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Phosphorus is an essential nutrient for plants, and consequently has great influence on agricultural 
productivity. Rock phosphate as natural mined rock is distributed in many localities in the world and in 
the western desert in Egypt. The importance of the rock phosphate is related to its high content of 
phosphorous element from 16 to 20% according to the source of mine. Several approaches and 
techniques have been followed for the treatments of rock phosphate to get benefits of its content from 
available phosphorus. In this experimental research, three natural materials have been applied to be 
mixed with the rock phosphates to obtain available phosphorus through incubation time from 0-120days. 
Organic cattle manure has been added to the pots of calcareous samples at rates of 0 to 10.0% and 
kept for 120 days.  Another batch of the experiment has been treated with sulfur doses from 0 to 2% 
mixed with the rock phosphate.The ammonium zeolite at rates of 0 to 20 g/Kg have been added to the 
calcareous samples and incubated at intervals30,60,90 and 120 days. The valuable information 
obtained from these laboratory experiments refer that mixing the rock phosphate with cattle manure 
(45.23 organic matter at rate of 5.0 to 10.0% increased the available phosphorus due to the formation of 
Ca and organic matter complex and chelating capacity of organic acids.The successful treatment with 
sulfur on the availability of phosphorus is related to the oxidation of S to sulfuric acid and reacts with 
calcium phosphate and calcium carbonate ending to release of phosphorus. The addition of 2.0% S 
resulted in the highest concentration of available P after 60 to 120 days. The specific nature of zeolite 
with its high CEC surface area particularly after treatment with ammonia proved to be very efficient for 
their application in mixing with rock phosphate to increase available phosphorus in the calcareous soils. 
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INTRODUCTION 

Rock phosphate contributes in producing of 
the world’s phosphate fertilizers and mostly 
contains some forms of the apatite mineral. 
However rock phosphate is a mined rock that 
contains clay and limestone as well as a high 
concentration of phosphorus. Rock phosphate 
actual composition varies depending on its source 
but it contains approximately from16 to 20 % 
phosphorus. 

U.S geological survey by Jasinki, 
2010estimated the world total rock phosphate 

reserve is 16,000 million metric tons (MMT). On 
the other hand, the International Fertilizer 
Development Centre (IFDC) reported that the 
global rock phosphate reserves approximately 
60,000 MMT of concentrate that can be 
economically extracted at the current prices 
byVan-Kauwenbergh (2010). 

Sources of the world phosphorus are 
insufficient as compared to requirements of plant 
nutrients, thus, phosphate should be used 
efficiently to preserve the rock phosphate sources 
and enhance agricultural productivity (FAO, 
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2010). In short term many of the rock phosphate 
sources have low inherent reactivity and are less 
likely to release adequate amount of phosphorus 
into the soil solution. Therefore most types of rock 
phosphate are not suitable of direct application for 
annual crops with high phosphorus necessity. 
However these types of rock phosphates can be 
modified and release more available amount of 
phosphorus to the plant (Straaten, 2002).There 
are substitute ways to increase the agronomic 
efficiency of rock phosphate mainly by biological 
function such as bacteria and fungi which have 
the ability to change insoluble phosphates to 
soluble forms (FAO, 2004). In this point Zayed 
and Abdel-Motaal (2005) added that the rock 
phosphate solubility is increased by composting 
with organic wastes and applied as phosphate 
fertilizers. Furthermore, Cordell et al. 
(2009)reported that rock phosphate is 
recommended as an organic fertilizer which is 
essential for organic food production.  

The main factors which controlling rock 
phosphate solubility in soils are high pH, calcium 
carbonate content, clay content and soluble Ca, 
Al, Fe, or use of extensive amount of water as in 
rice fields ( Muraoka et al., 2002).   

Marschner (1995) pointed out that  areas of 
calcareous soils cover more than 30% of the 
earth’s surface and their CaCO3content varies 
from a few percent to 95%.Leytem and Mikkelsen 
(2005) briefly explained the problem of 
phosphorus in calcareous soil that calcium ions 
are strongly bound to the phosphate and need to 
be released to the soil solution before a plant can 
take them up and the soil reacts with calcium 
forming minerals in phase dicalcium phosphate 
dehydrate then octa-calcium phosphate and with 
long time turn to hydroxyl-apatite. Researchers 
have examined the solution of rock phosphate in 
soils and its subsequent effect on soil availability 
such as particle size of rock phosphate, soil pH 
and concentrations of calcium and phosphorus in 
soil solution (He et al., 2005).                                                         

With respect to alkaline soil, Elgala and  
Amberger (2017) stated that in alkaline and 
calcareous soil organic matter can be used in 
solubilizing rock phosphate and increase 
extractable phosphorus. For the effect of organic 
manure on availability of rock phosphate, 
research results by Akande et al., (2005) showed 
that application of compost manure mixed with 
rock phosphate has significantly higher available 
amount of phosphorus than the use of rock 
phosphate alone.  

The obtained results by Sahin et al., (2014) 

proved that the fixation of phosphorus in soils was 
decreased and phosphorus uptake of plants are 
enhanced by using humic substances in 
interaction with phosphorus. Al-Oud (2011) 
concluded that in calcareous soil the amount of 
available phosphorus from rock phosphate 
increased by increasing incubation time. Also the 
application of organic acids, and/or elemental 
sulfur could be successfully used for increasing 
phosphorus availability from rock phosphate. 
Amberger (1991) pointed out that the use of straw 
or other organic waste materials with composting 
rock phosphate resulted in phosphate 
mobilization. Also explained the decreased in the 
soil pH due to   the driving force for rock 
phosphate solubilization and the chelating effect 
of simple organic acids as malic and citric acids, 
and complex acids as humic and fulvic acids on 
calcium ion from insoluble phosphate forms. 

For the effect of sulfur on the availability of 
phosphorus from rock phosphate Elgala and 
Amberger (2017) reported that in alluvial and 
calcareous soils the rock phosphate can be 
applied as a source of phosphorus as long as 
sulfur or organic materials are mixed close to the 
root system. Hilal and Helal (2013) reported that 
inoculation of S- oxidizing bacteria mixture with S-
P enhances the oxidation of S and maximizes its 
decrease of the soil pH and on P availability in 
calcareous soil. In this point Heydarnezhad et al., 
(2012) added that the sulfur facilitated the 
solubility of the phosphorus, iron and zinc by soil 
microorganism in the calcareous soil.  

For the effect of zeolite on availability of 
phosphorus from rock phosphate, the clay 
minerals such as zeolite, when saturated with 
mono-ion nutrient cations, such as NH4

+ and Na+, 
have been reported to increase the solubility of 
rock phosphate. Therefore addition of ammonium 
zeolite was shown to increase rock phosphate 
dissolution due to removal of calcium ion by 
zeolite through cation exchange (Allen et al., 
1993). 

He et al. (1999a) found that addition of urea 
and zeolite increased average rock phosphate 
dissolution due to acidification by urea and 
removal of Ca2+as it was exchanged with Na in 
zeolite . 

Zeolite with heavy metals, Wahba et al., 
(2016) recorded that zeolite, as a remediation 
material, was more effective on the adsorption of 
heavy metals than bentonite. This was due to the 
specific structure of zeolite, high cation exchange 
capacity and large surface area. However, 
bentonite has certain properties as its ability to 
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form thixotrophic gels with water and relatively 
high cation exchange capacity which allowed the 
adsorption of heavy metals and reduced their 
release in soils. On the other hand Hasanabadi et 
al., (2015) indicated that zeolite was able to 
decrease the amount of uptake and transmission 
of lead and cadmium in plant and with decreasing 
the harmful effects of these elements cause to 
increase the growth traits 

The main goal of this experimental work is to 
apply natural materials as compost organic 
manure, sulfur or zeolite mineral to be mixed with 
rock phosphate to release the phosphorus 
element in soil, particularly in calcareous soil, to 
be available for plant uptake. Also the time on 
incubation of these mixtures is also important to 
release maximum of available phosphorus in soil. 
 
MATERIALS AND METHODS 

For studying the effect of compost manure, 
sulfur and ammonium zeolite (NH4

+zeolite) on the 
availability of phosphorus from rock phosphate in 
calcareous soils, soil samples collected from Burg 
El-Arab area N 29° 33′ 14.04″, E° 54′ 10.08 
30″,Alexandria governorate, Egypt. Some 
chemical and physical characteristics of the soils, 
rock phosphate, compost and zeolite are recorded 
in tables 1, 2, 3 and 4.  

Table (1): Some chemical and physical 
characteristics of the calcareous soil 

Soil property Calcareous soil 

Fine sand% 9.33 

Coarse sand% 82.47 

Silt% 4.78 

Clay% 3.42 

Texture Sand 

pH 1:5 8.65 

EC dSm- 1 1.71 

Organic matter% 0.13 

CaCO3% 31.5 

CEC Cmolkg- 1 3.65 

Total P% 0.10 

Table (2): Chemical composition of the rock 
phosphate 

Compound Value (%) 

P2O5 28.32 

CaO 48.33 

MgO 0.40 

Fe2O3 2.20 

Al2O3 0.62 

CL 0.07 

F 2.10 

SO3 2.15 

SiO2 7.11 

Na2O 0.60 

K2O 0.05 

CaCO3 10.80 

Table (3): Some properties of the compost of 
cattle manure used 

 
Compost properties 

EC dSm- 1 2.51 

pH1:5 7.31 

OM% 45.23 

C % 14.12 

C:N ratio 1:12 

N % 1.65 

P % 0.23 

K % 2.41 

 
Table (4): Selected chemical analyses of 

zeolite mineral  
 

zeolite properties 

C.E .C.   Cmolc Kg-1 180 

Surface area. (m2 g-1) 85.73 

pH 1:2.5 6.40 

K2O % 3.13 

Na2O% 0.56 

SiO2 % 60.45 

Al2O3% 12.71 

Fe2O3% 3.25 

CaO% 2.51 

The soil samples are calcareous sand soil, 
Calcids (table1). Sedimentary rock phosphate 
contains from Isna Governorate (Upper Egypt). 
Soil samples were air dried and passed through 
2mm sieve and analyzed for the following: particle 
size distribution, pH, total soluble salts (Black et 
al., 1982), Nelson and Sommers (1996) for the 
determination of soil organic matter and calcium 
carbonate, Loeppert, and Suarez (1996).  For the 
determination of available phosphorus using the 
method described by (Olsen and Dean, 1965). 

Laboratory Incubation Study 
A set of experiments were carried out on March 
2017 for 4 months under the laboratory conditions 
to investigate phosphorous availability from rock 
phosphate (RP) in calcareous soil treated either 
with compost manure, sulfur and 
NH4

+zeolite.Preparation of ammonium-zeolite: 
The zeolite mineral was ground to pass a 0.5 mm 
sieve, and then saturated with NH4

+ using 1mol(c) 
l-1 solution of, NH4Cl. A 1:2 suspension (2 parts 
chloride salt solution to 1 part  zeolite) was 
shaken in an end-over-end shaker for 24 h, the 
zeolite allowed to settle, and the supernatant 
decanted. This procedure was repeated five 
times. The saturated zeolite was then repeatedly 
washed with deionized water at 1:5 ratios until the 
AgNO3 test for Cl- was negative. 
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Pots (25cm diameter, 25cm deep and 5kg soil) of 
the soils were treated with different rates of rock 
phosphate namely (10, 40, 80, and 120 kg P2O5 
ha-1) were thoroughly mixed with the soil (control). 
Four rates of compost manure (0, 2, 5 and 10%) 
were mixed with the soil and rock phosphate in 
pots.  
Four rates of elemental sulfur contains (15%S) 
namely by treatment (0, 1.0, 1.5 and 2.0% of soil) 
with rock phosphate.  
Zeolite doses were (0, 5, 10 and 20 g.kg soil -1) 
with rock phosphate. Distilled water was added to 
reach the maximum water holding capacity. Soil 
samples were taken at different incubation time 
namely, 30, 60, 90 and 120 day from starting 
experiment. At the end of incubation time, soil 
samples from each pot were analyzed to 
determine the amount of phosphorus.   
 
RESULTS 

The obtained results illustrated in figure (1) 
described that the rate of rock phosphate and the 
time effect on the amount of available 
phosphorus. The highest quantity of P-available 
was 2.45mg/kg at 120day without compost 
followed by (90, 60, 30, 0 day) respectively.  

Data presented in table (5) reveal that the 
amount of available P from rock phosphate could 
be increased by increasing incubation time of rock 
phosphate in calcareous soil. The amount of 
available phosphorus with zero time was 
1.11mg/Kg at rate 120 kgha1 after 120day became 
2.45 kgha1. These results agreed with Al-Oud 
(2011) who concluded that in calcareous soil the 
amount of available phosphorus released from 
rock phosphate increased with the time. 

 
Concerning the effect of compost manure 
on availability of rock phosphate, data in table (5) 
indicated that the amount of available P increased 
with the rate of compost manure. The highest 
amount of P-available was (27.13mg/kg) with 
(10% compost manure) after 120 days of 
incubation. The lowest amount of P-available was 
1.45mg/kg with (2% compost manure) at zero 
days. These results agreed with Ivanova et al., 
(2006) who declared that the availability of rock 
phosphate increased markedly if applied along 
with organic acids, or with organic wastes due to 
their influences in lowering soil pH values along 
with chelating Ca and Mg ions and consequently 
increases the availability of phosphate. Figure (2) 
shows the role of compost manure with incubation 
period in availability rock phosphate. 

It is obtains from the figure that the impact of 

compost is relatively low until 5.0% and enhanced 
clearly until 10.0% compost especially after 60,90 
and 120 days to reach about 30mg/Kg 
phosphorus.  

 The mechanism of organic matter on 
availability of rock phosphate is associated with 
the formation of Ca and organic matter 
complexes. Consequently reducing calcium fixed 
or combined with phosphorus in rock phosphate. 
Another role is due to chelating capacity of 
organic acids and other decay products to cations. 
Similarly Kpomblekou and Tabatabai (2003) 
reported that as a result of low pH of soil solution 
by low molecular weight of organic acids 
phosphorus availability can be increased although 
the action of these acids is significantly reduced 
by the free carbonate contained in rock 
phosphate.  

On the other hand, Rao et al., 
(2009)demonstrated thatthe release of 
phosphorus from rock phosphate during mixing 
with compost manure is due to action of 
mineralizing enzymes like acid and phosphor 
monoeasterase and presence of organic acids 
(glycolic, oxaloacetic, succinic, fumaric, malic, 
tartaric and citric acids) produced during 
decomposition of organic matter which decrease 
the pH of soils (Zayed and Abdel-Motaal2005). 

Humic acid and fulvic acid are the type of 
chelating substances, which are produced in soil 
during the decomposition of organic matter. The 
higher increase in exchangeable Ca concentration 
in humic compounds added treatments compared 
to without humic compounds is thought to be due 
to soil pH decrease and chelating of 
exchangeable Ca by functional groups, especially 
COOH, contained in the humic compounds. So 
they have negative charges that can bind cations 
such as Ca++ is explained by equations: 

Organic matter- COOH- + P-Rock →   Organic 
matter-Ca++ + H2PO4

- + CO2 + H+ 
Ca10(PO4)6F2 + 4 H3PO4 → 10 CaHPO4 + 2 

HF                            
Ca10(PO4)6F2 + 14 H3PO4 → 10 Ca(H2PO4)2 

+ 2 HF               
It means that the decrease in soil pH will be 

followed by the increase in exchangeable Ca and 
conversely, followed by the increase in dissolved 
P. 
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Figure. (1) The effect of time of incubation on the available phosphorus 
 

Table (5) Effect of compost manure on the availability of P from rock phosphate in calcareous soil 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
  

Figure  (2). The effect of compost on availability of phosphorus with time 

Compost 
% 

P2O5 
rate 

(kgha1) 
 

P (mg/Kg). Incubation period (day). 

Zero 30 60 90 120 

0 

10 0.51 0.83 0.95 1.13 1.45 

40 0.63 0.92 1.23 1.33 1.52 

80 0.72 1.10 1.36 1.53 1.83 

120 1.11 1.56 1.87 2.11 2.45 

2 

10 1.45 2.41 4.21 5.89 6.23 

40 2.67 3.67 5.23 6.25 7.55 

80 3.23 4.35 6.67 7.27 8.39 

120 4.56 5.76 8.89 9.34 10.24 

5 

10 2.11 3.34 6.45 7.34 8.21 

40 3.31 4.76 8.88 9.78 10.43 

80 4.67 6.35 9.98 10.34 11.56 

120 5.78 7.57 12.89 14.87 15.45 

10 

10 3.56 5.23 8.45 9.12 10.14 

40 4.56 6.34 11.24 13.15 15.67 

80 5.32 8.94 14.88 17.67 19.89 

120 7.67 10.98 18.87 23.34 27.13 
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Figure (3). The effect of sulfur on availability of rock phosphate with time 

 
The effect of sulfur different treatments on the 

availability of phosphorus from rock phosphate in 
the calcareous soil was studied and the obtained 
results are shown in table 6. 

The application of sulfur with rock phosphate 
was successfully, whereas the amount of 
phosphorus available increased from 2.45 to 
47.36 mg/Kg after 120 days incubation. The role 
of sulfur in availability of rock phosphate due to 
the oxidation of sulfur to sulfuric acid, and react 
with calcium phosphates and calcium carbonate 
ending up with the formation of calcium sulfate 
and the release of phosphorus from rock 
phosphate. 

This result agreed with Hilal and Helal (2013) 
who reported that the oxidation of the sulfur 
paralleled the increase in available  
 
phosphorus and the production of sulfuric acid by 
oxidation of sulfur. On the other hand, sulfur 
decreased the pH of soil consequently increased 
the availability of rock phosphate due to the acid 
function as indicated by the following chemical 
equations: 
Rock phosphate + S→ sulfuric acid +calcium 
sulfate + P 

Figure (3) reveal that when increased the rate 
of sulfur from 1 to 2% increased the amount of 
available phosphorus with time from 29.86 to 
47.36 mg/Kg at the end of incubation period.   

These results agreed with Al-Oud (2011) who 
concluded that in calcareous soil the applications 
of elemental sulfur could be successfully used for 
increasing phosphorus availability from rock 
phosphate.  

In biological oxidation of sulfur, the general 
reactions that take place in the soil are as follows: 

2S+ 3O2→2SO3 
SO3 + H2O → H2SO4 
The sulfuric acid produced may react with tri 

calcium orthophosphate (rock phosphate), in the 
following way: 

Ca3 (PO4)2 +3H2SO4 → 3CaSO4 +2H3PO4 
The sulfuric acid formed reacts with insoluble 

rock phosphate leading to nutrient mobilization. 
The soluble form of phosphate may be phosphoric 
acid. This is a proposed mechanism and is not 
intended to limit the invention as described. The 
soluble phosphoric acid is a ready source of 
phosphorus for plants. 

On the other hand, sulfur can affect on rock 
phosphate directly but should be the soil aeration 
is good. These equations explain it: 
Ca10(PO4)6F2 + SO2 + 0.5O2 + H2O → 3Ca3(PO4)2 
+ CaSO4 + 2HF 
Ca10(PO4)6F2 + 10SO2 + 5O2 + H2O → 3P2O5 + 
10 CaSO4 + 2HF 
Ca3(PO4)2 + SO3 → Ca2P2O7 + CaSO4 
Ca3(PO4)2 + 3SO3 → P2O5 + 3CaSO4 
3Ca3(PO4)2 + 9SO3 → 3P2O5 + 9CaSO4 

Accordingly, tillage practices are 
recommended before mixing the calcareous soil 
with the sulfur amendment and the rock 
phosphate. 
The third approach for increasing the release of 
phosphorus from rock phosphate is the 
application of ammonium zeolite. The obtained 
data of the experiment are recorded in table 7. 
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Table (6) Effect of sulfur rates on the availability of P from rock phosphate in calcareous soil 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table (7) Effect of ammonium zeolite application on the availability P from rock phosphate in 
calcareous soil 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

 
The great advantage of zeolite mineral is its 

high cation exchange capacity (180 Cmolc Kg-1) 
and large surface area (85.73 m2 g-1) as indicated 
in table 4. The impact of ammonium zeolite on 
rock phosphate is mainly the removal of calcium 
ions through cation exchange reactions: 

(P-rock) + (NH4 - zeolite) → (Ca-zeolite) + 
(NH4

+) + (H2PO4
-) 

The data in table 7 and figure 3 shows that 

the available phosphorus increased, slightly at 
rates from 0 to 10g/ kg ammonium zeolite. 

Pronounced enhancement occurred by 
increasing the rate to 20g/Kg of NH4+zeolite 
particularly when incubation time continued to 60, 
90 and 120 days. In this respect Allen et al. (1993) 
suggested that the cations on zeolite readily 
exchange with other cations as sodium: 

 Zeolite - 2Na + Ca2+ = Zeolite –Ca + 2Na+ 

Sulfur 
% 

P2O5 rate 
(kgha1) 

 

P (mg/Kg). Incubation period (day). 

Zero 30 60 90 120 

0 

10 0.51 0.83 0.95 1.13 1.45 

40 0.63 0.92 1.23 1.33 1.52 

80 0.72 1.10 1.36 1.53 1.83 

120 1.11 1.56 1.87 2.11 2.45 

1 

10 7.67 9.13 13.23 14.12 15.67 

40 10.13 12.56 16.44 17.98 19.46 

80 13.67 15.87 18.76 19.55 20.27 

120 18.34 21.72 25.65 27.14 29.68 

1.5 

10 10.13 13.65 17.78 18.56 20.21 

40 14.45 15.76 20.78 22.89 24.75 

80 18.65 20.65 25.78 27.34 29.45 

120 25.34 27.78 35.94 37.89 40.12 

2 

10 15.34 17.87 21.95 23.45 26.11 

40 19.26 22.56 27.87 29.12 31.37 

80 22.45 25.98 31.45 33.76 36.45 

120 30.56 33.67 40.89 44.67 47.36 

NH4
+zeolite 

(gKg-1) 

P2O5 
rate 
(kgha1) 

P (mg/Kg). Incubation period (day). 

Zero 30 60 90 120 

0 

10 0.51 0.83 0.95 1.13 1.45 

40 0.63 0.92 1.23 1.33 1.52 

80 0.72 1.10 1.36 1.53 1.83 

120 1.11 1.56 1.87 2.11 2.45 

5 

10 5.65 7.11 10.24 11.12 12.23 

40 7.34 9.67 12.92 13.78 15.45 

80 10.12 12.32 15.89 17.23 18.25 

120 13.14 15.89 18.67 19.79 22.13 

10 

10 6.64 8.56 12.89 13.78 15.23 

40 9.45 11.76 16.39 17.56 19.59 

80 12.99 15.76 20.79 22.78 25.11 

120 16.78 18.98 25.95 28.89 30.26 

20 

10 8.67 11.23 17.25 19.27 20.68 

40 11.45 13.67 18.89 20.24 22.67 

80 13.78 17.36 25.89 27.65 29.45 

120 19.45 25.67 33.67 37.89 40.23 
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These results can be a good guide for the 
application of this mineral in the calcareous soil to 
get use of rock phosphate, with respect of rate 
addition and time required to increase available 
phosphorus in soil for plant uptake. 

It is noteworthy that in all treatments 
(compost, sulfur and ammonium zeolite) the 
phosphorus available increased markedly at 60 
days and the greatest availability of phosphorus 
occurred at the end of period after 120days. 

The best treatment was sulfur mixed with rock 
phosphate followed by ammonium zeolite and 
compost manure respectively. Finally, all natural 
materials used successfully to increase the 
release of phosphorus from rock phosphate. 

CONCLUSION 
The useful data which have been obtained 

from this research work can be outlined in the 
following points: 

The release of phosphorus from rock 
phosphate in the soil increased by time after 
mixing and reaches its maximum after about 120 
days. 

Application of compost manure is very 
favorable on the availability of phosphorus 
particularly when adding 5 to 10% of manure and 
kept to 90 to 120 days. 

Sulfur is very beneficial with rock phosphate 
particularly in calcareous soils which cover 
considerable areas, not only in Egypt but around 
the world. The concentration of available 
phosphorus has been significantly increased 
when 2% of sulfur and kept to 60-120 days. 

The new approach of introducing treated 
zeoilite mineral with ammonia which characterizes 
with high cation exchange capacity and surface 
area can react with calcium phosphate and 
release phosphorus in soil for the uptake of 
plants. The maximum concentration of ammonium 
zeolite 20g/Kg resulted in high content of 
phosphorus after 60, 90 and 120 days of 
treatment. 

These results can be a useful guide for the 
practical application of rock phosphate as 
chemical fertilizer contributing to phosphorus 
requirements of various crops and consequently 
the increase of agricultural productivity.     
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