectively. The mean RC value of the bio-organic additions collectively was
25 % (Table 5a).

Contents of TSS in the clayey soil exhibited a similar trend to that of the
sandy soil, when increased with the time of incubation (Table 5b). Effect of CM
& FYM, as organic fertilizers, and Bm& BP, as bio-fertilizers, augmented the
level of TSS in soil solution. Such increases reached RC values of 28 & 40 and
11 & 4%, respectively.

TABLE 5a. Effect of the bio-organic additives on concentration of the total soluble
salts “TSS” in the rock phosphate treated sandy soil.

Incubation Time (Days)

0 15 30| 45 60 75 90 | 105 | 120
Treatments *

Mean
TSS
(EC, dSm™)

Total Soluble Salts ”TSS” Concentration (EC, dSm™)

RC **

Control 0% | 581 029 030] 0.31] 0.32| 0.35| 0.40| 0.42| 043| 034 | (%)

(Soil native TSS)

“W.B.0” 0.30| 0.31| 0.33| 0.35| 0.36| 0.40| 0.46| 0.51| 0.55| 0.40

Bp | 042| 0.41| 0.50( 0.42| 057| 0.62| 0.79| 0.89| 043 | 0.62 55

Y 0.34| 0.35|0.38| 0.38| 0.46| 0.48| 0.61| 0.65| 0.70| 0.48 20
% FYM 0.34| 0.38] 0.40| 0.41| 056 | 0.54| 0.65| 0.73| 0.77| 053 33
£ |Bm 0.31| 0.33] 0.35| 0.35| 0.39 | 0.44| 0.53| 0.56| 0.59| 043 08
[-™

% |Bp 0.31| 0.32]0.33| 0.35| 0.37| 0.41| 0.48| 0.52| 056| 0.40 00
=]

é oM Bm | 0.37| 0.38| 0.49| 0.48| 0.51| 0.60| 0.73| 0.81| 0.89| 059 48
£ Bp | 0.38| 0.38| 0.46| 0.45| 0.50| 0.57| 0.70| 0.76 | 0.83| 0.65 40
°E“ Bm | 0.44| 044 | 052| 0.54| 0.54| 0.66| 0.42| 0.43| 1.00| 0.66 65
S |FYM

{="

>

=

—

Mean 0.35]| 0.36| 0.41| 0.40| 0.46| 0.51| 0.63| 0.68| 0.72| 0.50 25

L.S.D,at0.05(0.07) & L.S.D,at0.01(0.10).

*W.B.O.(without bio-organic addition), CM ( compost ), FYM ( farmyard manure), Bm (Bacillus
megaterium), Bp (Bacillus polymyxa).

**RC: Rate of relative changes of the results , referring to the control “ W.B.O .
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Incorporation of the combined additives, i.e. the bio- organic fertilizers,
significantly raised the contents of TSS in the clayey soil, as they gave RC
values of 59 & 52 and 80 & 62%, referring to the control treatment, for CM+Bm,
CM+Bp, FYM+Bm, FYM+BP, respectively. The mean RC value for the bio-
organic additions recorded 32% collectively.

TABLE 5b. Effect of the bio-organic additives on concentration of the total soluble
salts “TSS” in the rock phosphate treated clayey soil.

Incubation Time (Days)
0| 15 30| 45| 60| 75| 90 105 120 T
Suan
* ST
Treatments Total Soluble Salts *TSS” Concentration (EC, dSm™) | = J
Control *0* 0.62| 0.66| 0.69| 0.71| 0.74| 0.82| 0.96| 1.00| 1.04| 081 |RC**
(Soil native TSS) | : : : : : : ' : ' (%)
é “W.B.0” | 0.71| 0.72| 0.76| 0.80| 0.84| 0.95| 1.08| 1.20| 1.33| 0.93
olem 0.82| 0.85| 0.91| 0,92| 1.05| 1.18| 1.52| 1.65| 1.77| 1.19 28
2 |FYm 0.83| 0.88| 0.96| 1.00| 1.13| 1.35| 1.67| 1.98| 1.98|  1.30 40
.E Bm 0.72| 0.78] 0.82| 0.84| 0.90| 1.08| 1.31| 1.36| 1.48|  1.03 1
% |Bp 0.72| 0.74| 0.76| 0.80| 0.87| 0.99| 1.17| 1.29| 1.40| 097 04
=]
é oM Bm | 0.91| 0.95| 1.06| 1.10| 1.27| 1.55| 1.94| 2.17| 2.38| 1.48 54
£ Bp | 0.91| 0.92| 1.05| 1.05| 1.21| 1.48| 1.83| 2.01| 2.26| 1.41 52
o Bm | 0.96| 1.02| 1.15| 1.22| 1.42| 1.76| 2.23| 2.55| 2.75| 1.67 80
E |Fym
2> Bp | 0.92| 0.94| 1.08| 1.13| 1.31| 1.63| 2.08| 2.27| 2.49| 154 66
S [ Mean 0.82| 0.85| 0.92| 0.96| 1.07| 1.28| 1.58 1.74| 1.89| 1.23 32

L.S.D,at0.05(09) & L.S.D, at 0.01 (0.13).

*W.B.O (without bio-organic addition), CM ( compost ), FYM ( farmyard manure), Bm (Bacillus
megaterium), Bp (Bacillus polymyxa).

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

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 ”. Presence of cattle dung and urine,
as well as a soil 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 TSS are elevated in the soil medium (Tinsley & Darbyshire,
1984, Parr et al., 1989, Barber, 1995 and Brady & Weil, 2008).
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Participation of the bio-fertilizers in such concern was confined to their
moderately activation of the decomposition of organic fertilizers added. Rates of
TSS relative changes “RC” principally depended on soil properties, whereas the
clayey soil exhibited higher values of TSS-RC than the sandy soils (see Tables 1
and 5a & b).

Noteworthy that, accumulation of TSS in soil, as long as their presence is at a
moderate level, is a beneficial process, since most of those salts are plant
nutrients, deriving from organic matter mineralization.

Effect of the bio-organic additives on microbial activity in soils (soil respiration
"evolution of carbon dioxid")

Changes in soil respiration (CO, evolution), as a measure of the overall
microbial activity in soil, under the impact of bio- organic additives, i.e. compost
”CM” and farmyard manure "FYM”, Bacillus megaterium “Bm” and Bacillus
polymyxa “Bp”, at intervals throughout 120 days of experimental period of
sandy and clayey soils, are presented in Table 6(a & b). Data of Table 6a
exhibited that, all the applied amendments significantly accelerated soil
respiration with time in the sandy soil. Incorporation of CM or FYM increased
the daily rate of CO, evolution to attain RC values of 52 & 34 % above the
control treatment, respectively. On the other hand, introduction of the
biofertilizers Bm or Bp improved soil respiration in the same sandy soil by RC
16 & 7%, respectively.

The highest RC values of CO, evolution in the sandy soil were obtained by
submitting the dual additives of bio- and organic amendments, i.e. CM + Bm
were superior and descendingly followed by CM +Bp, as they gave RC rates of
104 & 86% above the control, respectively. Combinations of FYM with any
biofertilizer also increased soil respiration, but at lower extents than the CM
counterparts, as the gained values, above the control, were of RC 72 & 58% for
FYM + Bm and FYM+ Bp, respectively. The mean RC rate of the total bio-
organic treatments was 41% referring to the control treatment “W.B.0O.”

Resembling results of the sandy soil were detected for the clayey soil,
concerning the pattern of CO, evolution, but at higher rates (Table 6b). 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 soil respiration, to reach RC rates of 52 & 35 and 14 & 6%,
respectively, above the control treatment.

Application of the combined additives of bio-organic substrates,
significantly encouraged the discharge of CO, in the clayey soil, when gave RC
rates of 104 & 86 and 72 & 58% above the control, with CM +Bm, CM+ Bp,
FYM+ Bm and FYM + Bp, respectively (Table 6 b).
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TABLE 6a. Rates of CO, evolved from the rock phosphate treated Sandy soil, as
affected by the bio-organic additives.

Incubation Time (Days) =
0| 15| 30 45] 60| 75| 90| 105] 120|523
LD HE
Treatments * 2 soX
CO, evolved (mg g™ soil 24 h!) SE N
Control “0”
(soil native 2.95| 3.05| 3.23| 3.47| 3.74| 4.23| 5.05| 5.37| 5.72 409 |RC*¥
status ) (%)
. “W.B.O0” 3.39| 3.56| 3.90| 4.29| 4.68| 5.33| 6.29| 7.40| 8.08 5.21
8. CM 429 5.01| 5.33| 5.66| 8.23| 8.32|10.44| 11.69| 12.22 7.91 52
Q:E FYM 4.16| 4.48| 490| 5.27| 6.62| 7.19| 9.31| 10.07| 10.86 6.98 34
g: B.M 3.55| 3.91| 4.45| 4.58| 5.50| 6.38| 8.15| 8.65| 9.20 6.04 16
B—_ ‘qé B.P 3.50| 3.72| 3.92| 4.33| 481| 5.77| 7.19| 8.02| 8.71 5.55 07
£ = cM B.M | 6.22]| 5.93]| 7.68| 7.55| 8.87| 11.09| 15.35| 15.86| 17.16 10.63 104
&é B.P | 5.80| 6.26| 7.13| 6.65| 7.90| 9.95| 13.01| 14.73| 15.60 9.67 86
S A EYM B.M | 4.86| 5.15| 6.76| 7.73| 7.46| 9.28 | 11.80] 13.29| 14.46 8.98 72
S B.P | 482| 482| 6.09]| 5.73| 8.03| 8.53|10.91| 11.98| 13.23 8.24 58
Mean 4.35| 459| 5.34| 553| 6.58| 7.61| 9.75| 10.71| 11.52 7.33 41

L.S.D, at 0.05 (0.60)

&

L.S.D, at 0.01 (0.90).
*W.B.O (without bio-organic addition), CM ( compost ), FYM ( farmyard manure), Bm (Bacillus
megaterium), Bp (Bacillus polymyxa).
** RC: Rate of relative changes of the results , referring to the control “ W.B.O “.

TABLE 6b. Rates of CO, evolved from the rock phosphate treated clayey soil, as
affected by the bio-organic additives.

Incubation Time (Days) 3 g o
0] 15] 30] 45] 60| 75| o0 [ 105] 120| EE 2%
Treatments * I ” oE&F
CO; evolved (mg g™ soil 24 h™) O
Control “0”
(soil native | 4.14| 4.31| 4.65| 5.00| 547 6.41| 7.99| 855| 894| 6.6 | RC
status ) falad
“W.B.0” | 4.76| 4.98| 5.38| 592| 6.62| 8.02| 9.88| 11.17| 12.46 7.69 (%)
% CM 6.26| 6.85| 7.74| 8.32| 9.82| 12.38| 16.13| 18.31| 19.37| 11.69 52
& 3 |FYM 6.07| 6.36| 7.03| 7.37| 8.85| 10.55| 14.29| 15.69| 17.01 10.36 35
g;‘ Bm 5.03| 5.63| 6.07| 6.42| 7.30| 9.30| 12.09| 12.83| 14.07| 8.75 14
‘i 5-'; Bp 4.90| 5.18| 5.49| 6.05| 6.98| 8.52|10.76| 12.07| 13.21 8.13 06
£ "g cM Bm | 8.38| 9.03| 10.51| 11.65| 13.89| 17.75| 22.86| 26.03| 28.13 16.47 114
%2 Bp | 7.74| 8.08| 9.44]10.21] 12.27| 15.79| 20.88| 22.98| 25.17 14.73 92
§ A~ EYM Bm | 7.30| 7.89| 8.86| 9.74| 11.59| 14.72| 19.01| 21.51| 23.61 13.80 79
- Bp | 7.01] 7.22| 8.56| 8.75]10.55| 13.53] 17.47| 19.35| 21.77 12.69 65
Mean 6.16| 6.55| 7.37| 7.94| 9.33|11.70] 15.14| 16.85| 18.37| 11.05 44
LS.D, at0.05 (L.02) &  LSD,at00l (L61)

*W.B.O (without bio-organic addition), CM (compost ), FYM ( farmyard manure), Bm (Bacillus
megaterium), Bp (Bacillus polymyxa).
**RC: Rate of relative changes of the results, referring to the control “ W.B.O “.
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Evolution of CO, 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 overall 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 CO,. Consequently, the applied
bio-organic fertilizers favour the availability of phosphate in soil, also via
formation of carbonic acid from the produced CO,, as well as other organic acids
(Barber, 1995 and Kiran & Phogat, 2008).

It is well established that, phosphorus ”P” plays an indispensable biochemical
role in photosynthesis, respiration, energy storage and transfer, cell division, cell
enlargement and several other processes in the living organisms. An adequate
supply of phosphorus at the first stages of plant growth promotes physiological
functions including early root formation, and is important for laying down the
primordia for reproductive parts of plants. It is vital to seed formation and its
content is higher in seeds than in any other part of the plant. It helps plants to
survive winter rigors and also contributes to disease resistance in some plants.
Also, it is known to improve quality of many fruits, vegetables and grain crops.
Biological nitrogen fixation depends appreciably on the available forms of
phosphorus. Phosphorus is an important structural constituent of nucleic acids,
phytin and phospholipids (Richa, 2003).

The mobility of P in soil is low compared to other plant nutrients because of the
generally low solubility of phosphate compounds and the strong P-binding
capacity of soil material (Sibberson and Sharpley, 1997). Organic P is an important
fraction of soil P, but, because roots take up P in the form of orthophosphate, any
organic P compounds in the soil solution must first be mineralized before the
uptake can happen. The area in the immediate vicinity of the roots “the
rhizosphere”, harbouring various microorganisms, can differ from the bulk soil in
terms of its pH, CO, partial pressure, enzyme activity and cation and anion
activities (Jungk, 1987 and Ghani et al., 1994), and the processes occurring in this
zone determine the immediate availability of P to the plants roots.

Consequently, presence of adequate amounts of soluble phosphate in soil is of
utmost necessity for plant growth and microbial proliferation in favour of a better
crop production. To ensure such situation, application of manures and biofertilizers
to the soil should be a recommended ordinary agricultural practice. Manures
(organic fertilizers) are main sources of organic phosphorus which is released into
the soil via decomposition of its organic compounds. Biofertilizers, represented by
certain microorganisms, participate in phosphate solubility in soil via their ability
to produce a variety of organic acids. As well as, libration of CO, — forming
carbonic acid and various organic acids through the breakdown of applied organic
materials contributes to the solubility of phosphate in soil and other plant nutrients,
as well (Kucey et al., 1989, Kpomblekou & Tabatabai, 1994 and Khan et al.,
2007). Soil properties severely contribute to phosphate availability, particulary via
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texture, pH value and content of CaCO; (Tisdale et al., 1993 and Kiran &
Phogat, 2008). This was the reason of the better results shown by the clayey soil in
most cases than those of the sandy soil, in the present study.
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