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ABSTRACT 

 

Phosphate enriched compost using phosphate rock (PR) becomes paramount technique to increase soil 

fertility, beside minimizing the hazards of heavy metals pollution found in different chemical fertilizers induced 

phosphate appliedtonewly reclaimed soils. The aim of this work is to understand the effects of residence time 

and variation of soil temperature through the experiment on P release from phosphocompost system applied to 

sandy soil.Phosphate distribution through the entire reaction time of the experiment which continued to four 

months was also evaluated. The rate process of P released from the studied systems waskinetically performed to 

evaluate the effect ofsoil temperature through the incubation times on P availability in such systems. Sequential 

extraction technique was carried out to recognize P distribution and subsequently P availability through the 

estimation of readily available forms (water soluble and bicarbonate form) and hardly available form 

represented by organic form,besides understanding the effect of soil temperature on P distribution into various 

pools.The obtained results indicated that application of compost treated with 1.0%PR (T2) to the soil is the best 

treatment in overall experiment, increasedwater soluble (WS) and extractable Pcompared with other treatment 

applied.Concerning the effect of residence time on P release from different treatments, results showed 

significant increase in different pools studied in the 1
st
 30 days, followed by gradual decrease in the rest of 

incubation time of experiment. The effect of temperature on P release was pronounced through the increasing or 

decreasing of soil temperatureand inP distribution to different pools. Thereadily availableand hardly forms of P 

extracted significantly varied in investigated treatments with type of treatment applied, temperature and 

residence time; in all cases, however,the highest values of P release were noticed again in T2. In brief, the 

obtained results emphasized that variations in soil temperature through the entire reaction time was the key 

factor controlled P desorption anddistribution. Different mechanisms took place in P desorption under 

experimental conditions of the study were discussed. 
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Introduction 

 

Organic amendments applied to newly reclaimed areas include compost, farmyard manure, plant residues, 

food processing wastes, and sewage sludge. Many investigators have proved the effects of these amendments on 

physical, chemical, and biological properties. Although a wide variation in results exists in the literature on the 

effectiveness of composts to sustain phosphorus (P) nutrition of crops (El-Kherbawy et al.,2007).Composting is 

increasingly recognized as a viable management method for solid organic wastes (Rashawahdan, 2007). One of 

the advantages of composting is the possible recycling of its end-product, composts, in agriculture or 

horticulture. Because of their high concentration in organic matter and nutrients, composts have been used for 

years as soil amendments.  

In this respect, Sinaj et al. (2002) studied the effect of compost and soil properties on the availability of 

phosphate for white clover. They referred that the effect was related to a general improvement of plant growth 

conditions, and / or the release of Al –or Fe bound soil P to the solution due to soil pH increase following 

compost application. 

The assessment of phosphorus management among organic farming systems, in southwestern France, has 

been investigated by Thomas et al. (2012). They draw the attention to the source of organic products within 

agricultural regions e.g. from organic or conventional farms or urban areas. 

Valuable data have been published by Frossard et al. (2002) on the forms and exchangeability of inorganic 

phosphate in composted solid organic wastes. They used isotopic exchange kinetic technique, a sequential P 

extraction and magic angle spinning (M A S) solid state .They found significant correlation in alkaline composts 

between the amount of P (inorganic) which can not be exchanged within 3 months and the total P and Cacontent 

.The slowly or non – exchangeable Pi present in these composts could therefore be bound to Ca in the form of 

apatite or octacalcium phosphates. 



521 
Middle East j. Appl. Sci., 4(3): 520-527, 2014 

 
Some experiments on the effect of composting time on phosphate exchangeability have been carried out by 

Traore et al. (1999). The changes in Pi by time (from 1 min- 3 months) were related to the loss of water soluble 

Pi from composts and to the formation of phosphate precipitation with Ca, Mg and for Fe. 

Detailed research work has been conducted by Biswas (2011) using rock phosphate and waste mica 

enriched compost on crop productivity and changes in soil fertility under potato-soybean cropping sequence in 

Inceptisol of Indo-Gangetic Plains of India. He concluded that the development of enriched compost could be an 

alternative and cost effective option to prepare a value added organic fertilizer and to utilize agricultural wastes 

and low- grade materials such as RP and waste mica along with bioinoculant in place of costly chemical 

fertilizers from crop production and maintaining soil health. 

 

The main objectives of this research work are: 

-evaluating the effect of residence time of composting the phosphate rock and variations in soil temperature 

on the rate of P release, through different treatments in sandy soil. 

-Understanding the distribution of P into different pools which controls phosphate bioavailability. 

 

Materials and Methods 

 

Soil sampling: 

 

In this study, topsoil (0–30 cm) of surface sandy soil was collected from El-Natron village, EL-Behera 

Governorate. This soil is characterized by pH: 8.3; EC: 0.71 dS m
-1

 at 25
o
C; clay content 2.4 %; silt 5.6; sand 

content: 92 %; CaCO3 content 3.70 %; CEC 3.61 me100g
-1

; organic matter content 0.8 %; total N 239.5 ppm; 

total P2O5 and K2O were 61ppm and 330ppm respectively. Soil sample was air dried and ground to pass through 

a 2-mm sieve. 

 

Treatments and experimental design: 

 

Fifty grams of oven-dried soil samples were weighed into 200 ml plastic bottles and mixed with the three 

Phosphocompost types (T1-T3) treatments with different rates of phosphate rock aspresented in table (1). Worth 

to mention that (0.0% PR)was taken as control treatments. The soil and different treatments applied were 

thoroughly mixed, moistened to approximately 50% of available water (AW)and incubated aerobically at 25
o
C 

for30, 60,120 days. Distilled water was periodically added to maintain the mixtures at approximately 50% of 

available water throughout the study. At the end of each incubation period, treated soil samples were taken and 

prepared for fractionation study. 

 
Table 1: Some chemical and nutritional properties of the studied Phosphocompost applied to the studied sandy soil 

Phosphocompost sample 

(PC) 
C/N 

Total Macronutrients 
 % 

Available Macronutrients 
 

N P K 
N 

(%) 

P 

(ppm) 

K 

(ppm) 

C+ 0.5%PR (T1) 20:1 1.6 2.3 1.3 0.060 820 8030 

C+ 1.0%PR (T2) 23:1 1.8 2.5 1.5 0.028 1050 7040 

C +1.5%PR (T3) 25:1 1.9 2.7 1.4 0.129 1540 7500 

 

PC 

 

pH 
(1:20) 

EC 

dSm-1 
(1:20) 

Soluble cations Soluble anions 

Na+ K+ Ca++ Mg+

+ 
CO3

-

- HCO3
- Cl- SO4

-- 

T1 8.4 1.4 3.1 11.6 1.7 1.3 - 3.0 8.2 6.5 

T2 8.4 0.9 3.5 9.0 2.4 2.1 - 2.7 5.5 8.8 

T3 8.6 1.8 3.7 11.4 1.8 2.2 - 2.8 8.2 8.1 

 

Kinetic analysis: 

Two  kinetic models were tested including the fractional power equation and the Elovich equation. The 

mathematical expressions are as follow: 

In order to investigate the mechanism of sorption and potential rate controlling heavy metals transport and 

chemical reaction processes, both theoretical and empirical widely used kinetic models have been applied to test 

the experimental data. Equations presented in Table (2) were used to fit the data of three heavy metals under 

investigation. 
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Table 2: Equations used to study the adsorption of three heavy metals.  

Models 

 

 

Equation Description 

Elovich 

 

qt = b+ (1/a) ln t 

 

qt sorption capacity at time t in min 

t    time in min 
 

a  and  b constants 
Modified Freundlich equation q = bka 

log q = log b + a (log t) 

 

Thus the constants can be obtained from the slope and intercept of the linear plot of q t versus t. Equations 

will be used to test the applicability of each equation to the kineticsof each heavy metal sorption on soils (Sparks 

1989). 

 

Phosphate distribution study: 

 

Phosphate distributions were conducted according to Ma and Rao, (1997). In summary, one gram of each 

soil sample is weighted into a 40-ml polycarbonate centrifuge tube and the following steps were carried out: 

(1) Step 1: Water soluble P. 

(2) Step 2: Exchangeable P (NaHCO3–P) 

(3) Step 3: Carbonate-Form (CA) 

(4) Step 4: Organic Form (ORG): The residue from Fe-Mn oxide fraction is extracted with 3 ml of 0.02 M 

HNO3 and 5 ml of 30% H2O2 (adjusted to pH 2 with HNO3).   

(5) Step 5: Residual P, by refluxing the soil residue from (4) in 1 ml of a 5:2 mixture of concentrated HNO3 

and HClO4, and determining P in the digest . 

By spectrophotometer all measurements of P were done in triplicate, and data statistically analyzed 

according toSAS (SAS, 1985). 

 

Results and Discussion 

 

Effect of residence time and applied treatments on the kinetics of Phosphatedesorption from different 

phosphocompost treated soils: 

 

Figure (1) represents the kinetics of P release from the studied treatments. As a general trend and regardless 

the treatment applied, the kinetic of P release from the treated soils was very rapid in the first two hours of 

reaction time, followed by decrease in rate of P release then had an almoststeady state conditions of P desorbed 

from the system. After one day of incubation, data showed thatT2 (compost+ 1.0% PR) was the highest 

treatment in P release reached to 85 ppm at the end of kinetic study. T3 which had compost enriched with 1.5% 

of PR comes after T2 in P release from the treated soil, after one week of the kinetic study the P value released 

was 72 ppm followed by T1, 57 ppm and the lowest value was observed in control 43 ppm. 

Increasing the incubation time to 30 days significantly increased the rate of P release in all treatments 

applied including control treatment. Data showed that T2 released about 103 ppm, followed by T3, T1 and 

control. After 60 days, significant decrease was observed in all treatments applied and continued for 120 days. 

In T2, P release concentration decreased to 89 and 72 ppm after 60 and 90 days of incubation, represent about 

30% decrease compared to the value of 30 days.  

Rate constants of MFE and Elovich kinetic models, the best fitted models in describing the rate of P release 

from phosphocompost treated soils as affected by incubation time: 

 
Fig. 1: Maximum values of phosphate release from the treated soil 
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Table 2: Rate constants of MFE and Elovich models describe phosphate release from phosphocomposttreated soils. 

Elovich MFE 

1day 

 a b R2 SE  a b R2 SE 

C 5.35 10.01 0.96** 3.91 C 0.232 1.05 0.92** 0.11 

T1 6.83 13.70 0.97** 4.48 T1 0.220 1.19 0.93** 0.10 

T2 10.25 21.63 0.96** 7.94 T2 0.226 1.36 0.91** 0.12 

T3 8.66 19.74 0.95** 7.48 T3 0.221 1.31 0.90** 0.12 

30 days 

 a b R2 SE  a b R2 SE 

C 7.01 10.87 0.96** 6.50 C 0.215 1.13 0.91** 0.13 

T1 7.74 13.77 0.97** 6.46 T1 0.203 1.22 0.92** 0.12 

T2 10.28 18.36 0.99** 5.50 T2 0.188 1.38 0.95** 0.09 

T3 9.54 14.21 0.98** 6.48 T3 0.203 1.29 0.94** 0.10 

60 days 

 a b R2 SE  a b R2 SE 

C 6.61 5.45 0.96** 5.82 C 0.257 0.94 0.92** 0.15 

T1 6.75 9.96 0.96** 6.15 T1 0.226 1.08 0.90** 0.15 

T2 9.18 16.00 0.97** 7.35 T2 0.197 1.31 0.93** 0.10 

T3 8.09 12.83 0.95** 7.97 T3 0.219 1.18 0.90** 0.14 

120 days 

 a b R2 SE  a b R2 SE 

C 4.10 16.07 0.90** 6.07 C 0.156 1.19 0.92** 0.13 

T1 4.47 13.97 0.98** 2.79 T1 0.152 1.20 0.94** 0.08 

T2 7.00 39.27 0.95** 3.97 T2 0.077 1.60 0.90** 0.05 

T3 6.41 10.86 0.95** 6.34 T3 0.215 1.10 0.90** 0.14 

 

 

The rate constants of Elovich and MFE equations as represented in table 2 showed that according to 

coefficient of determination (R
2
), both equations well described the rate of P release from the system. The R

2
 

values of Elovich ranged between 0.95**-0.99**, meanwhile, it ranged between 0.90**-0.95** in MFE, 

however according to lower standard error SE values MFE was the best in describing the rate of P release from 

the system. 

 

Effect of variation in soil temperature on the maximum release of P from phosphocompost treated soils at 

different incubation times: 

 

Figure 2 represents the variation in soil temperature through the entire reaction time of the experiment, i.e., 

120 days. Results showed that increasing temperature in the beginning of composting time reached 45
o
C in T2 

after 15 days then gradually decreased to 30
o
C at the end of incubation time. The same trend was also observed 

for other treatments applied.The decreasing order for treatments applied was T2 > T3 > T1. 

 

 
 

Fig.2:Change of soil temperature through the entire reaction time of phosphor-compost treated soils. 
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The correlation analysis between the rate constants of best fitted models as shown in table 3indicated high 

significance between variations in temperature and rate constants of Elovich equation, meanwhile, all constants 

of MFE showed non significant trend. The correlation values between rate constant and temperature which 

represents the rate of P release ranged between about 0.90** and 0.93**, meanwhile for b constant the range 

was between 0.96**-0.98**.  The negative correlation between b constant which represents the capacity factor 

and the variation in temperature through the entire reaction time was expected. 

As previously mentionedElovichmodel becomes an important kinetic equation related with P plant uptake 

under different conditions. The a value was found to be inversely proportional to the supplying power of the 

tested soils (Raven and Hossner, 1994). 
 

Table 3: Correlation analysis between rate constants of the best fitted models and the temperatures of the treated soils through the different 

incubation times   
 

Treatments 
Elovich MFE 

a b a b 

C 0.906** -0.980** 0.431 ns -0.108 ns 

T1 0.925** -0.960** 0.542 ns 0.227 ns 

T2 0.923** -0.974** 0.447 ns -0.579 ns 

T3 0.898** -0.960** -0.646 ns 0.592 ns 

**: high significance                       ns: non significance 
 

 

Effect of soil temperature variation through the incubation time on P distribution to different pools in treated 

soil: 

 

In the structure-less soils like sandy soils which represent more than 90% of Egyptian area amended with 

different organic forms like organic matter or different kinds of composts, it is found that some forms in 

sequential extraction such as readily available and organic forms are very important parameters controlling the 

uptake of different nutrients especially phosphate fertilizers (El-Kherbawy, et al., 2007; Zaghloul and El-

Kherbawy 2009). In this work, although all fractions were determined according to Ma, and Rao 1997, the 

distribution of P in both readily available and organic forms will be discussedonly in relation to both residence 

time and the effect of temperature on P distribution of those forms. Because of the non-significance of other 

fractions, they will be disregarded. 

 

Readily available pools: 

 

In most researches applied, sequential extraction was used to evaluate the distribution of phosphorus, it is 

assumed that water soluble or soluble soil phosphorus and exchangeable pool are the most readily available 

forms for growing plants. Huguenin-Elie et al. (2003) asserted that only 10% of the P taken up by crops was 

drawn from readily available pools; the bulk was drawn from sparingly soluble pools as a result ofsolubulization 

induced by root exudates. 

 

a. Water soluble phosphate: 

 

Water soluble form (WS) extracted by water from amended treated soils, in all treatmentsdoes not exceed 

1.5 % of all forms of total P studied. The effect of residence time represents an increase of WS-P after 30 days 

of soils incubated with phosphor-compost followed by a decreasing order. In T2 which showed the higher value 

of WS-P after 120 days, the P value increased from 2.9 ppm after 1 day incubation to 7.13 ppm after 30 days, 

followed by a decreasing order to reach 4.24 ppm after 120 days, the same trend was observed in other 

treatments applied. 

The effect of temperature was not observed after 1 day incubation, data showed that although the 

temperature was table at 32
o
C, the WS-P varied from 1.2 ppm in control to 2.9 ppm in T2. After 30 days of 

incubation, the rate of PR applied was the factor controlling the WS-P, the highest value 8.27 ppm was observed 

in T3, which had 1.5% PR, the highest application rate applied, in the rest of incubation time studied although 

the temperature values were decreased compared to 30 days, T2 had the highest values compared to other 

treatments applied.It should be mentioned that the lowest value of WS-P which was observed in control had the 

lowest temperature in all incubation times studied. 
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b. Exchangeable phosphate: 

 

The extractable P by NaHCO3 significantly varied due to the applied treatments and time of soil incubation. 

As a general trend, increasing the incubation time to 30 days increased the Exch-P, followed by decreasing 

concentrations in the rest of incubation times studied regardless of treatments applied. As shown in figure (4), 

data showed that in T3 for example the concentration of P in this form was 15.2 ppm after one day of 

incubation. This value increased to about 17 ppm after 30 days then decreased to 12.5, 11.2 and 10 ppm after 60, 

90 and 120 days, respectively. 

 

 
Fig.3:Effect of incubation time on water soluble P fraction in different treatments applied. 

 

 
 

Fig. 4:Exchangeable-P as affected by different treatments applied to sandy soil and time of soil incubation. 

 

Concerning the effect of soil temperature through the residence time, it was noticed that increasing or 

decreasing P concentration in this form was parallel to increasing or decreasing temperature. In T1, increasing 

temperature from 32 to 40 after one and 30 days, increased the extracted P from about 12 to 18 ppm 

respectively.Decreasing temperature to 28 for the treatment after 120 days hasdecreased the extracted P by 

NaHCO3 to about 11.5 ppm. 

Like the water soluble form, the rate of PR applied to compost didn’t influence the concentration of Exch-P 

regardless of soil incubation time. After 60 days of incubation, application of 0.5% PR to compost amended soil 

(T1) gave about 14.5 ppm while increasing the rate of PR applied to 1%, increased the P extracted to about 

18ppm. By increasing the rate of PR applied to compost to 1.5%, the extracted P decreased to about 12.4 ppm, 

worth to mention that the same result was observed in all treatments applied. 
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Organic P form: 

 

Organic P fraction constituted the largest P fraction among other fractions in different treatments applied 

toused soil and at different incubation times. Moreover, in this fraction the differences observed among different 

treatments had a slight significance with some exceptions.  

Data plotted in Figure 5representthe effect of incubation time on P extracted fromsoils by step 4 in 

procedure. Like readily available forms P extracted from all treatments applied increased after 30 days of 

incubation then graduallydecreased through the rest of incubation times.In T2 (soil treated with compost+1.0% 

PR) which showed the maximum P value, the org-P extracted was about 17 ppm after one day incubation, this 

value increased to about 22 ppm after 30 days and then gradually decreased to 18, 16 and 15 ppm after 60, 90 

and 120 days respectively. It should be mentioned that all other treatments showed the same trend. 

In most cases, results showed the effect of increasing temperature on Org-P pool had increased the P 

extracted. Data depicted in the figure showed that increasing the soil temperature from 32 to 41
0
C, led to the 

increaseof extractable org-P from 15 to 17 ppm while decreasing the temperature to 28
0
C in the same treatment, 

decreased org-P to 10 ppm. 

 

 
 

Fig. 5:Extractable Organic P at different incubation periods as affected by different treatments applied to sandy 

soil and temperature regimes at these times  

 

The importance of organic pool in plant nutrition was documented bySharpley (1985), who reported that 
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added in fertilizer (13–100 kg P ha-
1
), and was not inhibited by fertilizer P addition. On the other hand, McGill 

and Cole (1981) reported that the mineralization of organic-p occurred only when the supply of inorganic P is 
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In arid regions phosphate undergoes different reactions in soil system that minimizes bioavailability to 

growing crops. In this work, results imply that after 30 days of added phosphocompost to sandy soil, phosphate 

release significantly increased compared to control treatments, this results logically expected for the decreasing 

of pH with increasing of soil temperature, and both factors directly influence the dissolution of PR in soil 

system.  

In addition, increasing acids in soil system such as humic and fulvic acids will react with phosphate 

dissolution led to increase phosphate sorption capacity and minimize the rate of phosphate release as mentioned 
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Conclusions: 

 

The results of the present work showed that the sequential extraction technique, allows us to clear up 

phosphorus/ compost (phosphocompost) relations in soil system of newly reclaimed soils. Data observed 

indicated that, the association of phosphorus into different pools controlled by residence time and type of 

treatments applied. Application of T2 (compost+1.0% PR) in sandy soil increased the readily available pool 

compared with either control (PR) or other treatments applied.  

As a general conclusion increasing time of soil incubation, led to decreaseof readily available but increases  

the hardly available ones with different percentages according to treatment applied and the type of fraction 
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studied. The organic pool in all cases takes the highest values compared to other pool studied. Also, increasing 

or decreasing of soil temperature through the growing season, directly influenced increasing or decreasing P 

extracted from the treated soils. 

The kinetic study applied in this experiment indicated that the reaction rate of P redistribution through the 

entire reaction time takes two directions regardless of the type ofpool. This phenomenon represents different 

mechanisms controlling P redistribution under such conditions. However, the more available pools, i.e., water 

soluble, exchangeable, NaOH, and HCl-P take a reverse trend compared to hardly available pools investigated. 

The economic aspect of the enriched composts technology has to be considered in future investigations.
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