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HE OBJECTIVE of this study was to evaluate the kinetics of

phosphate desorption from three types of phosphocompost
differed in their rates of phosphate rock (PR}, 7e.. 10, 135 and 20%.
These systems were incubated for time span from one 1o 120 days.
The obtained results clearly indicate that the application of 13% PR
mixed with compost. led to increase P release by about 36% over
cantrol, however, the highest concentration of PR only led to increase
P desorption by 20%. The application of 10% PR to compost,
however, gave-lowest increase in P desorption compared to other rates
applied. Concerning of different kinetic models, e g.. modified
Freundlich. parabolic Diffusion and Hoerl’s models; the data gave
conformity by having high R? and low SE for these models. The rate
constants of Horel's model. the best iitted model. indicated that the
rate of P desorbed from p-rock 1o compost was influenced by the rate
of PR applicd. These constants characierized by increasing in their
values throughout the entire reaction peried (120 days). At the same
time, the rate constants of modified Freundlich equation which
represent phosphate desorption trom phosphocompost systems to
amended media were characterized by increasing in rate valucs
through the first 14 days followed by decreasing order in the rest of
incubation time. The obtained results indicated that these model
constants consistently influenced by some factors such as media pH.
temperature and residence time.

Keywords: Phosphocompost. Phosphate release. Kinetic models.

High cost of soluble P feitilizers forcing many developing countries to turn
increasingly to using phosphate rock (PR) resources to improve agricultural
production. Several alternative approaches have been used or proposed to
increase P availability in PR including: (1} incorporation of additives into PR (2)
partial acidulation of PR (3) compaction of PR with water-soluble P fertilizers
and (4) microbial methods (Van Siraaten, 2002).

Composting manure and/or biological waste applied with PR has been shown
to enhance the dissolution of the PR (Mishra & Bangar, 1986 and Singh &
Amberger, 1998) and is practiced widely as a low-input technology to improve
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the fertilizer value of manure (Mahimairaja ef al., 1995). However, although
research has focused on the quality of compost organic matter (Adani et al.,
1997; Liang et al., 1996 and Requena et al., 1997) and on the forms and
availability of compost nitrogen (N} (Kuo, 1995 and Sanchez et af., 1997), tittle
has been done to unravel the forms and availability of phosphorous. The
hypothesis for the present study, therefore, was that composting would enhance
the dissolution of the PR and the effectiveness of PR for plant P uptake and
growth.

The aims of this study are to: (1) Evaluate the application of prepared
compost to rock phosphate (phosphocompost) on the kinetics of phosphate
desorption {2) Choosing the best fitted kinetic model(s) describes P release from
phosphocompost organic materials; applied under arid conditions of new
reclaimed areas; to specify the best and economic rate of PR should be applied.

Material and Methods

Compost preparation

Greenhouse experiment was conducted to evaluate P release characteristics
from prepared compost amended with phosphate rock PR (phosphocompost).
Piastic pots filled with 200 g of compost consisted of farmyard manure, ¢hicken
manure, groundnut residues and maize residues. These organic residues were
added at rates of 1:1:1:1 (w/w). These materials were amended with PR at rates
of 10, 15 and 20% on weight basis. The organic compounds were thoroughly
mixed with some bio-fertilizers, yeast at rate of 5 ml/kg and composted or
incubated for 4 months. Organic compounds initially weighted and kept at 60% of
their WHC throughout the entire period of 120 days. Temperatures of different
prepared composts were recorded using alcohol thermometer every two days within
the first three weeks of composting, and every week until the end of the experiment.

Kinetic data was taken after 1, 14 and $20 days in 3 replicates. The chemical
and nutritional properties of the studied phosphocompost are presented in Tables

~

1-3.

Kinetic study

At the end of each incubation time, 50g of organic composts were taken and
prepared for the kinetic study. Kinetics of phosphate desorption was studied by
placing 5.0 g of compost samples into 250 ml - Erlenmeyer flasks. A 50-ml of
ammonium bicarbonate-DTPA was added. The flasks were vigorously shaken
using end over end shaker for various time intervals, ie., 1,5, 10,30 min; 1,2, 6
hr; 1, 2, 4, 7 days). The solution samples were separated from the suspension and
analyzed for their phosphate content

Kinetic models used

Phosphate desorption data was examined by three kinetic equations
representing both empirical and theoretical equations. The linear forms of these
models are:
Egvpi. J Soil. Sci. 48. No, 3 (2008)
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A. Hoerl eqution
g=at"b*e(C*t

B. Parabolic diffusion equation
12

g=b-+at
C. Modified Freundlich equation equation
g=bt
where:
q the amount of phosphate desorbed at timie t

a &b = constants
t = time It minute

il

The conformity of desorption data to a particular kinetic equation(s) was
judged by the higher coefficient of determination (R”) and the lower of the
standard error (SE) of the regression relation.

TABLE 1. The chemical characters of used organic materials.

Farmyard Chicken Peanut Maize
Characters Manure Manu Shell Residues
(FYM) re e idue
pH (1:20) 7.75 6.77 6.2 6.8
EC dS.m”" {1:20) 2.0 1 1 6.4
OM. % 65.9 89.3 93.83 84.8
C /N ratio 24.24 19.0 75.76 74 .69
Total Nitrogen % 1.58 2.73 0.72 0.66

TABLE 2. The chemical characters of used rock phosphate.

Characters PR

pH{1:20} 6.2

EC(1:20} 2.0

Totat (P,Ox %) 30.5

Soluble Na(ppm)} 43.7

Soluble Ca{ppm) 334
t Soluble Mg(ppm) 103
| Soluble HCOx(ppm) 54

Eegypt. ] Soil. Sci. 48, No. 3 (2008)
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TABLE 3. The chemical and nutritional properties of the studied phosphocompost.

EC . . ; Available
I)S:(:]‘:n:‘(_ﬂmmpmt pH ds.m” CIN Total .\Iatﬂl/unutrlents Macronutrients
i (P(.)p (1:2n ! ratio ? (ppm)
(1:26)
N P K N p K

Compost .

10%PR 94 i4d 1:18 1.5 22 12 590 800 3000
Compost A .

15% PR 84 08 1:22 1.7 23 1.4 620 1000 7000
Compost . : 7450

20% PR 8.6 t.8 1:24 1.5 28 1.3 1260 13500

Statistical analysis

Different statistical analysis was conducted in this study to evaluate the
conformity of different models in describing P release by using SAS software
(SAS institute, 19835). (The results are the mean values of three replicates).

Results and Discussion

Effect of residence time and rate of PR applied on the kinetics of phosphate
desorption from phosphocompost organic material

Figure 1 represents the kinetics of phosphate release from compost enriched
with PR applied at three rates 10, 15 and 20% (T1-T3) respectively, after 14 days
of incubation. Because of the S shape observed for P desorption data in different
treatments through the entire reaction time, the reaction time of {0080 min was
divided into two stages, the first stage was the rate of P released through 1-60
min and the second one was the data obtained through the rest of time, ie., 120-
10080 min.

Dividing the entire reaction time (A} into two stages, led to have almost straight
lines in both short reaction time (B) and long one (C) in tested all treatments. Data
shows the P release from PR tested individually gave the lowest values compared
with other tested treatments. By mixing PR with prepared compost at different rates
the P released was significantly increased. Data showed that the maximum phosphaie
desorbed from PR was 70 ppm, meanwhile mixing of PR at 10% (T1) with compost
gradually increase up to 79 ppm particularly after 14 days.

Results indicated that increasing the rate of PR to 15% mixed with compost,
gave a maximum concentration of P desorbed to 109 ppm which represented
about 56% over the control (PR). However, the higher concentration of PR
applied to prepared compost {20%) only increased desorbed P to 95 ppm which
represented about 36% over the control treatment. Worth to mention that the
same ooservation was reported by Rasha Ramzy (2007).

Eaypt. J. Soil. Sci. 48. No. 3 (2008)
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Fig. 1. Kinetics of P desorption from different treatments prepared after 14 days
incubation time during the entire reaction time (A) or dividing the entire
reaction into two stages B and C.

Kinetic parameters of phosphate desorption from phosphocompost as affected by
rate of PR applied and period of incubation.
Modified Freundlich kinetic model
The results in Table 4 present the rate constants of the regression equations e
modified Freundlich kinetic equation which describe phosphate desorption from
compost enriched with PR after 1, 14 and 120 days of incubation. The conformity of
desorption data to a particular kinetic equation was judged by the highest coefficient
Egvpt J Seil. Sci. 48, No. 3 (2008)
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of determinaiion (R and the lowest standard error (SE) of the regression relation.
The data indicated that, although the modified Freundlich equation (MFE) becomes
the 3™ fitted equation in describing P release from different treatments; this kinetic
model gave high significant (R?) at different incubation time and in both entire
reaction time and by dividing this period into two stags.

The superiority of modified Freundlich equation under wide range of reaction
time in studying the rate of added P fertilizer and with different sources of P
simiiariy, were obtained by many workers. Stevenson (1994) who studied P-
release kinetics from soils varied in their clay and organic matter contents. Also,
Ravan & Hossner (1994) studied soil phosphorus desorption kinetics from five
soil samples having widely values in their pH, organic C and clay content. All of
these authors concluded that Freundlich equation was the best model to describe
the P desorption kinetic data over other used models.

Also the data in the same table represents the apparent desorption rate
coefticient ¢ and the initial release rate b, the slope and the intercept. The data
documented according to the linear form of MFE for PR, the control treatment
and the prepared compost enriched with PR at 10% (T,),15% (T} and 20% (T5),
in both the entire reaction time (10080 min) and its dividing into 1" stage (1-60
min) and 2™ stage (120-10080 min). Both the apparent coefficient rate of
phosphate desorption @ and the reversibly adsorbed phosphate 6, consistently
increased with compost enriched with 15% PR. This increase was more evident
after one day of incubation. The numerical values indicated that enriched
compost with 15% PR, increased the same constant from 1.26 in control to 1.29
mg kg min' after 1 day incubation, meanwhile increasing PR to 20% led to
decrease the rate constant to be1.20 mg kg™ min™,

The application of compost enriched with 10% PR, decreased the rate of P
desorbed to 1.18 mg kg™’ min”'. In contrast, the b values of different treatments
which represents the capacity factor (Zaghloul, 1998}, or the initial release rate
when comparisons are made between constants of power function equations
{Sparks, 1989). This constant increased different PR treatments by using over the
control treatment PR. In T3, for example, after | day incubation the b value was
2.86 mg P kg™ in T3. At the control treatment, however, it was 2.06 mg P kg''.
At higher incubation time ie.120 days, the same values were decreased to 2.14
and 1.64 mg P kg'' in the same treatments, respectively.

According to the constants of the MFE, after 1 day of incubation, data
presented in Table 4 showed that compost treated with 15% PR gave the highest
value compared with other treatment reached to 1.34 mg P kg™ min™' against 1.25
mg P kg' min’' for control. The results also showed that, increasing the
incubation time to 14 days led to increase the a value to 2.98 mg P kg min’'
against 2.29 mg P kg min'for control treatment. It should be mentioned that
both T1 and T3 gave higher values compared to control. At higher incubation
time the same trend was also observed as T, was the highest treatment. The same
trend was observed by Kuo (1995).

Eeupt. J Soil Sci. 48, No. 3 (2008)
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TABLE 4. Rate constants, coefficient of determination R? and standard error SE of power function
equation of phosphate desorption from PR and PR-enriched compost treatments applied at
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The capacity factor represented by b parameter in this model at different
stages showed that in 1" stage at different incubation times, treated compost with
PR led to significant increase in b values as compared with controi treatment.
After 14 days, the b values were 2.98mg kg in T2; the corresponding values
were 2.61 and 2.81 mg kg in TI and T3, respectively. At this incubation time
the control treatment value was 2.29 mg kg”’. The same trend was also observed
in other incubation time. The comparison between different incubation times of
this parameter data indicated that b values were gradually increased through the
first 14 days followed by decreasing order till 120 days.

The 2™ stage data given in the same table showed that again T2 gave higher
capacity factor compared with other treatments applied. Increasing incubation
time in this stage from Iday to 14 days led to a gradual increase in b constant
from 3.95 to 4.95 mg kg™’ The corresponding vatues were 3.52, and 3.91 mg kg’
in T1 and 3.78 and 4.02 in T3. The lowest values were observed in control
treatment, Increasing the incubation time over 14 days led to decrease.in b
constant values as compared with the data of the first 14 days. At higher
incubation time (120 days) increasing the incubation time led to decrease the
capacity factor to have the minimum values in all treatments. The respective
numerical values of these treatments were 3.34, 3.78 and 3.52 mg kg'.

Parabolic diffusion kinetic model (PDM)

The data in Table 5 represents the rate constants, R> and SE of parabolic
diffusion equation. In this model, it is assumed that compost materials and its
modifications applied to increase P release is mainly responsible for desorption
of the phosphate and that the rate controlling process is diffusion of the sorbed P
in that material constituent. It is further assumed that the tested material and the
diffusion coefficient do not vary considerably.

The kinetic parameters @ and b are presented in Table 5 for the P release from
different compost materials enriched with PR and incubated for different
incubation times, Both diffusion rate coefficient of phosphate release a and the 5
value representing the quantities of phosphate at zero time were affected by the
period of soil incubation. For the entire reaction time, after one day, the results
showed that in T? the rate value was 39.19 mg P Kg”' soil min"'. Increasing the
incubation time to 14 days led to increase this value to 63.36 mg P kg™ min™'.
Increasing the incubation time up to 120 days, however, decreased the # constant
t0 32.49 mg P kg" min”'. In other words, 50% decrease in rate of P desorbed was
noticed by increasing the time of incubation. The same trend was also observed
in other treatments. The obtained results were in the same trend observed by
Rasha Ramzy (2007).

In the 1" stage which gave higher R* and lower SE values as compared with
the 2" one, data showed that one day later the T2 gave the highest a values as
compared with the control treatraent. The same trend was also observed in other
treatments as well, In Table 5, after one day the a value of PR was 13.03 mg kg
min’, this value was increased by about 50% in T3 and about 30% in TI,
meanwhile the same value was doubled in T2 treatment.

Egypr. J. Soil. Sci. 48, No. 3 (2008)
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Rate constants, coefficient of determination (R2) and standard error (SE) of parabolic diffusion
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Increasing the incubation time to 14 days, gave the same trend in all treatments
applied involving PR (conrrol treatment). In contrast, increasing incubation time of
all tested materials a values were decreased. For example, after 120 da?s of
incubation, the a value for T2 was 33.40 mg kg'' min™ against 57.82 mg kg 'min’’
for the same treatment incubated for 14 days. The same trend was also observed in
T1 and T3 with different percentage of decreasing order. It should be mention that
no ohvious trend was observed in changing of b values; which represents the
capacity factor of desorbed P as affected by incubation time; with general note that
increasing of T2 compared with other treatments. In this part the 2™ stage will not
be discussed according to low R? and higher SE values with general observation in
this stage similar to that observed in the 1" stage.

Hoerl kinetic mode!

The data in Table 6 represents the rate constants of phosphate release a and b as
quantified by the Hoerl equation from the compost enriched with PR applied at
different rates, coefficient of determination R® and the standard etror SE. The
Hoerl kinetic equations gave highly significant R? at all levels of added PR
fertilizer to compost, For the entire reaction time, after one day of incubation, the
R? values ranged between 0.90%** and 0.97**. The lowest value was dstected for
control treatment. The treatments; however, all gave the highest values. At higher
incubation time of 120 davs, the R* values of different treatments were decreased
to reach 0.92** Concerning the SE parameter, after one day of incubation the SE
values were 0.08 for T1, T2 and T3. In control treatment, the SE of T1 and T3
shghtly increased to §.16 and 0.13. After 120 days, the SE values were increased to
0.19, 0.18 and 0.18 for T, T2 and T3, respectively. Worth to mention that other
incubation times gave the same trend for different treatments Kuo (1995).

Dividing the desorption data into the reaction periods from 1-60 min and
120-10080 min, Table 6 showed that Hoerl equation was superior o other kinetic
cquation tested, ie., modified Freundlich and diffusion kinetic equations. This
equation had higher R ranged between 0.98** and 0.99** in the | and the 2™
stages, beside the lowest the SE values in most cases.

In few cases, however, the MFE was seemly with Hoerl equation and both
superior as compared with parabolic diffusion equation especially in the starting
of reaction time. It is worthy to mention that the tested kinetic equation gave the
highly insignificant R* values especially in the 1* reaction time of 1-60 min with
very few exceptions through the entire incubation times tested, According to R’
and SE for both entire reaction time and its dividing into two stages, it could be
concfuded that kinetics of phosphate release from the compost enriched with PR
at different rates may be best described by Hoerl equation at the all levels of PR
applied and time of phosphocompost incubation {Rasha Ramzy, 2007).

The dissolution of P from phosphocompost consistently affected by rate of
PR added to compost materiai. Data in Table 6 indicated that increasing the
incubation time from one to 14 days in T, led to increase @ value from 7.27 to
8.17 min”' and from 6.03 t0 7.77 min’ in T, the same value in T, was increased
from 6.95 to 7.33 min’". The control treatment values in all cases take the
mintmum value.

Egypt. J. Soil. Sci. 48, No. 3 (2008)
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TABLE 6. Rate constants, coefficient of determination R” and standard error SE of Hoerl equation of phosphate

desorption from PR and PR-enriched compost treatments applied at different times of incubation.
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Unlike MFE or parabolic diffusion kinetic models, increasing of incubation
time over 14 days led to gradual increase in g values. At higher incubation time,
the rates of P dissolution values were increased in different treatments. After 120
days the results showed that o values were 11.82 min" in T, which represents
almost the double of the same treatment value represented after | day of
incubation. The data of T, treatment in the entire reaction time showed higher
dissolution rate as compared with other treatments. The o value after 120 days
was 21.1 min”' which represents almost three times of the same treatment value
calculated after 1 day of incubation. Application of high rate of PR {20%} in T;
did not give the expected increase in dissolution rate compared with T, and T-.
The results showed that a value of T; was 12.95 min’. This value was very
narrow with that obtained in T, which prepared by applying 10 %( of what?) to
prepared compost. In other words, the rate of PR applied to compost was not the
main facter controlled the dissolution rate of P from PR-compost system Mishra
& Banger (1986).

The initial concentration of P in the beginning of reaction at different
incubation time represented by b constant is presented in Table 6. The results
indicated that, increasing the incubation time, led to gradual increase in b
constant until 14 days of incubated treatments. After one day, the b constant of
the entire reaction time was 2.63, 2.82 and 2.72 mg kg'' for T1, T2 and T3,
respectively. Increasing the incubation time to 14 days, increase the same value
10 2.80, 3.11 and 2.92 mg kg'. At higher incubation time, data showed that b
values were decreased to 1.69, 207 and 1.90 mg kg' in TI, T2 and T3
respectively.

Dividing the entire reaction time into two periods consistently influencing R,
SE and the kinetic parameters represents the slope and intercept of the studied
modeis. Data in Table 6 indicated that after one day of incubation R? values in
the 1" stage ranged between 0.96" and 0.99™", the lowest value was observed
in PR treatment and the highest ones were for other treatments. The same values
in the entire reaction time for these treatments were 0.96"" Moreover, through
the entire reaction data the same trend was also observed. After 90 days the R’
values for TT, T2 and T3 were ranged between 0.98" and 0.99"", the same values
of the entire reaction time were 092", Data also indicated that SE values were
decreased by dividing the entire reaction time (Aharoni er al., 1991).

After 120 days the SE for the entire reaction time were ranged between (.18
and 0.19, in the 1" stage, however, the corresponding values were ranged
betwegen 0.09 and 0.14 and again the highest value was observed in PR
treatment, finally in should be mentioned that the same frend was observed in the
2" stage. In general, the kinetics of phosphate release from PR-compost system
might be best described using Hoerl equation or confirm the suitability of Hoerl
model to describe the kinetic data under different conditions. This equation also
proved superior to describe the kinetic data of the studied level of added
phosphate fertifizer and the time of incubating compost-fertilizer systems.
Moreover, Hoer! equation showed superiority over MFE and Diffusion equation
Egvpt. J. Soil. Sci. 48, No. 3 (2008)
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in most cases. In few cases, however, the MFE and the parabolic diffusicn
equation were equally adequate (Rasha Ramzy, 2007).

Data in Table 6 implies that the comparison between a values in both 1" and
2" stages indicated that most of P dissolution was observed in the 2" stage in all
treatments and the highest values were observed in T2 followed by T3 and Tt1,
the minimum value however was observed in PR treatment. In the 17 14 days,
especially in 2™ stage data showed that there is a gradual increase in a value with
increasing incubation time. Increasing the incubation time from | up tol4 days,
showed that a values of T, in the 2" stage increased from 11.61, 19.56 and 23.56
min'

After 14 days, the results indicated that a gradual decrease in g value
followed by slight increase with some few exceptions observed throughout
different incubation tested times. Worth to mention that in all cases, the control
treatment gave the lowest value as compared with other treatments applied with
keeping of the same trend of PR composted treatments,

Concerning b constant, the data indicated that at any incubation time the
initial rate of P, values of the 2" stage were higher than that of 1" stage. It
should be mention that increasing or decreasing order of these values throughout
the different incubation times studied was not observed in most cases. However,
in the first 14 days data of the same constant showed clear trend of gradual
increased in both stages.

In this study, the above mentioned results indicated that both MFE and
diffusion equation were fitted to describe P release rate from the compost-PR
system for different tested treatments. Moreover, both equations gave an
indication to the different mechanisms controlled rate of P release such as
chemosorption of P on function groups found in organic compost material and
diffusion. These mechanisms almost the main mechanisms which control P
release from this complex system. Morgover, according to Hoerl model, there 1s
continues dissolution of P throughout the different incubation time; however, the
rate of P release did not take linear-trend, In other words, the rate of P release
from PR-¢compost treatments take two trend shape such as the 1" one was
observed in the first 14 days and the second was observed throughout different
incubation times. Another factor may affect on the control rate of P release from
the studied system.

From the data depicted in Table 7 which represents the changes occurred in
pH of phosphocompost through different incubation times, it could be implies
that in T2, the increasing of incubation time from 1 to 14 days, produce a gradual
increase in pH of compost-15%PR system from 6.48 to 6.77. The corresponding
values were 6.54, 7.0 and 6.51, to 6.87 for T and T3, respectively. This result
explains the increasing of P released from T, compared with T, and Ts. The
same observation was reported by Mahimairaja et al. (1995).
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TABLE 7. Changes occurred in soil pH as affected by incubation times of different
tested treatments.

-
[ Treatment 0 7 i4 30 45 60 90 120
Tt . 6.3 6.7 7.0 7.6 79 8.8 9.3 10.0
T2 6.5 6.7 6.8 6.8 7.6 8.3 9.3 9.4
I L
I ;
T3 6.3 6.8 1 6.9 7.0 7.6 8.5 9.4 9.6
1 —

The application of 15% PR to compost enhanced P release from this system
compared with 10 or 20 % PR. By increasing the incubation time over 14 days,
an increase in pH according to the increase of ammonia concentrations (Fig. 2)
‘was observed. This increasing of pH led to decrease P release from the studied
organic phosphocempost.

200 1
£ 150 | L
2 |
= 1002[ | —e.—T2
T 50 | —a—T3

0 N

0 15 30 45 60 90 120

Time of incubation

Fig. 2. Changes occurred in NH,-N as affected by incubation times of different tested
treatments.

Moreover, data depicted in (Fig. 3) showed that changing occurred in
temperature of the studied systems throughout the entire reaction time, represents
an increase in phosphocompost temperature in the first 14 days from 32, 32, 32
after one day to 40, 45 and 42°C in T, T2 and T3, respectively. This result
enhanced P release from the studied treatments through the first 14 days and also
gave superiority to T2 over TI and T3 to give highest P desorption rate.
[ncreasing the incubation time over 14 days led to decrease in compost
‘température materials according to minimizing the microbial activity for
increasing the pH of the studied systems and subsequently decreasing the rate P
desorption from these systems,
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Fig. 3. CIEmging occurred in telﬁﬁerature of different treatments as affected by
incubation time applied.
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