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ABSTRACT

The peril of phosphorus wastage from manured soils is more related to phosphorus fraction than the
total phosphorus concentration in manure. Biogeochemical change of different forms of organic and
inorganic phosphorus controls soil phosphorus availability. This study aimed to assess the impact of
different nitrogen fertilizers (slow or fast release mineral, organic and bio) under various incubation
periods (14, 30 and 60 days) on soil phosphorus forms. Under treatment of fast release nitrogen + organic
+ bio fertilizers (FOB), total and organic P increased by increasing incubation period to one month, then
decreased when the incubation period reached two months. The inorganic P decreased as the incubation
period increased while the opposite trend was noticed for available P. The treatments of slow release
nitrogen + organic + bio fertilizers (SOB), fast release nitrogen + organic fertilizers (FO) and slow release
nitrogen + organic fertilizers (SO) realized an increase in both total and organic P by increasing the
incubation period. As the incubation period increased, the SOB, FO and SO treatments decreased the
inorganic P while the available P remained almost constant. Under the OB treatment (organic + bio
fertilizers), both total and organic P were decreased as the incubation period increased. The inorganic P
changed slightly and the available P increased by increasing the incubation period. After 14 days of
incubation period, the low values of C:P ratio (28- 30) that resulted from OB and C treatments maximized
the values of available P (35.51- 36.85 ppm), organic P (247.1 — 258.8 ppm) and total P (314.9 — 331.0
ppm), while reduced the value of inorganic p (67.84- 72.19 ppm) and the opposite trend was true. After
one month incubation period, a decrease in C:P ratio with FO, SO and OB treatments was erved. The
highest values of both total P (351.8 ppm) and available P (40.1 ppm) were recorded at C:P ratio value of
29. The least values of both total P (197.7 ppm) and available P (18.2 ppm) were recorded at 47 C:P.
After two month of incubation period, C:P ratios were less than those at 14 and 30 days incubation period
under all soil treatments. Available P increased as the C:P ratio increased. The highest values of C:P ratio
(35) was recorded at (41.94 ppm) available P value that resulted from FOB treatment. While, the least
values of C: P ratio (28) was recorded at (26.1 ppm) available P value that resulted from FO treatment. It
was noticed that the lowest C:P ratio and the highest value of available P were recorded under OB
treatment.

Keywords: labile organic P; soil organic matter; available P; nitrogen fertilizer.

1. INTRODUCTION inadequacy is an imperative to plant development

Phosphorus (P) is one of the fundamental around the world, especially in arid and semi-arid
macronutrients which are imperative in numerous  regions. Organic phosphorus (OP) amount varies
procedures for energy and production. Soils but often comprises a big fraction of the total
contain inorganic and or organic phosphorus  phosphorus amount in soil. OP can be changed
which is considered the essential sources of  through enzymatic responses, or absorbed
phosphorus to plants. A chief fraction of P existing straightforward by microorganisms. By this
in soil is not willingly available to plants and its manner, P pool is exceptionally dynamic in forms
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that influence both plant take-up and phosphorus
misfortunes. Tillage can affect the mineralization
and decomposition of soil organic matter (SOM)
by changing the physical and chemical properties
of soils and altering the diversity and activity of
the soil microbial community and enzymes, which
in turn affects the concentration and composition
of soil P (Frossard et al., 2000; Quiquampoix and
Mousain, 2005; Richardson et al., 2005; Turner et
al., 2005; Khan and Joergensen, 2009 and Redel et
al., 2011).

Phosphorus forms a relevant strategy to decide
the phosphorus status of soils and to study the
chemistry and genesis of soils (Cross and
Schlesinger, 1995). Accurate exactly
characterizing phosphorus forms are essential to
creating viable remediation procedures to limit the
antagonistic environmental effect of farming
extension. Information of phosphorus fraction is
imperative for assessment its status in soil and
understanding soil chemical properties that
influence soil richness and ecological quality. Soil
phosphorus fractionation has been explored since
1957, and was later connected to soils and
sediments to overcome the constrained data that
total phosphorus analysis can give (Zhou et al.,
2001).

Soils contain inorganic P (P;) and organic P
(P,) compounds that are important P sources for
plants, but Po rarely represents a major portion of
soil P. In a research with tropical forest soils, the
Po fraction represented 26+1 % of total P,
distributed in phosphate monoesters (68-96 %),
such as mononucleotides and in acetone
phosphate, and phosphate diesters (4-32 %),
mainly in the form of nucleic acids and
phospholipids. In  natural or agricultural
ecosystems on low P soils, Po mineralization is the
main source of P supply to plants, especially in
highly  weathered tropical soils. Organic
fertilization influences the P availability directly
and indirectly. The direct impacts contain: Pi
release by organic compound mineralization or
microbial immobilization of soil Pi, depending on
the C:P ratio; rivalry among organic acid anions
and phosphate anions for adsorption sites. Such
procedures can be managed by the proportion of
soil organic carbon and available phosphorus
amount. In higher C:P  conditions
microorganisms  have a net immobilization
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impact on soil phosphorus while in lower C:P state
they have a net mobilization effect. Therefore,
adding organic C to the soil can increase the ratio
of C:P and has been demonstrated to increase
microbial biomass phosphorus (MBP) and
accordingly diminish plant-available phosphorus,
(Stevenson, 1986; Hue et al., 1994; Chen et al.,
2000; Guppy et al.,, 2005; Marschner, 2008;
Vincent et al., 2010 and Turner & Engelbrecht,
2011).

Time is an essential factor for (Pi) changes in
the soil and the available phosphorus part, as well
as for organic phosphorus (Po) changes. With
respect to Po, after the rapid initial phase of
decomposition of organic residues applied to the
soil, when P release and available P increases, it is
expected that more stable (or recalcitrant) Po
fractions could remain in the soil, and that part of
the labile Po is converted to non-labile Po. In a
soil incubation trial in laboratory, the application
of swine manure caused an initial increase of
water-soluble P concentrations, but after 16 weeks
of incubation, water soluble P decreased with
simultaneous increase of the P-NaHCO; fraction.
Also, the utilization of cattle manure decreased
soluble P, while other more stable P forms
expanded, suggesting that microorganisms
changed labile-Pi into Po, due to the higher
amount of grass residues and higher C:P ratio in
the manure (Kashem et al., 2004).

The current study aimed to assess the impact of
different nitrogen fertilizers (slow or fast release
mineral), organic and bio on soil phosphorus
forms and to increase knowledge about organic
phosphorus in soils under various incubation
periods.

2. MATERIALS AND METHODS

Surface soil samples (0 — 30 cm) were collected
from scatter points at The Experimental Farm, Fac.
of Agric., Al-Azhar Univ., Assiut, located 375 km
south of Cairo, Egypt (27° 127 16.67" N latitude
and 31° 09 36.86" E longitude). The soil samples
were air dried, crashed and sieved through a 2 mm
sieve. Then all soil samples were mixed well to
form one composite sample. The soil sample was
subjected to some chemical and physical analysis
according to Page et al. (1982) and Klute (1986)
as shown in Table (1a & b).
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Table (1): Some physical and chemical properties of the tested soil:

a-Physical properties

. . Moisture content
Particles size percentage Texture ols ugeoﬁo € aw | Bulk
V7o density
- class (%) Iem?
Sand Silt Clay FC WP (g/cm)
40.50 31.00 28.50 | Clay Loam 31.50 15.30 | 15.70 1.57
FC = field capacity WP = wilting point AW = available water
b- Chemical properties
oM. | caco, " ECe Soluble ions (meq/L) Available nutrients (ppm)
(%) (%) (dS/m)| co, + )
HCO, Cl SO, | Ca Mg Na K N P K
1.65 2.10 7.63 | 0.93 1.98 105 | 550 | 2.64 | 1.00 | 5.00 |0.30| 56.50 | 36.80 | 343.00

OM = organic matter pH= soil reaction

Twenty kg of the soil sample was prepared to the
following treatments:
1) Organic fertilizer + bio-fertilizer named as OB
2) Slow release nitrogen fertilizer + organic
fertilizer named as SO
3) Fast release nitrogen fertilizer + organic
fertilizer named as FO
4)Slow release nitrogen fertilizer + organic
fertilizer + bio-fertilizer named as SOB
5) Fast release nitrogen fertilizer + organic
fertilizer + bio-fertilizer named as FOB
6) Control (without any fertilization) named as C

Rabbit manure (Table 2) as an organic fertilizer
at a rate of 3.5 ton/ fed was thoroughly mixed with
250 g soil sample (0.88 g rabbit manure/ 250 g soil
sample). Liquid bio-fertilizer (10 ml) contains
both of nitrogen fixers (Azotobacter chroococcum
and Azospirillum lipoferum) and phosphate
dissolving bacteria (Bacillus polymixa) at a ratio
1:1 was sprayed on surface soil sample upon
wetted soil to field capacity.

Two mineral nitrogen fertilizer types(Urea
46.5% N as a fast nitrogen fertilizer, 76 kg/ fed,
and ureaform 40% N as a slow nitrogen fertilizer,
87 kg/ fed) were separately mixed well with 250 g

ECe=electrical conductivity

of soil sample (19 mg urea or 22 mg ureaform/
250 g soil sample). Two hundred and fifty grams
from each earlier mentioned treatment were placed
into plastic containers. All treatments were
subjected to three incubation periods (14, 30 and
60 days) under laboratory condition (25-30 +°C).
The treatments were organized in a randomized
block design with three replications to form an
aggregate of 54 exploratory units. The treatments
were moistened to the field capacity and their
moisture level was monitored and adjusted
weekly.

At the end of each incubation period, soil
samples were taken to measure total organic
carbon (TOC), available phosphorus (P,), total
phosphorus (P;), organic phosphorus (P,) and
inorganic phosphorus (P;). Available phosphorus
was determined by the molybdenum blue
colorimetric method (Murphy and Riley, 1962)
after extraction by 0.5 M NaHCO; (Olsen et al.,
1954). Total phosphorus was determined by the
same method following perchloric acid (HCIOy)
digestion (Kuo, 1996). Inorganic phosphorus was
extracted with 0.5 M H,SO,4 (1:25 soil-to-solution
ratio for 16 h) and measured by the method of Kuo

Table (2): Some chemical properties of the rabbit manure

pH (1: 2.5) EC (dS/m) (1:2.5) N %

Organic carbon %

K20 % P,Os %0

7.10 8.40 1.00

10.60 1.00 1.38
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(1996). Organic phosphorus was calculated as the
difference between total P and inorganic P (Gupta
and Germida, 1988).Total organic carbon was
determined by Walkley & Black method (Nelson
and Sommers, 1982).

3. RESULTS AND DISCUSSIONS

The peril of phosphorus wastage from manure
treated soils is more related to phosphorus
fractions than total phosphorus concentration in
manure. Biogeochemical change of different forms
of organic and inorganic phosphorus controls soil
phosphorus availability (Chen et al., 2003).
3.1.Fourteen days incubation period.

Data present in Fig. (1) show the effect of
different sources of fertilizers on phosphorus
forms after 14 days incubation period. Using
various fertilizer sources obviously affected the
amount of total P, organic P, inorganic P and
available P. The soil treated with manure and bio-
fertilizer (OB) realized the higher amounts of total
P, organic P and available P among the other
treatments (Fig. 1). These values were almost the
same in the control treatment (C). The lower total
P values of 221.10 and 219.09 ppm were observed
in the soil treated with ureaform + manure + bio-
fertilizer (SOB) and that treated with urea + bio-
fertilizer (FO), respectively. The amount of total P
and organic P followed the descending order of
OB > C > FOB > SO > SOB > FO treatment (Fig.
1). It was observed that the linear trend lines of
both total P and organic P were running almost
parallel to each other with high correlation
coefficient value.

Total P =24.12x +189.30 (R?=0.944)
Organic P = 27.42x + 98.00 (R*=0.941)

The amounts of inorganic P and available P
differed from 67.84 to 86.51 and from 25.46 to
36.85 ppm, respectively (Fig. 1). These P forms
followed the descending order of FO > FOB >
SOB > SO > OB > C treatment. It was observed
that the linear trend lines of both inorganic P and
available P were running almost parallel to each
other with high correlation coefficient value.

Inorganic P= 3.883x + 66.20  (R°= 0.858)
Available P=2.431x + 21.46 (R?=0.852)
3.2. Thirty days incubation period

The effect of different sources of fertilizers on
phosphorus forms after 30 day incubation period is
shown in Fig. (2). Using various fertilizer sources
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clearly affected the amount of total P, organic P,
inorganic P and available P. The soil treated with
manure and slow nitrogen fertilizer (SO) realized
the higher amounts of total P and organic P among
the other treatments. The lower values of both total
P (197.65 and 281.40 ppm) and organic P (123.53
and 200.92 ppm) were observed in the soil treated
with ureaform + manure + bio-fertilizer (SOB) and
that without any treatment (C), respectively.

The amount of total P and organic P followed
the  descending order of SO>FO>0B
>FOB>C>SOB treatment (Fig. 2). It was observed
that the linear trend lines of both total P and
organic P were running almost parallel to each
other with high correlation coefficient value.

Total P=27.37x +199.2  (R*=0.870)

Organic P = 28.84x + 116.6 (R*=0.914)

The amounts of inorganic P and available P
differed from 63.90 to 83.33 and from 18.16 to
40.07 ppm, respectively (Fig. 2). The inorganic P
followed the descending order of FOB> OB >FO
>C>SOB >SO0 treatment. The available P followed
the descending order of OB>FOB >SO
>FO>C>SOB treatment. It was observed that the
linear trend lines of both inorganic P and available
P were running almost parallel to each other with
high correlation coefficient value.

Inorganic P = 3.44x + 65.37 (R?=0.770)

Available P =3.623x + 16.29  (R®=0.876)

Sharpley (1985) stated the necessity of adding
both carbon (C) and phosphorus (P) source to
build up soil P. The C source provides substrate
for microbial growth and activity then microbial
turnover results in accumulation of soil organic P.
lyamuremye et al. (1996) found an increase in the
available P (Pi) with manure and alfalfa residues
since the Pi realized a value > 0.24 % of total
phosphorus. Also, they mentioned that a decrease
in pH value could cause an increase in available P.
3.3. Sixty day incubation period

Data present in Fig. (3) show the effect of
different sources of fertilizers on phosphorus
forms after 60 days incubation period. Using
various fertilizer sources evidently affected the
amount of total P, organic P, inorganic P and
available P. The soil treated with slow nitrogen
fertilizer and manure (SO) realized the higher
amounts of total P and organic P among the other
treatments. The lower total P values were observed
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Fig. (1): Different phosphorus forms in relation to various sources of fertilizers in the
tested soil after 14 day incubation.
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Fig. (2): Different phosphorus forms in relation to various source of fertilizers in the

tested soil after 30 day incubation.
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Fig. (3): Different phosphorus forms in relation to various source of fertilizers in the

tested soil after 60 day incubation.

in the soil treated with urea+ manure+ bio-
fertilizer (FOB) and the untreated soil (control).
The amount of total P and organic P followed the
descending order of SO >FO>SOB > OB>FOB
>C treatment (Fig. 3).

Generally, organic phosphorus realized values
varied from 67.4 to 79.7% of the total P (Fig.3).
This finding agrees with that obtained by
(Chauhan et al., 1979) who stated that the organic
P is known to be sensitive to microbial activity
and has a fast turnover. This is because the major
component of labile P, is a diester PO,, which
prevents it from binding strongly to soil minerals
and makes it susceptible to rapid mineralization
(Tiessen et al., 1984 and Haynes & Swift, 1988).It
was observed that the linear trend lines of both
total P and organic P were running almost parallel
to each other with high correlation coefficient
value.

Total P =16.67x + 245.40 (R’=0.948)
Organic P =18.90x + 163.60 (R*=0.973)

The amounts of inorganic P and available P
differed from 70.02 to 87.35 and from 24.12 to
43.55 ppm, respectively (Fig. 3).The inorganic P
followed the descending order of C>SOB >FO
>SO>FOB >0OB treatment. The available P
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followed the descending order of OB>FOB

>C>SOB>FO>SO0 treatment. It was observed that

the linear trend lines of both inorganic P and

available P were running almost parallel to each

other with high correlation coefficient value.
Inorganic P = 2.756x + 64.33 (R’= 0.593)
Available P =5.150x + 17.81 (R* = 0.874)

3.4. Carbon to phosphorus ratios

After 14 day incubation period, the low values
of C:P ratio (28- 30) that resulted from OB and C
treatments maximized the values of available P
(35.51- 36.85 ppm), organic P (247.1 — 258.8
ppm) and total P (314.9 — 331.0 ppm) while
reduced the value of inorganic p (67.84- 72.19
ppm) and the opposite trend was true (Table 3).
Song et al. (2003) reported that at a low C:P ratio,
bacteria mobilize more P than they immobilize and
enhance plant P uptake, while at a high C:P ratio
bacteria immobilize more P than they mobilize and
inhibit plant P uptake.

After one-month incubation period, the C:P
ratio data were extremely variable by the addition
of N sources with or without bio-fertilizer resulted
in differing microbial C and P dynamics and
ratios. It was observed a decrease in C:P ratio with
FO, SO and OB treatments due to an increase in
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Table (3): Phosphorus fractions and C: P ratio as affected by different soil treatments.

- Total Organic Inorganic Available C:P ration
é phosphorus(ppm) phosphorus(ppm) phosphorus(ppm) | phosphorus(ppm)

g

= incubation period (day)

3 14 30 60 14 30 60 14 | 30 60 14 | 30 60 14 | 30 | 60
FOB | 280.1 | 285.4 | 268.0 | 194.0 | 202.1 | 197.2 | 86.0 | 833 | 708 | 279|330 | 419 | 35 | 33 | 35
SOB | 221.1 | 197.7 | 3189 | 1374 | 1235 | 2450 | 83.7 | 741 | 740 | 279|182 | 288 | 48 | 47 | 31
FO | 219.1 | 331.7 | 321.6 | 132.6 | 250.7 | 250.6 | 86.5 | 80.9 | 71.0 |26.1|276| 26.1 | 45 | 29 | 28
SO | 276.7 | 351.8 | 348.4 | 194.1 | 287.8 | 277.6 | 82.6 | 63.9 | 70.8 | 255|278 | 241 | 38 | 29 | 31
OB | 3310 | 322.3 | 298.2 | 258.8 | 2405 | 228.1 | 72.2 | 81.7| 70.0 | 355 |40.1| 436 | 28 | 29 | 31

C 3149 | 281.4 | 268.0 | 247.1 | 200.9 | 180.6 | 67.8 | 80.5 | 874 | 369|273 | 295 | 30 | 34 | 34

FOB = fast release nitrogen + organic + bio fertilizers

FO = fast release nitrogen + organic fertilizers
OB = organic + bio fertilizers

SOB = slow release nitrogen + organic + bio fertilizers

SO = slow release nitrogen + organic fertilizers

total P but not C (Table 3). The highest values of
both total P (351.8 ppm) and available P (40.1
ppm) were recorded at 29 C:P ratio values. The
lowest values of both total P (197.7 ppm) and
available P (18.2ppm) were recorded at 47 C: P
ratio (Table 3). Microbial biomass dynamics and
C: P ratios are important factors regulating nutrient
availability (He et al., 1997). Also, they suggested
that a decrease in microbial C: P ratio is a result of
nutrient immobilization but those microbes with a
low C: P ratios later have a high potential to
release P through microbial turnover. They also
found a high correlation of P uptake by pasture
with the sum of P in the microbial biomass and
available pools.

After two months of incubation period, C: P
ratios were lower than those at 14 and 30 day
incubation period under SOB and FO treatments.
The C: P ratio was higher at SO treatment than
that of FO treatment (Table 3). Available P
increased as the C: P ratio increased. The highest
values of C: P ratio (35) were recorded at (41.94
ppm) available P value that resulted from FOB
treatment. The lowest values of C:P ratio (28)
were recorded at (26.1 ppm) available P value that
resulted from FO treatment (Table 3). The
reduction of C: P ratio and the increase of
available phosphorus in this period compared with
previous periods of incubation on the ground that
bacteria mobilize more P than they immobilize. It
was noticed that the lowest C: P ratio and the
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C = control without any fertilizer

highest values of available P were recorded under
OB treatment. There are numerous bacteria which
can mobilize organic P, and decreasing the ratio of
C: P may also influence interactions among
themselves, which have potential effects on plant
P uptake and should be considered in the future.
Recent studies suggest that microbial C demand is
able to drive organic P mineralization with
potential benefits for plants and changing soil C:P
ratio by adding sugars to the rhizosphere altered
microbial biomass phosphorus (MBP) and the
available P content in the soil (Marschner, 2007
and Spohn & Kuzyakov, 2013).
3.5. Analogous among incubation periods

In the control treatment, total P, organic P and
available P were decreased as the incubation
period increased while the opposite trend was true
for inorganic P (Fig. 4). In FOB treatment (fast
release nitrogen + organic + bio fertilizers), total
and organic P increased by increasing incubation
period to one month then they decreased when the
incubation period reached two months. The
inorganic P decreased as the incubation period
increased while the opposite trend was noticed for
available P (Fig. 4). The treatments of SOB (slow
release nitrogen + organic + bio fertilizers), FO
(fast release nitrogen + organic fertilizers) and SO
(slow release nitrogen + organic fertilizers)
realized an increase in both total and organic P by
increasing the incubation period (Fig. 4). As the
incubation period increased, the SOB, FO and SO
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Fig. (4): Different phosphorus forms in relation to various source of fertilizers in the tested soil through different incubation periods.
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treatments decreased the inorganic P while the
available P remained almost constant. Under the
OB treatment (organic + bio fertilizers), both total
and organic P were decreased as the incubation
period increased (Fig. 4). The inorganic P changed
slightly and the available P increased by increasing
the incubation period. In general, the data
indicated that the average amount of available P
after 30 days incubation period is less than that
resulted after 60 days incubation period. The
decrease in readily available P is perhaps an
indicative of initial microbial proliferation during
the 30 days incubation period.

It might be concluded that the bio-fertilization
impact on the release of soil phosphorus where it
was slow at the beginning of the incubation period
with higher C:P ratio. But when time passed as the
incubation period increased from 14 to 30 then 60
days with moist soil, activate microorganisms
decompose organic matter, thus release
phosphorus and increase available phosphorus.
This component is necessary for plant growth, also
enters into the bio processes within the plant.
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