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ABSTRACT

The effectiveness of phosphate-solubilizing fungi (PSF) in improving phosphorus (P) solubility of poorly-
soluble phosphate rock (PR) is assumed to be dependent on the suitability of the fungal isolate to the mineralogical suite
of the rocks. A laboratory study was carried out to bioactive two mineralogically different hardly-soluble apatitic
indigenous PRs by using an organic-acid-producing Aspergillus niger BCC F.194. Optimum fungal culturing conditions
for P solubilization were determined by varying the carbon and nitrogen contents of the Pikovskaya broth medium at
different shaking speeds. Liquid cultural supematant (LCS), obtained from the optimum conditions was then reacted
with 55g PR, i.e. Cileungsi and Madura PRs, for the two hours at various concentrations, i.e. 8.5, 17. 25.5, and 34 ml; in
combination with 28mL H;P0, (52%) addition. Without LCS addition and conventional superphosphate treatments
acted as negative and positive checks, respectively. Phosphate determination included water, 2% citric acid. and
perchlorate-soluble P contents. Mincralogical analyses were performed by x-ray diffractometer (XRD), differential
thermal analyzer (DTA), and scanning electron microscope (SEM). The use of oxalic-acid-containing LCS in
combination with H;PO, increased significantly P solubility of both PRs duc to the destruction of hydroxy-and
chlorapatite crystals caused by acidification. Hydroxyapatite exhibited a higher response to the treatment than the
chlorapatite did. As the soluble P contents are comparable to that of conventional superphosphate, the production of the
P fertilizer with a lower acid consumption is possible. To overcome low reactivity of natural phosphate rocks (PR) as P
source, several alternatives have been proposed. These include partial acidulation (Hammond et a/., 1986; Bolan et al.,
1997; Lewis et al., 1997, Rajan et al., 1997), synthetic organic acid activation ( Sagoc ef al., 1998), natural organic acid
reaction ( Singh and Amberger, 1998 a&b), and decreasing particle size (Goenadi, 1994; Babarc et al., 1997). All of
these approach were intended to increase P availability to crops grown on acid soils. However, increasing pressure on
not-using synthetic chemical products within the last two decades retards the wide application of such alternative.
Moreover, endless rise on production cost of conventional superphosphatc (SP) echos the need of a more
cnvironmentally safe and economically feasible technology.

More efforts were then spent to utilize microorganisms, especially bacteria and fungi, for improving
dissolution of PR. Thien and Myers (1992) showed that bioavailibility of P in a bioactive soils was remarkably
enhanced by increasing soil microbial activities. Others have reported that certain soil microbes are capable of
solubilizing relatively insoluble phosphatic compounds (Asea ef al., 1988; Nahas et al., 1990; Gocnadi ef al., 1995;
Bojinova et al., 1997). These phenomena have been attributed to the fact that increasing P solubilization of PR was
closely related to the ability of the microbes in producing selected organic acids (Kucey, 1983: Illmer and Schinner,
1992; Goenadi et al., 1993; Omar, 1998; Kim ef a/., 1998). Citratc and oxalate were common organic acids reported in
these literatures as well as that reported earlier by Banik and Dey (1982). However, the types of organic acids produced
have been reported to be dependent on the chemical suites of the culturing medium (Cunningham and Kuiack, 1992),
and consequently affecting the effectivness in P solubilization.

Recent study conducted by Gocnadi et al., (2000) indicated that a P solubilizing fungus (PSF) Aspergillus
niger grown on Pikovskaya broth cnriched with Morrocan PR (MPR) produced citrate, malate, ptalate, and piruvat. By
applying the liquid culture supematant (LCS) on MPR, they showed that SP may be produced without sulfuric acids
addition. However, the effect of this so-called bioactivation technique on mineralogical change of the PR resulting in
the increase of soluble P content has not been clarified. Besides, the consistency of such technique on different types of
PR need to be determined. Qur objectives was to bioactive two mineralogically differcnt hardly soluble PRs by using an
organic-acid-producing 4.niger in attempt to develop an effective technique for the production of cnvironmentally safe
P fertilizer.

INTRODUCTION

Indonesia considered as agricultural country still needs many kinds of fertilizer in huge number. Among the
conventional fertilizer, the need of phosphate fertilizer (P) in 2003 almost 2.83 million tons with the value of 2.83
billion rupiahs ( $35.4 M). Unfortunately, almost all of the component is imported materials, especially the natural
phosphate as a raw material. Eventhough the domestic natural phosphate is almost one million ton, however its quality
is poor due to non reactivity and inconsistent.
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The effort to increase the reactivity has been done by utilizing sulfuric acid or phosphoric acjd. This tcclmolqu i
expensive and also environmental unfriendly. An applied microbiology research results has provided the opportunity
utilize the microorganism as an activator in P solubilizing from natural phosphate. This microbe can be able to produc

the phosphatase enzyme and organic acid for P solubilizing.

Based on the initial research, it is known that citric acid is the dominant agent for P-FAM and FAC in liqui
culture supernatant (LCS) from Aspergillus niger BCC F.194. By using this techniques, it is expected that the supply o
P for can be increased without increasing the doses of P fertilizer. The utilizing of direct microbe is not efficient due t
the needs of time for incubation (Goenadi, 1998). Therefore, the target of this research is the package of technolog;
utilizing the A. niger for solubility improvement in activation of local natural phosphate.

The objectives of the study are (1) to optimize fungal culturing conditions, (2) to observe the effect of organi:
acids on PR dissolution and its bioactivation.

MATERIALS AND METHODS

The step of research were divided into several steps, i.e. (1) optimizing fungal culturing conditions for LC:
production, (2) effect of organic acids on PR dissolution, (3) bioactivation of PR by LCS addition and (4) mineralogica
analyses.

Optimizing fungal culturing conditions for LCS production

Optimum conditions for A. niger BCC F.194 (Goenadi et al., 2000) cultivation were achieved by varying the (
and N contents of the PR-containing Pikovskaya broth medium combined cach with different mechanical shakin,
speeds, i.e. 40, 70 and 100 rpm. Glucose was used as C source given at three levels, ie. 0.5, 1.0, and 1.5% (w/v,
whereas (NH,);SO; served as N source, i.e. 0.025, 0.05 and 0.1% (w/v). A series of 250 mL Erlenmeyer flask
containing 100 mL of Pikovskaya broth enriched scparately with 0.25% (w/v) Cileungsi PR (CPR) and Madura P}
(MPR) were inoculated by a loop of a 7-day-old agar (Oxoid L11) plate culture of the fungus and incubated for 9 day
at room conditions, Chemicals data of MPR were 71.2 g.kg" perchlorate-soluble P, 39.1 g.kg! citric acid-soluble P, 0.
gkg! water-soluble P, 253.8 gkg' CaO, and 161.1 gkg' chlorine (CI), whereas those of CPR were 88.8g kg’
48.6gkg?’, 0.1gkg™, 115.5gkg”, and 41.4 , respectively. Subsequently, the optimum level of C source was applied t
determine the optimum level of N source at optimum level of acration obtained by mechanical shaking speed, an
finally these two optimum lcvel of nutrient sources were applied to determine the optimum PR concentration fo
optimum growth of P solubilizing ability, and organic acid produced by fungus. Five level or respective Pl
concentrations were 0, 1.25, 2.5, 5.0 and 10.0 g.L"'. The growth of the fungus was measured by mycelia dry weight ¢
the end of incubation period. Phosphorus solubilizing ability was determined by measuring the soluble-P b;
molybdenum blue method (Olsen and Sommers, 1982) and expressed it as percentage to perchlorate-soluble P of th
rock. Organic acids was quantified by high performance liquid chromatography (HPLC) technique.

Effect of Organic Acids on PR Dissolution

This experiment was carried out to clarify the relative strength of different types of organic acids i
solubilizing P from the PRs used. Citrate, oxalate, and gluconate were separately reacted with CPR and MPR at si
levels, 0, 0.05, 0.50, 1.0, 3.0 and 6.0 mM. Each organic acid was added to 50 mL autoclaved water containing 1.25 g.L.
sterilized CPR or MPR. The mixture was then mechanically shaken at 100 rpm for seven days under room temperatur
(Ilimer et al., 1995). Perchlorate-soluble P was determined at the end of incubation (Rund, 1984).

Bioactivation of PR by LCS Addition

The LCS obtained from a nine-day old culture of 4. niger under the most optimum cultivation condition
resulted from previous experiments was then used to activate CPR and MPR. Following the procedures reported earlie
(Goenadi, ef al., 2000), 55 g of non-sterilized respective PR were reacted with 0, 8.5, 17, 25.5 and 34 mL LCS in 25
mL erlenmeyer flasks for 2 h. on a mechanical shaker at 100 rpm. The liquid solid ration was kept at 1:1 (vAiv) b
making up the volume with sterile deionized water by using the methods previously mentioned (Olsen and Sommer:
1986). The most optimum LCS concentration was selected on the basis of these parameters. Subsequent experiment wa
carried out to produce superphosphate by using the LCS-activated PRs. A 5.2'g of 80-mesh LCS-pretreated CPR an
MPR was reacted with 28 mL H;PO, (52%) (Young er al., 1985) for 2 h. and dried by using oven drier. Thes
experiments were amranged in complete Random Design with two replicates. Perchiorate, 2%-citric acid-, and wate)
soluble P were observed by using the methods mentioned previously.
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Mineralogical Analyses

Mineralogical analyses were conducted by using x-ray diffrectometer (XRD, Shimadzu), differential thermal
analyzer (DTA, SETARAM), and scanning electron microscope (SEM, PHILLIPS 515). A 200-mesh-size powder was
prepared prior to the analyses. The samples included those of LCS treated, or untreated, and of conventional SP (SP-36,
PT Petrokimia Gresik) which were constructed from both of CPR and MPR. Parallel-oriented sample were performed
for XRD analysis using Cu-Ka: radiation at 30 kV and 30 mA as reported by Brindley and Brown (1980) and Goenadi
(1991). DTA was performed with one mg sample against two mg inert Al,O; employing a heating rate 15°C/min
{Goenadi, 1989). Micro visualization of sample was carried out by SEM observation after gold coating by TAAB
* coating sputter (Goenadi and Tan, 1991).

Statistical Analvses

Statistical analyses was conducted using Duncan Multiple Range Test (DMRT) (P=0.05) to determine
significant difference of the mean values between treatments. Regression and correlation analyses were performed to
determine the relationship between soluble P contents and pH of the medium, fungal, biomass, and organic acid
concentration.

RESULTS AND DISCUSSION
Optimizing Fungal Culturing Conditions for LCS Production

Optimum condition for fungal growth in in-vitro medium are influenced by the composition of the medium,
particularly C and N concentrations (Narisan et al., 1995). The rate of oxygen supply into the culturing medium was
also reported affecting the growth of fungal isolate, such as Aspergillus niger (Illmer and Schinner, 1992). Our data
showed in agreement with these phenomenon, The highest ability of A. niger BCC F.194 isolate used in solubilizing P
of CPR and MPR was achicved at 100 g.L"! glucose, 50 gL (NH,),SO,, and shaking speed of 100 rpm (MPR) and 70
pm (CPR) (Fig 1).

Phosphate solubilization mediated by phosphatase enzyme is believed to be taken for organic P sources (Spiers
and McGill, 1979; Bishop et al., 1994), these investigators and others considered that the inorganic P biosolubilization
is governed by the organic acids produced by P-solubilizers. Employing the optimum C and N concentration of
Pikovskaya medium, the A. niger BCC F.194 produced oxalic acid as the main organic acids ranging from 0.06 to 3.75
mM. These values, obtained by using HPLC (0.01 N H,SO, mobile phase, 210 nm UV detector, 0.5 mL.min" flow rate,
at 50°C was resulted from MPR or CPR as P-source of Pikovskaya medium at 12.5 g.L"! level. Figure 2. shows the
relationship among PRs concentration and P-solubilizing ability and either pH of the medium, fungal biomass, or oxalic
acid produced. Regression analysis indicates that P-solubilization was highly corrclated with oxalic acid concentration
(rver = 0.927 and repr=0.85") as well as with the pH of the medium (rypr =-0.87" and repr=-0.99"). OQur data also
showed that oxalic acid concentration werc strongly correlated with the pH of the medium (rypr = -0.99" and r cpr=-
0.87).

Effec'l of Organic Acids on PR Dissolution

To confirm the relationship between organic acid concentration and the P-PRs solubilization, a range of
synthetics organic acids concentration (up to 6 mM), i.e. oxalic, citric, and gluconic acids, was reacted with MPR and
CPR. It was evident that oxalic and citric acigs have strong influences to the solubilization of P-PRs, i.e. ngpr = 0.96"
and repr=0.97 (oxalic acid) and rypr = 0.96” and r cpz=0.99" (citric acid). These phenomenon lead to the assumption
that oxalic acid produced by A.niger BCC F.194 isolate is responsible for lowering the pH of medium providing more
protons (H") to increase the P-PR solubilization. This assumption is based on what Illmer and Schinner (1992 and 1995)
have postulated that the production of organic acids is an important mechanisms for solubilizing relatively insoluble P,
but they believed that this is not the only possible one. Another possibility would be the release of H* from the
cytoplasm to the outer surface which may happen in exchange for cation (especially NH,*) uptake or with the help H
translocation ATPase which is located in the plasma lemma and uses the energy for ATP hydrolysis.

Following the above hypothesis, those authors assumed that PR would be solubilized directly at the cell
surface. If this is the case, then the mycelial dry weight will correlate closely with the soluble P. By using the same
fungal isolate, Goenadi er al., (2000) showed that the amount of soluble P of Morrocan phosphate rock was closely
related to the fungal biomass within 14 days of culturing. Our current findings indicate interesting evidence. As
indicated on Fig 2. the highest amount of soluble P-MPR was achieved at pH 4 to 5, whereas the value was obtained at
pH=2 for P-CPR. This differences implies the pH buffcring capacity of the rocks. Cileungsi PR has lower pH buffering
capacity that of Madura PR as the later contained calcium (18.3% Ca™) higher that the former (8.3% Ca™).
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Bioactivation of PR by LCS Addition

Data shown in Table 1 provide evidence in which the addition of LCS improved the water-soluble P of both
PRs investigated. In contrast, improvement on citric acid-soluble P was only obtained from LCS-pretreated CPR.
Practically, the improved water-soluble P is not significant as it was much less than 10 gkg™. However, this increase
indicate to some extent the degradation of P-bearing mineral due to the addition of oxalic-acid-containing LCS. Fo
both PRs the optimum LCS trcatments was achieved at 170 mL LCS.kg" addition. This level was then used for furthe)
experiment.
In commercial practice superphosphate (SP) is produced by reacting a 200-mesh PR (P,0s>280g.kg™) witt
H,SO, (98%) and H;PO; (52%) (Young et al., 1985). The mass composition of these materials are 52% PR and 48%
acids, i.e. 13.5% H,SO, and 32.5% HaPO. However, some variations in the mass composition may occur at industria
practices depending on the grade of the rock and/or the acids. Goenadi et al., (2000) has shown that the acidulation with
H,S0. can be potentially replaced by LCS in the formulation of Morrocan-PR-originated SP. Data presented in Table 2
show that the addition of LCS replacing H,SO, input significantly improved the P solubility of both MPR and CPR
Although this improvement in water-soluble P was still lower than those yielded by the conventional technique, but th¢
increase in citric- acid-soluble P was either similar or higher. These results were in agreement with those reportec
previously (Goenadi et al., 2000). Considering the higher contents of perchloric-acid-extractable P of the LCE
pretreated PRs compared to those of standard process, the bioactivation of PR may be conducted by lowering the
concentration of H;PO,

The improvement of P-solubility of acidulated or bioactiv
bioactivated PR is assumed to be related with the degradation of the P-bearing minerals, i.e. hydroxyapatite anc
chlorapatite, due to acid introduction. Stoichiometrically, acidulation introduces an acid into the system which may
attack the stability of apatitic mincrals. Introduction of H' ion is capable of altering the crystallographic structure of the
minerals, possibly shortening the mineral’s axes and/or decreasing crystalline size, resulting in a more P2Os in soluble
form (Goenadi et al., 2000). Mineralogical analyses indicate that acidulation caused the reduction of XRD peak
intensity of apatitic minerals (Fig 3.). On the other hand, the treatment intensified the two main endothermic peak:
present at 150-200 °C and 250-400°C temperature (Fig. 4). These phenomena may be attributed to the reduction o
crystallite size as evidenced by the SEM microphotographs (Fig. 5). As shown in Fig. 5, these acidulation either by LCS
+ H;PO4or H,SO,4 + H3POy resulted in the formation of smaller crystallite of P-bearing minerals.

CONCLUSIONS

The utilization of oxalic-acid-containing LCS, produced by nine-days-old culture of A. niger BCC F.194, it
combination with HsPO, increased significantly soluble P contents of both MPR and CPR. Improved solubility of these
indigenous PRs was attributes to the destruction of hydroxy-and chlorapatite crystals caused by acidulation, Employing
this LCS bioactivation technique, a more ecological friendly P fertilizer than conventional SP can be yiclded. However
the agronomic effectiveness of this product requires further studics. '
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Tabel 1. Average of P;0s (perchiorate-soluble, watemotﬁﬁie and citric
acid-solubie) MPR and CPR activated by us mg LCS.

i r’;(Jc Exir. (g kg :

‘ Treatmenis =«'?F:{T5:am T water ] T

— i i ,
MPR+85 mL LGS . 144a 018 ¢ 105 a
iMPRH7OmMLLCS | f4ta | 024t 105 a
MPR#255 mL LCS | 138a 621¢ 104

MPR+340 ml. LCS 134 a 028 99 a

MPR«1000 ml. LCS 1313 0.20 ¢ wla |

CPR 300 3 67 EEN

| CPR+85 oL, LCS 202 0.18b 1588 |

CPR#170 mL LCS 191 a 0432 166a

CPR+255 rl. LCS 199 2 0.13b 166a |

CPR+340 mlL LGS 192 a 0.22b 185a |

1 CPR+1000 mL LCS 204 a 0.15 b 1632 |

*y Figures ineach column followed by the same letter(s) are not sagmﬁcanﬁy
different according to Duncan's test (P<0.05).

Tabel 2. Average of P;0; (perchlorate-soluble, wager-solublé, and citric
acid-soluble) MPR and CPR activated by using LCS+HaPO, of

H2804+H:P0,
P,0x Extr. {g.kg™) ‘
Treatments perchiorate waler citric ac:d
MPR 163 ¢ 0.34d 895 d
MPR+85 ml LCS+HPO, 346 a 128 b 326 ab
MPR+170.ml. LCS+H,PO, 320 a 121 b 301 ab
MPR3255 mL LCSHLPO, | 309 ab 86 ¢ 285 be
MPR#340 mLLCS+H4:,P0. | 353 a 63 a 345 a
MPR+H,50,+HPO, 270 b iTla 242 ¢
CPR 203 2 02e 111 ¢ s
CPR+85 mb. LCS+H,PO, 379 ab 192 b 334 a *
CPR+170 mL LCS+H:PO, 1359 e 189 b 326 a 5
CPR +255mb LCS+H.PO. 336 cd 181 ¢ 313 a
CPR+340 mL LCS+H;PO, 398 a 127 d IS a
,'CPP\ B0, H;PO;4 3114d 261 a 220

’) Fagures in each column followad by the same It.tter(s) ate not sngmﬁcantly
‘different according to Duncan's test (P<0.05).

The Arab Fertilizer Association

)
§= 7

7z




onal
ce

i

=
=
=
=

Tnter-Continental Hotel

Cairo -

Egypt

a

iramis

pers Of
10th }

Pa




10

1

1

15

16

Contents

The International Nitrogen Initiative: Implications for Fertilizer industry
Mt. Luc Maene, Director General — IFA ( International Fertilizer Association)— France

Fertilizer Situation in India
Mr. Viren Kaushik , Director General - FAI (Fertilizer Association of India)- India

The Changing Forces in Fertilizer Markets in the US
Mzr. Ford B. West, Senior Vice President- TF1- USA

The European Fertilizer Industry after the Enlatgement of the European Union

Mr. Helmuth Aldinger , Director General - EFMA (European Fertilizer Manufacturers Association)—
Belgium

Developing Competitive Matkets: IFDC Experiences

Dr. Lawrence L. Hammond Director Resources Development Division — IFDC (Intemational Fertilizer
Development Center) ~USA

Global Fertilizer Supply & Demand: Short-Term Outlook

Mr. Michel Prud’ Homme, Executive Secretary — IFA — France

The Australlian Fertilizer Industry and its Outlook
Mr. Peter McEwen, CEO Summit Fert.- Western Australia; Chairman — FIFA — Australia

Profitable Ways to Reach the North American Market
M. Gregory J. Duerksen , Managing Director — Kin Cannon & Reed Co. - USA

Indian Fertilizer Situation Update and its Future Outlook
Mr. Raza Soomar, President — RNZ Int'l — India

Special Requiremets for the safe Carriage by Sea of Fertilizers and Raw Materiales
Dr.Admiral. Mohamed Hassan Mousa, Expert & Consultant-IMO-Int'l Maritime Org— Egypt

Shipping for Bulk Fertilizer Raw Materials
Dr. Robin Thomas, Business Development Manager — Simpson Spence & Young Lt. - UK

NADR International EDR System for the Fertilizer Trade
Mr. Corbett H. Spurin, Company Secretary, Nationwide Academy for Dispute Resolution (NADR)-UK

Balanced Fertilization, hey Key to Improve Fertilizer Use Efficiency
Mz. Adolf Krauss,Director — IPI (International Potash Institute)- Switzerland

Phosphate Rock as Cattle Feed Supplement Under Extensive Herd Raising Conditions of the
Sahel
Mr. B. Amar, IMPHOS — Morocco

Magnesium as a Fertilizer Nutrient in Balanced Fertilization

Dr. M. El-Fouly, Dr.Osama A. Nofal \Dr. A. I Rezk & Dr. A. Fawzi — Dept. of Plant Nutrition,NRC,
Egypt

Solubility Phosphorus Improvement of Indigenous Phosphate Rocks By Aspergillus niger

Dr. Illah Sailah- Dept. of Agroindustrial Technology, Bogor Agricultural Unvi. — Indonesia

Pages
SII-1

SII-2

SII-3

SII-4

SII-5

SIII-1

SIII-2

S I11-4

S II1-6

SIV-2

SIV-3

SIV4

S5Vv-1

SV-3

SV4

SV-5



17

18

Production of New Urea-Based Fertilizers in Egypt and their Environmental Impact
Eng. Sayed Abdel Rassoul — Faculty of Engineering- Mansoura Unvi. — Egypt

Over View of the Global Nitrogen Fertilizer Business and the Importance of the Middle East
Mr. Ken Nyiri, Consultant Director — US office -Britsh Sulphur Counsultants — USA

The remaining paper will be distributed during the conference

A New Nitrogen Market: Urea and Ammonia in Diesel Engine Pollution Control
Mr. Tim Cheyne - Integer Research Limited — UK

Investement in Urea Capacity:How,When,Where?
Ms. Francs Wollmer, Director, Fertilizer & Chemical Consultancy (FCC) - Fertilizer Focus, UK

Paper of Dr. Mohamed Riad Hemissa, Consultant- Soils, Water& Env. Research — Egypt

Balanced Fertilization Management with Potassium for Optimizing Crop Yields and Quality in
India
Dr. Surinder Kumar Bansal, Joint Director- Potash Resarch Institure of India- India

Some Experiences of Phosphorus Based Improved Agricultral Practices and Integrated
Phosphours Plant Nutrition System for Rasing Productivity of Crops in Mountain Lands of
Eestern Himalaya

Dr. Pritam K. Sharma- Dean, COA, CSK HPKV, Palampur — India

Annex -1 : List of participants till 12/1/2004

51

S1

S)

SI



