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ABSTRACT: Surface clay Soil samples were collected from EL Hamoul, Kafr EI-Sheikh
governorate and air dried. Each of plastic pot from the experiment pots was filled with 500
grams from these samples. Three rates from rock phosphate (0, 1 and 3%) and three from
compost (0, 2, and 4%) were added to and mixed with these experiment soil samples in the
pots and incubated in three periods (0, 30 and 90 days) in the lab condition. This
experiment was arranged in three replicates using a completely randomized block design.
Samples from these applications were taken after each of the three incubation periods.
Phosphorus fractions were measured in the taken samples according to Hedley sequential
fractionation scheme. The determined P fractions were: (1) P-NaHCOs3, (2) P-NaOH, (3) P-
HCI/H,S0., (4) P-residual and (5) Total P. Obtained results could be summarized as follows.
Theincreasing rates of added compost led to an increase in P-NaHCOs; fraction comparing
with control treatment. While the increasing rates of added rock phosphate led to a
decrease in this fraction and gave the lowest value. The addition of compost and rock
phosphate together led to increase in P-NaHCOj; fraction more than each of them alone.
The increase of the incubation period led to an unnoticeable and insignificant decrease in
this fraction of phosphorous. P-NaOH fraction represents 2.8 % of the total phosphorous.
P-HCI/H,SO.4 fraction increased with increasing incubation periods, phosphate rock and
compost were. The residual P fraction was decreased with increasing incubation period.

Key words: Phosphorus fractions, rock phosphate, compost, incubation periods .

INTRODUCTION mineral-water  equilibrium,  sorption
Phosphorus is a key nutrient element processes, organisms (bioturbation) and
for the growth and development of crops. bottom sediment characteristics.

It is a key element in universal
biogeochemical cycles. Phosphorus
occurs  mainly in hydroxy-apatite
{Cas(PO4)3(OH)} and fluoro-apatite
{Cai10(PO4)sF2}, as orthophosphate. The
solubility of P is controlled by Fe (lll), Al
(I and Ca. The influence of the solid
phase, whether as a suspended particles
or sediments, is of considerable
importance in regulating the dissolved P
phase of natural waters systems.
Sediments properties, such as pH and

It is worth mentioning that, fertilization
became expensive. Therefore, it s
necessary to consider the use of some
natural rocks such as feldspar, rock
phosphate especially with acid treatment
for easing the release of elements
contained in these materials. Phosphorus
is provided mainly by soil, however, it can
easily be immobilized in it, and the
seasonal application rate of phosphate
fertilizer for crops is only 10-25%. (Liu et

_ al., 2012).
redox potential could have caused
significant  variation of phosphorus Therock phosphate (RP) could be used
release potential (Gao et al., 2005), beside as a direct application fertilizer with or
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without other amendments. The utilization
of RP is more suitable than the
manufacturing phosphoric acid and other
soluble fertilizers such as single
superphosphate (SSP) or triple one (TSP).
Rock Phosphate is a natural mineral
fertilizer requiring minimum processing
and environmentally benign. It could be
more efficient than soluble fertilizers in
terms of recovery of phosphate by plants,
even for short term crops in soils where
the soluble P is readily leached, as in
sandy soils and also, possibly for long-
term crops in other soils (Rajan et al.,
1994). Application of rock phosphates in
arid and semi-arid regions is not common,
because of its low availability in most of
their soils that having alkaline reaction
with relatively high pH and low organic
matter.

In many studies, humic and fulvic acids
preparations were reported to increase
the uptake of mineral elements to promote
the root length and to increase the fresh
and dry weights of crop plants (Chen et
al., 2004). Due to the positive effect of
humic substances on the visible growth of

plants, these chemicals have been widely
used by the growers instead of other
substances. Composting organic
materials with rock phosphate (RP) has
been shown to enhance the solubility of P
from RP and is practiced widely as a low-
input technology to improve the fertilizer
value of manures (Ibrahim et al., 2008).

This work aims to study the effect of
added organic substances (compost) and
rock phosphate after different incubation
periods on phosphorus forms in the
studied soil.

MATERIALS AND METHODS

Soil samples were collected from the
surface layer of a farm located at El
Hamoul, Kafr EI-Shikh governorate. The
collected soil samples were air dried and
ground to pass through 2 mm thieve.
Some physiochemical properties for this
soil were analyzed according to Burt
(2004) and presented in Table (1). Some
main minerals contents of added rock
phosphate are presented in Table (2).
Some physiochemical properties of added
compost are shown in Table (3).

Table (1): Some properties for the studied soil.

. . o
Particle size distribution % Texture PH EC (1:5) OM CEC
sand sit | clay | °©@ss | w25 | dSm1 % | Meq/loog
31.11 8.02 60.87 Clay 7.6 1.8 2.01 39.7

Table (2): Total P20s in the added Rock Phosphate.

Total P>Os % 20.35
Table (3): Some properties for the added compost.
EC (1:10) PH oC CIN BD* Moisture Ash WHC**
dSm-1 (1:10) | % ratio | gem<3 % % %
10.5 8.6 35 12.6 0.35 11.8 42 160

BD*= Bulk density, WHC: Water holding capacity.
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A plastic pot (with 20 cm inter diameter
and 30 cm height) were filled with 500 g of
prepared fine earth. The added rock
phosphate rates were 0, 1 and 3%. The
added compost rates were 0, 2 and 4%.
These additives were good mixed with soil
samples in the pots and prepared for 3
incubation periods namely 0, 90 and 180
days. This experiment was arranged by 81
unites having 27 treatments in three
replicates using a completely randomized
block design. The treated soil samples in
pots were moisten at 60 % of water
holding capacity under the laboratory
condition during the experiment. Samples
were taken from the different treatments

after each incubation periods to
determine the fractionations of
phosphorus.

Hedley sequential fractionations

scheme was applied to estimate the
fractionations of phosphorus in the tested
soil samples according to Sui et al. (1999).
The obtained data were statistically
analyzed by ANOVA according to Gomez
and Gomez (1984).

RESULTS AND DISCUSSION

The estimated different phosphorus
fractions in the studied soil after different
treatments with rock phosphate, compost
and incubation periods are presented In
Table (4). The effect of these treatments

with their different rates could be
discussed as follows.
Effect of treatments on total

phosphorus fraction:

Data in Table (4) showed that, the
values of total phosphorus (TP) were
varied widely between different
treatments and rates. The lowest total
phosphorus (TP) value was obtained in
the soil without any additives (O-
treatments at the first incubation period).
The highest TP value was obtained with
the addition of 1 % RP and 4 % compost at
the longest incubation period. The
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difference between TP mean values
resulted from PR and compost treatments
were significant especially between
phosphate rock treatments. While the
differences between these values that
affected by incubation periods were
insignificant.

In this respect Shaheen et al. (2007)
established that, the values of total P were
differed widely between Burullus Lagoon
soils depending on the type of deposits
and their physiochemical properties.
Where the total P was negatively
correlated to sand content and positively
correlated to silt and clay content. Thus, P
is probably associated with the finer soil
fractions as it previously reported by
(McCullum, 1996).

The relationship between TP mg.Kg™*
and added rock phosphate rate % and can
be expressed by the following equation:

TP = 2247 + 934.4 RP (R?=0.94)

This equation exposed that, the
increasing TP rate was 934.4 mg.Kg*t
when RP added with 1%. The effect of
added compost (%) on TP can be
expressed by the following equation:
TP = 2814 + 339.5 Compost (R?=0.96)

This equation showed that TP
increased by rate of 339.5 mg.Kg™ after 1
% compost addition. The relationships
between TP and incubation periods can
be expressed by the following equation:

TP = 3311+ 60.7 1P  (R2=0.67)

This equation explain that, the TP
increased by 60.7 mg.Kg* after one month
incubation period.

Effect of treatments other

phosphorus fractions

Data in Table (4) showed that, the
phosphorous fractions extracted from the
soil can be arranged as follows:
P-HCI/H,SO4 > P-digested > P-NaHCO3; >
P- NaOH

on
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The obtained results indicated that, P-
HCI/H,SO, is the highest P fraction at all
incubation periods, while the lowest
fraction was P-NaOH. The highest values
of P-HCI/H,SO, fraction was found after 3
months incubation period followed by 6
months period. Also, the largest values of
P-NaHCO; form was obtained after three
months. whereas the largest amounts of
P-digest fraction was obtained in soil
without incubation.

On the other hand, data in Table (4)
showed that, most of P fractions was
increased with increasing the added rates
of RP and compost. Which, the increasing
rate of added compost led to increase in
P-NaHCO; fraction. While the increasing
addition of rock phosphate led to a
decrease in this fraction and gave the
lowest values. Moreover, the addition of
composttogether with rock phosphate led
to a clear increase in P-NaHCO; fraction
more than each of them alone. While, the
increase of the incubation period led to a
decrease of this P part.

Al-Oud (2011) found that, the
availability of phosphorus was
significantly increased in calcareous soil
treated with rock phosphate and different
rates of organic manure.

Several studies found that, the addition
of organic amendments such as compost
led to increase of the available
phosphorus in soil (Scherer & Sharma,
2002; Qian & Schoenau, 2000). There are a
direct and indirect positive effect for the
addition of compost. The direct positive
effect could be ascribed to the
phosphorus released from compost. The
indirect effect could be returned to the
production and release of organic acids
and stimulation of microbial activity that
can decrease the soil ph. This effect could
be led to increasing the release and
mobilization of phosphorus in soil (Ayaga
et al., 2006; Fuentes et al., 2006; and Khan
and Joergensen, 2009).

153

The following equation can express the
relationship between PR % and P-
NaHCOs:

P- NaC03=142.62+37.47 PR (%) (R?=0.85)

This equation pointed out that, the rate
of increment in P-NaHCO; fraction was
37.47 mg.Kg* when PR was added by 1 %.
On the other hands, the relation between
P-NaHCO; fraction and added compost
rate can be expressed by the next
equation:

P- NaCOs = 107.58+42.5 Com(%) (R?=0.85)

This equation confirmed that, the
increment rate in P-NaHCOg3; fraction was
42.5 mg.Kgtwhen compost was added by
1%.

The effect of incubation periods on P-
NaHCOs; fraction can be expressed by the
following equation:

P- NaCO3;=218.13 - 8.5156 In.Per
(months) (R2=0.71)

This equation indicate that, the
decreasing rate of P-NaHCO; was 8.52
mg.Kg? after one month incubation
period.

The lowest value of P-NaOH fraction
was obtained in the soil in the control
treatment of incubation and compost with
addition of 1 % RP. While the highest
value of this fraction was obtained with
the addition of 3 % RP and 4 % compost
after 6 months incubation period. P-NaOH
fraction represented 2.8 % of the total
phosphorous. The P-NaOH fraction is
related with unorganized oxy-hydroxide
surfaces and crystalline Al- and Fe-
oxides. Generally, this fraction is uneasy
due to fluctuating redox conditions that
cause mobilization or immobilization of P
from this fraction depending on the soil
environment status (Jalali and Sajadi
Tabar, 2011). It was observed that, the P-
NaOH values were the lowest fraction
compared with the other phosphorus
fractions. This could be due to the low
levels of Fe and Al contents in Egyptian
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soils. Many previous studies showed that,
the increase rates of added P led to a
significant increase in Fe- and Al-bound
fraction. The formation of this fraction
could be attributed to the strong
complexation of exchangeable Al and Fe
with P (Von Wandruszka, 2006).

The increasing rates P-NaOH
fraction can be deduced from the
increasing rates any of the incubation
periods, rock phosphate or compost.

of

The effect of RP on P-NaOH fraction
can be expressed by the following
equation:

P-NaoH = 70.85 + 4.03 PR% (R, = 0.76)

This equation revealed that, increasing
of phosphate rock rate by 1 % led to
increasing in P-NaOH by 4.03 mg.Kg* .
The following equation can be stated the
relationship between P-NaOH fraction and
applied compost rate %:

P-NaOH=70.83+ 2.70 Compost% (R?=0.95)

From this equation, It could be
concluded that, the increase of applied
compost rate by 1 % led to increase in P-
NaOH by 2.70 mg.Kg?. Wright (2009)
noticed that, the increase of organic
matter applications resulted in important
enhance of Fe- and Al-bound P fraction.
Also, it was reported that, inorganic
fertilizers are one of the major inputs of
Fe- and Al-bound P fraction in soil. Some
investigators found that, the less labile
inorganic and organic P forms content
was higher in the soil treated with
compost than in that untreated (control)
one. This could be attributed to the
precipitation and fixation as well as
synthesis of stable organic P (Garcia-Gil
et al., 2000; Park et al., 2004; Shen et al.,
2011).

The following linear equation can be
explaining the effect of incubation periods
on the extracted P-NaOH fraction:
P-NaoH= 71.00+1.74 Incub.Per (R?=0.68)
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This equation indicated that, there was
a positive relationship between
incubation periods and P-NaOH fraction.
This fraction increased in soil by 1.74

mg.Kg-1 after one month incubation
period.
The lowest value of P-HCI/H2SO4

fraction was found in the soil without RP
addition having 2% added compost after 3
months incubation period. While the
highest value was obtained in the saoil
treated with 1 % RP and 4 % compost after
6 months incubation period.

Most of P applied to the soils is not
taken up by plants but accumulates in
them as various forms of inorganic and
organic P, that is commonly referred to

the ‘legacy P’ (Stutter et al., 2012;
Condron et al., 2005; Frossard et al.,
2000).

The relation of RP % with P- HCI/H2SO4
fraction can be formulated by the

following equation:
P-HCI/H2S04=96.6+568.45 PR% (R2 = 0.81)

This equation revealed that, the
increase of added RP by 1 % led to
increase in P-HCI/H,SOs by  568.45
mg.Kg?. On the other hands, the relation
between P-HCI/H,SO;, fraction and added
compost % can be expressed with the
next equation:

P-HCI/H,S0, = 1309.4 + 208.06 Com%
(R? = 0.83)

This equation confirmed that, the
increment of P-HCI/H,SO, fraction content
was 208.06 mg.Kg-1 when compost
applied with 1%. On the one hand, the
effect of incubation periods on P-
HCI/H,SO, fraction can be expressed by
the following equation:

P- HCI/H2S04=1521.1+68.139 IncPe(R?=0.69)

This equation establish that, the
increasing rate of P-HCI/H,SO4 was 68.139
mg.Kg-1 after one month incubation
period.
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The lowest P-digest (residual) fraction
content was gotten in soil without RP, and
2% compost applications after 6 months
incubation period. While the highest
content was obtained in soil treated with
3% RP and 2% compost without
incubation period. Generally, the results

revealed that, the increase of RP or
compost with increasing incubation
period led to increase in residual P
fraction.

The effect of RP on residual P fraction
can be express with the next equation:

Residual-P (mg.Kg™1)=672.13+121.17 PR%
(R?=0.99)

This equation revealed that, the

increase of added RP by 1 % led to

increase in residual P by 121.17 mg.Kg™.

The relationship between residual P
fraction and applied % compost can be
expressed by equation:

Residual P(mg.Kg?)= - 40.017X% +161.86X
+776.76 (R?=0.99)

It can mentioned that, the increase of
applied compost up to 2 % led to increase
in residual P by 940.4 mg.Kg?, then it
decreased to 783.9 mg.Kg?!l with
increasing compost application up to 4 %.

The effect of incubation periods on the
residual phosphorous fraction can be
expressed by following linear equation:
Residual P (mg.Kg™?) = 896.93 - 21.08

Incub.Per (R2=0.99)

From this equation, it can be
concluded that, there was a negative
relationship between incubation periods
and residual P fraction. The residual P
fraction was decreased by 21.08 mg.Kg-1
after one month incubation period.
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