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ABSTRACT 
 

A greenhouse experiment using broad bean plant was carried out to evaluate 
the reuse of East Sabaeya phosphate processing plant tailings as phosphate fertilizer 
compared to the traditional super phosphate. Two soil samples were used for this 
experiment (sandy and calcareous soils). Phosphate tailings was pretreated either 
with 10 % concentrated HCl and/or HNO3 and crushed to pass 250 micron sieve. 
Different samples of phosphate tailings were combined with different phosphorus 
activating agents; i.e. humic acid (HA), farmyard manure (FYM) and phosphate 
dissolving microbial (PDM).  

In sandy and calcareous soils there is a highly significant difference in dry 
weights and P uptake between the control treatment and other treatments received 
phosphate sources. Also, there is a significant difference between treatment received 
traditional super phosphate (SP) alone and the RP (alone) treatment. On the other 
hand, there is no significant difference in dry weights of treatment received traditional 
super phosphate (SP) and the other treatments treated with HCl and/or HNO3 in 
combination with activating agents. 

In sandy soil it is possible to use phosphate tailings in combination with 
either FYM or PDM. In calcareous soil it is possible to use phosphate tailings in 
combination with PDM or HA instead of using super phosphate, mixed with different 
activators or phosphate tailings treated with different acids. This experiment showed 
the possibility of direct application of phosphate tailings in both sandy and calcareous 
soils after treating with the activating agents. 
Keywords: East Sebaeya- phosphate processing- plant tailings-  phosphate  fertilizer 

 

INTRODUCTION 
 

Most phosphate rocks as mined are of low-grade and need 
beneficiation. Beneficiation plants produce  large quantities of waste 
materials relatively high in P2O5 content, which are considered as 
environmental hazards and source of pollution for air, water and soil. In 
addition, disposal of these materials represents a loss of valuable natural 
resource and adds additional cost to the production for waste removal. 
Disposal of ore dressing plant tailings is a major environmental problem, 
which is becoming more serious with increasing exploitation of low grade 
ores and deposits due to depletion of rich ones (Shafic & Rampacek,1980; 
Negm & Abouzeid, 1997 and Negm,2001). 

The methods used to dispose tailings have been developed due to 
the environmental pressure, changing milling practice and realization of 
profitable applications (Wills,1985). Utilization of waste of ore milling plants is 
becoming a common place practice to avoid pollution hazards and to improve 
the techno economic feasibility of new mining projects (Boulos et al.,1981). 

In Sebaeya phosphate processing plant, there are large 
accumulation of tailings, which a sparingly soluble phosphate like phosphate 
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rocks. The economic value of phosphate rocks increases considerably along 
with the increasing costs of super phosphate production. Consequently, there 
is a growing interest in ways of manipulating such materials to obtain a more 
valuable product. Common efforts  include the use of chemico-physical 

means, that is, partially acidulating PRs (Hammond et al., 1986; Goenadi, 
1990; Lewis et al., 1997; Rajan and Ghani, 1997), reacting with synthetic 
organic acids (Sagoe et al., 1998) and/or natural organic acids (Singh and 
Amberger, 1998a, 1998b), organic manures can help to lower pH and 
increasing the availability of phosphate, phosphate dissolving microbes 
solubilize insoluble P by producing various organic acids (Rodriguez and 
Fraga,1999)  and decreasing particle size (Babare et al., 1997).This research 
was carried out to evaluate the reuse of East Sabaeya phosphate processing 
plant tailings as phosphate fertilizer compared to the traditional super 
phosphate. 

 

MATERIALS AND METHODS 
 

Sample of East Sabaya phosphate processing plant tailings treated 
with 10% HNO3 (RP_HNO3) and/or 10% HCl (RP_HCl) were provided by the 
Department of Mining, Faculty of Engineering, Cairo University for testing in a 
greenhouse experiment for cultivating phosphorus indicator plant, broad 
bean. Traditional super phosphate fertilizer (SP) was used as a source of 
phosphate for comparison. The treated and untreated materials as well as SP 
samples were ground to pass 250 micron sieve. Total, available amounts  of 
P and total contents of some heavy metals (Page, 1982) were determined in 
all phosphate sources. 

Two different soils were used: sandy soil (from Cairo-Alex. desert 
road) and calcareous soil (from El-Nobarya area). Soil characteristics are 
presented in Table 1.  

 
Table 1: Some physical and chemical properties of the experimental      

soils. 
soils C. Sand 

% 
F. Sand 

% 
Silt 
% 

Clay 

% 
Texture 
class 

CaCO3 
% 

O.M 
% 

pHe ECe 
dS/m 

sandy 49.2 30.4 16.4 4.0 Sandy 3.6 0.3 7.5 1.56 
calcareous 16.1 44.8 10.3 28.8 Clay loam 32.6 0.5 7.9 1.21 

 Chemical properties were determined according to Page (1982) 
 

A greenhouse experiment was conducted with broad bean to study 
the effect of addition of phosphate sources as P fertilizer compared with 
traditional super phosphate. Phosphorous is added with a rate of 15 kg 
P2O5/fedden. The treatments were: 

1- Control (without addition of P). 
2- Raw phosphate material (RP). 
3- Raw phosphate material treated with HNO3 (RP_HNO3). 
4- Raw phosphate material treated with HCl (RP_HCl). 
5- Traditional super phosphate (SP). 
 

http://soil.scijournals.org/cgi/content/full/64/3/927?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=rock+phosphate+%2Cbean&searchid=1080223659184_636&stored_search=&FIRSTINDEX=100&resourcetype=3&journalcode=soilsci#BIB1986
http://soil.scijournals.org/cgi/content/full/64/3/927?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=rock+phosphate+%2Cbean&searchid=1080223659184_636&stored_search=&FIRSTINDEX=100&resourcetype=3&journalcode=soilsci#BIB1990
http://soil.scijournals.org/cgi/content/full/64/3/927?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=rock+phosphate+%2Cbean&searchid=1080223659184_636&stored_search=&FIRSTINDEX=100&resourcetype=3&journalcode=soilsci#BIB1997
http://soil.scijournals.org/cgi/content/full/64/3/927?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=rock+phosphate+%2Cbean&searchid=1080223659184_636&stored_search=&FIRSTINDEX=100&resourcetype=3&journalcode=soilsci#BIB1997
http://soil.scijournals.org/cgi/content/full/64/3/927?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=rock+phosphate+%2Cbean&searchid=1080223659184_636&stored_search=&FIRSTINDEX=100&resourcetype=3&journalcode=soilsci#BIB25
http://soil.scijournals.org/cgi/content/full/64/3/927?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=rock+phosphate+%2Cbean&searchid=1080223659184_636&stored_search=&FIRSTINDEX=100&resourcetype=3&journalcode=soilsci#BIB1998
http://soil.scijournals.org/cgi/content/full/64/3/927?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=rock+phosphate+%2Cbean&searchid=1080223659184_636&stored_search=&FIRSTINDEX=100&resourcetype=3&journalcode=soilsci#BIB1998
http://soil.scijournals.org/cgi/content/full/64/3/927?maxtoshow=&HITS=10&hits=10&RESULTFORMAT=&fulltext=rock+phosphate+%2Cbean&searchid=1080223659184_636&stored_search=&FIRSTINDEX=100&resourcetype=3&journalcode=soilsci#BIB2
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Farmyard manure (10 m3 fedden-1, humic acid (10 kg fedden-1) and 
phosphate dissolving microbial were added with the P sources treatments. 
The experiment was carried out in triplicates in plastic pots. As reference, 
control pots were used containing only the pure soil. 

 After 80 days of planting, shoots of broad bean plants were 
harvested: dry weights were recorded and P concentrations were determined. 
Then, phosphorus uptake was calculated 

Statistical analysis was carried out using the SAS program (SAS, 
Institute Inc., 1988). The GLM procedure of SAS was used to perform the one 
way analysis of variance between treatments. 

 

RESULTS AND DISCUTION 
 

Data in Table 2 show total and available P in the different phosphate 
materials used. It is clear from this Table that RP_HCl contains the highest 
concentration of P compared to the other materials. The phosphorus content 
of the materials used decreased in the following descending order; RP_HCl > 
RP_HNO3 > RP > SP. Among the materials used RP_HCl contains the 
highest value of available P. It contains 499 mg P/kg compared with 393, 317 
and 221 mg P/kg for SP, RP_HNO3 and RP, respectively. Among the 
materials used, there are no differences between the total contents of some 
heavy metals in SP and other materials.  
 

  Table 2: Total, available phosphorus and total contents of some                   
heavy metals (ppm) in the different materials used. 

Materials 
Total P2O5 

% 
Available P 

mg/kg 
Cd Cr Ni Pb 

RP 15.1 221 1.6 4.6 3.2 6.9 

RP_HCl 17.0 499 2.0 5.8 4.1 8.5 

RP_HNO3 15.4 317 1.9 5.1 4.4 7.2 

SP 14.6 393 1.3 3.7 2.6 6.2 
 

Data of plant dry weights as affected by addition of different 
treatments are presented in Table 3. Dry weights of broad bean plants grown 
in sandy soil ranged from 15.3 to 30.0 g/pot. The lowest value was recorded 
for the control treatment, whereas, the highest one was recorded for RP in 
combination with FYM. For calcareous soil, dry weight values ranged from 
6.2 to 14.3 g pot-1. The lowest value was recorded for the control treatment, 
whereas, the highest one was recorded for RP_HNO3 in combination with 
PDM. 

The response to P application was superior in the calcareous soil 
than in the sandy one. The magnitude of increase in the dry weights over the 
control treatment of sandy soil ranged from 20.9 % in the RP (alone) 
treatment to 96.0 % in the (RP+FYM) treatment. Moreover, it ranged from 
32.2 % in (RP+FYM) to 130.6 % in (RP_HNO3+PDM) treatment in the 
calcareous soil. 

It is clear from the data of dry weights that there is a highly significant 
difference between the control treatment and the other treatments received 
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phosphate application. Also, there is a significant difference between 
treatment received traditional super phosphate (SP) alone and the RP (alone) 
treatment. On the other hand, there is no significant difference in dry weights 
of treatment received traditional super phosphate (SP) and the other 
treatments treated with HCl and/or HNO3 in combination with activating 
agents. 

 In the sandy soil there is a highly significant difference between RP 
in combination with FYM and SP, RP in combination with HA and/or RP_HCl 
in combination with HA or FYM. In the calcareous soil there is a highly 
significant difference between SP in combination with PDM and SP in 
combination FYM. Also the difference between RP in combination with PDM 
and RP in combination with HA or FYM are highly significant. Furthermore, 
the difference between RP_HNO3 or RP_HCl in combination with HA or PDM 
and RP_HNO3 or RP_HCl in combination with FYM are highly significant. 
 
Table 3: Dry weights (g pot-1) of broad bean plants grown in sandy                   

and calcareous soils as affected by different treatments. 
Treatments Sandy soil Calcareous soil 

mean mean 

control 15.3 6.2 

RP (alone) 18.6 7.6 

RP+HA 24.3 10.3 

RP+FYM 30.0 9.3 

RP+PDM 28.2 13.5 

RP_HNO3+HA 27.1 12.2 

RP_HNO3+FYM 27.0 9.6 

RP_HNO3+PDM 26.9 14.3 

RP_HCl+HA 25.1 12.9 

RP_HCl+FYM 24.6 9.4 

RP_HCl+PDM 27.2 12.5 

SP (alone) 21.7 8.8 

SP+HA 24.4 11.6 

SP+FYM 28.0 9.4 

SP+PDM 28.9 13.2 
                          Sandy soil                                                  Calcareous soil 
                          LSD (0.01) =  5.4                                          LSD (0.01) = 2.0 
                          LSD (0.05) =  4.2                                          LSD (0.05) = 1.2 

 
Data in Table 4 illustrate phosphorus uptake (mg pot-1) in broad bean 

plants grown in sandy and calcareous soils as affected by various treatments. 
It is obvious from the data that phosphate application greatly influenced the P 
uptake. In all treatments received P application, P uptake increased 
significantly with the addition of P over the control treatment. The data 
showed also that those plants grown in sandy soil showed higher values of P 
uptake as compared with that of the calcareous one. The differences in P 
uptake between plants grown in the sandy and calcareous soils were highly 
significant. Values of P uptake in the sandy soil ranged from 12.8 to 29.1 
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mg/pot, the lowest value was recorded for the control treatment while the 
highest one was for treatment of SP in combination with FYM. In the 
calcareous soil, values of P uptake ranged from 7.3 to 14.8 mg/pot. The 
lowest value was for control treatment while the highest one was for 
treatment of SP in combination with PDM. 

With respect to data of P uptake in the sandy soil, there is a 
significant difference between SP+FYM treatment and other treatments 
except SP+PDM and RP+FYM. In the calcareous soil, the obtained results 
showed significant increases between SP+PDM and other treatments except 
RP+PDM.  This result was  confirmed by  Goenadi (1996) who found that 
combined direct application of rock 

 

Table 4: Phosphorus uptake (mg pot-1) of broad bean plants grown in               
sandy and calcareous soils as affected by different 
treatments. 

Treatments Sandy soil Calcareous soil 

mean mean 

control 25.9 14.7 

RP (alone) 36.6 17.0 

RP+HA 50.6 24.1 

RP+FYM 54.9 20.4 

RP+PDM 49.2 27.7 

RP_HNO3+HA 50.6 24.6 

RP_HNO3+FYM 41.7 23.1 

RP_HNO3+PDM 51.3 25.9 

RP_HCl+HA 43.8 24.3 

RP_HCl+FYM 47.1 20.4 

RP_HCl+PDM 48.0 25.1 

SP (alone) 41.8 18.5 

SP+HA 49.2 25.2 

SP+FYM 58.6 25.1 

SP+PDM 54.8 29.7 
                      Sandy soil                                                               Calcareous soil 
                      LSD (0.01) =  6.2                                                       LSD (0.01) = 3.2 
                      LSD (0.05) =  4.5                                                       LSD (0.05) = 2.3 

 
phosphate and phosphate solubilizing microbes has produced mixed results 
on plant growth response. This was perhaps attributed to differences in 
microbial strains and/or soils being treated. Inoculation of phosphate 
solubilizing microbes onto RP may be considered a better means to 
overcome the low solubility problems of RP. 
 

In conclusion in sandy soil it is possible to use rock phosphate in 
combination with either farmyard manure (FYM) or phosphate dissolving 
microbial (PDM). In calcareous soil it is possible to use RP in combination 
with PDM or HA instead of using SP, mixed with different activators or RP 
treated with different acids in both two soils. 
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استخــامانفـااـاــاـنف تــــفتخااــاسفخـــنفباســاـنفا)ســحـمادف ــخاف ا)  ـ اــم فاســ ـمف

فباساـتى
ف   مىفاحخاهانفا)خخحـاىفاف سنفا  مفخـطخ

ف تخف-جاسةفف-ةجـ عدفا)قـهخف-الادفا)سخامدف–قسنفالاخاضىف
 

اجريت تجربـة زراعة الفـول البــدى  ىـص بوبــة  لتيــييت ادتمــىات اف يــ ت ربـا  تر يـز 
مـ ت ىودف ت الدب عية شرق  در ى ىـودف تص ري راة بدـر ى الدـوبر ىــودف ت الدــ ى ت ادتمــىت ىـص 

حـــ ر   %01 التجربــــة عياتـــية تربــــة ررديـــة وجــــيريةت تــــت رد ردـــة اف يـــ ت مــــ ت الفودــــف ت  
هيىرو دـــوريو وواو حــ ر  ايتريــو رر ــزت احاــت عياــ ت ربـــ ىر الفودــفور الرمتدفــة لترــر رــة 

ري ــروةت مداـــت الدياــ ت بــبد  رـــواى تاشــيا الفـــودفور ريــل حــ ر  ال يوريـــو    051رامــول 
 در ى الرزرعـة الدضـو  والب تيريـ  الرذيبـة لدفودف تت

الأوزاة الجــ ىة والفــودفور الررـتو بوادـاة الابـ ت  وجىت علاقة ع ليــة الرداــوية ليـيت 
بــىوة وضــ ىة  )بــية  ــلا رــة الردــ رلات الرمتدفــة التــص اضيـــر ولي ــ  ىـــودفور ورد ردــة ال ــواترول 

ىـودفور(ت  ر  وجـىت علاقة رداـوية بية  لا رة رد ردة وض ىـة الدـوبر ىــودف ت برفـرىم ورد ردـة 
دة ب لأحر  (ت وعدص الج ا  الأمـر لت توجى ىروق رداوية بـية وض ىة الفـودف ت الم ت )بىوة رد ر

 رد ردة الدوبر ىـودف ت والرـواى الفـودف تية الرد ردة ب لأحر  ت
رـــ  الب تيريــــ  الرذيبــــة  ىـــص التربــــة الررديـــة ير ـــة ادـــتمىات افــــ ي ت الربـــا  رمدــــواة 

ىــير ة ادــتمىات اف يــ ت الربــا  لدفـــودف ت او دــر ى الرزرعـــة الدضـــو  ارــ  ىــص التربـــة الجيريــة 
الرمدواة ر  الب تيريــ  الرذيبــة لدفــودف ت او حـ ر  ال يوريــوت  رـ  هوضـحت هــذـ التجربــة ااـ  
ــة ب لأحرـــ    ــىوة الرد رد ـــة ب ـــ ت ربــا   تر يــز مـــ ت الفـــودف ت رب شــرم لدترب ير ــة وضــ ىة اف ي

 ورمدوا  ر  الرـواى الراشاة لدفـودفورت  
 

 

 


