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Ringkasan

Efektivitas fungi pelarut fosfat (FPF) dalam meningkatkan kelarutan fosfor (P) fosfat
alam (FA) sangat dipengaruhi oleh kesesuaian isolat fungi dengan mineralogi batuan fosfat.
Satu seri percobaan laboratorium telah dilakukan untuk menetapkan potensi supernatan kultur
cair (SKC) dari FPF asal tanah dan batuan tambang FA eksCileungsi dan Madura untuk
meningkatkan kelarutan FA eks-Cileungsi (FAQ dan eksMadura (FAM) dalam pembuatan
superfosfat yang diaktivasi secara biologi (SPab). Kegiatan penelitian meliputi: (1) seleksi
pelarutan P-FPF dalam medium Pikovskaya, (2) pengujian kemampuan pelarutan P-FAC, P-
FAM, P-Ca;z (PQy),, dan P AIPOQ, isolat-isolat terseleksi, dan (3) optimasi pembuatan SPab
dengan isolat terpilih. Rancangan percobaan yang digunakan adalah rancangan acak lengkap
dengan dua ulangan. Dari hasil isolasi diperoleh 50 isolat FPF, 17 isolat di antaranya
berpotensi dalam melarutkan fosfat yang ditandai pembentukan zona bening yang intensif di
sekitar koloni. Dari ketujuh belas isolat tersebut sepuluh isolat berasal dari Lulut (Cileungsi),
dan tujuh isolat lainnya berasal dari Madura (masing-masing dua isolat dari Socah dan
Aengnyior serta tiga isolat dari Korbe). Berdasarkan kemampuan melarutkan P dari FAC, FAM,
Ca3(P0O,),, dan AlIPO, diperoleh masing-masing tiga isolat dari Cileungsi dan Madura. Dari
keenam isolat tersebut empat isolat di antaranya tergolong Penicillium sp. dan dua isolat
lainnya termasuk Aspergillus sp. Di antara keenam isolat tersebut isolat Korbe 0909 memiliki
kemampuan iertinggi dalam melarutkan P dari semua sumber P. Kandungan P-FAC lebih tinggi
daripada FAM dan mendekati FA eks Maroko. SKC dapat menggantikan fungsi H,SO,4 (98%)
dalam melarutkan P-FA. SPab Cileungsi mengandung P nyata lebih tinggi daripada FAC yang
diaktivasi secara konvensional, namun pada SPab Madura kandungan P larut air nyata lebih
rendah, sedangkan P larut asam sitrat 2% dan perklorat sebanding dengan FAM yang diaktivasi
secara konvensional. Aktivasi FA oleh SKC dapat menurunkan konsentrasi asam fosfat (H3POy)
dari 52% menjadi 42%. Kelarutah P (asam sitrat 2% dan air) dan kandungan sulfur-SPab
Cileungsi dan Madura nyata lebih rendah dibandingkan dengan SP36.



Summary

The effectiveness of phosphate-solubilizing fungi (PSF) in enhancing phosphorus (P)
solubility of phosphate rocks (PR) is assumed to be dependent on the suitability of the fungal
isolate to the mineralogycal composition of the rocks. A laboratory study was conducted to
determine the phosphate solubilizing ability of liquid culture supernatants (LCS) of PSF
isolated from various PR deposits and adjacent soils, i.e. at Cileungsi in West Java and the
island of Madura in East Java to enhance the reactivity of PR from deposits at Cileungsi
(CPR) and Madura (MPR) and their potential use as agents in the production of bio-
logically-activated superphosphate (SPab). Three series of laboratory experiments were
conducted: (1) screening isolate on the solubilization of P in Pikovskaya medium; (2)
assaying the ability of selected isolates on solubilization of P-CPR, PMPR, P-Ca3(P0,), and
P-AIPO,4, and (3) optimizing superphosphate fertilizer formulation. Completely random
design was used as the experimental design with two replicates. Seventeen out of 50 PSF
isolates were characterized to be highly potential as phosphate solubilizers, as indicated by
clear zone formation. Ten isolates were from Lulut (Cileungsi) and seven from Madura
island, two from Socah and Aengnyior respectively, and remaining three from Korbe.
Regarding the ability of P solubilization of four P sources, six isolates were selected, three
each from Cileungsi and Madura. Of these six isolates, four are Penicillium sp., and four
belong to Aspergillus sp. The Aspergillus sp. isolate Korbe 0909 was found to be the highest
in P-solubilization of various sources of P. Based on the P dissolving ability of P-CPR and
their effectiveness in substituting for sulphuric acid (98%) usually used in conventional
production of superphosphate, the LCS of Korbe 0909 improved significantly the P-PRs
dissolution. MPR activated by the LCS yielded a comparable values of 2% citric acid-
soluble P content and significantly lower water-soluble P compared with conventional
method: Reduction of phosphoric acid (H3PO4) concentration from 52% to 42%, in
combination with LCS treatment, produced P dissolution comparable to the conventional
method. Although the P solubilization of CSPab and MsPab in both 2% citric acid and
water as well as thus content were significantly lower compared with SP36.
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Introduction

Local PR is known to be of low quality as indicated by low phosphate solubility in
water and citric acid. The reactivity of phosphate rocks (PR) has been improved for instance
by refining the granule's size and acidification with ammonium sulfate (Goenadi, 1994),
H,SO,4, and/or H3PO, (Goenadi, 1990; Rajan & Ghani, 1997). However, this activation
process is expensive and not environmentally safe, although its agronomic effect has been
proven to be positive. This is the reason why further efforts are carried out to formulate the
most effective and environmentally safe activated PR products.

One of "the efforts that has drawn the attention of researchers is the utilization of
phosphate-solubilizing microbes (111mer & Schirmer, 1992; Premono et al., 1992; Goenadi
& Saraswati, 1993; Goenadi, 1996; Tomar et al., 1996; Bojinova et al., 1997). By this
approach the reactivation of PR with a relatively high content of phosphate (> 15% P,0s), but



with a low solubility in citric acid (< 8%) and water (<0.01%) can be improved. The efficacy
of selected Pseudomonas species in dissolving PR from suspension, agar, and soil has
received considerable attention in the last two decades. Bar-Yosef et al. (1999) confirmed
that gluconic and 2ketogluconic' acids produced by P. cepacia increased the orthophosphate
concentration in solution.

The ability of phosphate-solubilizing fungi (PSF) to dissolve relatively insoluble P
has been utilized to increase the availability of P in the soil. The solubility of phosphorus is
much influenced by the suitability of isolates with the PR mineralogy. However, Goenadi et
al. (2000) showed that the direct use of microbes in PR bioactivation was less efficient than
the use of liquid culture supernatant (LCS) of these microbes. The result of above mentioned
research indicated that citric acid was the dominant P-PR solubilizing compound from Morroco.

Citric acid is highly potential in chelating metal, so that it can be used to activate PR.
Theoritically, microbes with the ability to produce citric acid can also dissolve P-PR. The
optimum condition to produce citric acid by new superior isolates from the local PR mines still
needs further investigation. This paper presents results of laboratory studies with the objectives
of : (1) screening isolates on the solubilization of P in Pikovskaya medium, (2) assaying the
solubilization of PCPR (Cileungsi), P-MPR (Madura), PCa3(PO,), and P-AIPO,;, and (3)
optimizing superphosphate fertilizer formulation.

Materials and Methods

PSF lIsolation

Phosphate-solubilizing fungi (PSF) were isolated from soil and PR samples from
Cileungsi (West Java) and the island of Madura (East Java). From Cileungsi ten samples were
taken from Lulut village and from Madura four samples were from Socah village, five samples
from Korbe village, five samples from Lobuk village and two samples from Aengnyior village.
Isolation was performed by using in Pikovskaya medium (Rao, 1982).

Assessment of the phosphate solubilizing ability of four P sources by PSF

The selected isolates were then assayed on its ability to dissolve P from four sources: CPR
(200 mesh), MPR (200 mesh), Ca3(P0,),, and AlIP04. Two loops of inocula (8 mm in diam.)
were inoculated into Pikovskaya liquid medium containing the respective phosphorus sources,
incubated on a mechanical shaker at 100 rpm for nine days and then the dissolved P was
determined. Based on the dissolving ability, three superior isolates were selected from the
respective locations in order to determine the optimum incubation period for P dissolution. The
tested incubation time was 3, 6, 9, 12 and 15 days. Aspergillus niger BCC F.194 was used for
comparison. The observed parameters were soluble P content (mg kg™), pH at the end of
incubation, and dry weight of mycelia (mg). The characteristics of CPR and MPR were observed
through analysis of Fe,03, MgO, CuO, Cd (AAS), level of S and CI (spectrophotometry), CaO
(Page et al., 1982), Al,03, Si0, (gravimetry), pH, pOH and perchlorate-extractable P, 2% citric
acidsoluble P and water-soluble P (Rund, 1984). The experiment was arranged in a completely
random design with two replicates.



Construction of SPab prototype

Prototype SPab was constructed by determining first the optimum LCS volume of the
selected isolate (Korbe 0909) for the bioactivation process. The' LCS volume tested was 0, 8.5,
17, 25.5, 34, and 100mL which was then put into 55 g CPR and MPR. The organic acid was
analyzed with a high performance layer chromatography (HPLC). In order to enhance the P-PR
dissolution 28mL of H3PO,4 (52%) was added. The PR activation process was carried out for two
hours and for comparison the PR activation was performed conventionally with the addition of
17mL H,SO,4 (98%) and 28mL H3PO4 (52%). The following step was to determine the effect of
decreasing the H3PO, concentration (42%, 32% and 22%, (v/v)) on the Perchlorate-extractable P,
2% citric acidsoluble P and water-soluble P contents. Analysis was carried out on P solubility in
citric acid and water. The trial was conducted by a completely random design with two
replicates. For the production of granular SPab water was used as a granulating agent. The
mineralogical characteristics of the SPab prototype was observed using scanning electron
microscopy (SEM) and X-ray diffraction (XRD) analyses.

Results and Discussion

Phosphate-solubilizing fungal (PSF) isolates

Fifty isolates were obtained from soil samples, PR, and dolomite, respectively 20 from
Cileungsi and 30 from Madura. From these isolates, 17 were able to form an intensive clear
zone indicating their ability to dissolve PR. Of these 17 selected isolates, 10 were from Lulut,
two from Aengnyior, three from Korbe and two from Socah (Table 1). Seven of the 17
isolates were originated from mining soil, eight from PR, and two from dolomite deposits.
This result shows that PSF can be found in different habitats and sources containing a
relatively high P.

The identification based on Gilman (1963), Domsch et al. (1980) and Samson et al.
(1984) procedures showed that 13 isolates belong to the genus Penicillium, while the other
four belong to Aspergillus. Goenadi & Saraswati (1993), Omar (1998), and Goenadi et al.
(1999) showed that the genus Aspergillus and Penicillium have a high potential in dissolving
phosphate. According to Rao (1982) and Cunningham & Kuiack (1992) the mechanism of
dissolving phosphate by the two mentioned genera is by producing organic acids such as
formic, acetic, propionic, lactic, fumaric, succinic, citric and oxalic acids. The organic acids
are assumed to form chelates with ion Ca 2+, Mg"™, Fe" and Al"* so the phosphate will be
released.

P-dissolving capacity of selected PSF isolates

All isolates from Cileungsi were able to dissolve phosphate from the four sources
although there was a difference in the capacity of the respective isolates to dissolve P from the
same source (Table 2). The most capable isolates of dissolving P from CPR, MPR, Ca3(PO,),,
and AIPO, were Lulut 1904, Lulut 2103, Lulut 3103, and Lulut 2401, respectively. It is evident
that there is a difference in mechanism of dissolving P between the isolates. In general, the



mechanismof dissolving P from inorganic sources like PR by various fungi is by producing
organic acid which causes a reaction tending to become acid which promotes rock dissolution.
However, various fungi produce different dominant organic acids which can influence the extent
of P solubility.

Besides, the P source influences the ability of the isolate to dissolve P. According to
Ilimer & Schinner (1992), the difference in capability of dissolving P from different sources is
caused by the difference in structure and strength of the bound phosphorus of that source. In
general, the Lulut isolate 2103 has the highest capacity to dissolve P from the four sources
investigated. This isolate belongs to Penicillium sp. and originating from PR, in which the P of
PR might induce P dissolution capability to the fungus.

The seven isolates from Madura were able to dissolve P in the form of CPR-P and
Caz(POy)2, which was not really different between the isolates (Table 2), whereas the capacity of
the respective isolates differs in dissolving P from MPR and AIP0,. The isolate Korbe 0909 can
dissolve the highest level P of MPR and AIPO, compared to the other isolates. The isolate Korbe
0909 is derived from PR mining soil. Similar result were obtained from isolates of Madura,
where the high content of P can trigger the isolate Korbe to dissolve P. According to Goenadi et
al. (1999) dissolution of inorganic P through organic acid production was triggered by the low P
content. This result shows that there might be a difference in mechanism of dissolving P between
Lulut 2103 and Korbe 0909 with the isolate PSF used by Goenadi et al. (1999). However this
evidence needs to be further examined.

Table 1. Genera and the origin of selected phosphate-solubilizing fungal (PSF) isolates

No. Isolate code Genera Isolate origin
1. Lulut 1704 Penicilliumsp. Weathered PR
2. Lulut 1705 Penicilliumsp. Weathered PR
3. Lulut 1802 Penicilliumsp. PR

4, Lulut 1904 Penicilliumsp. PR mining soils
5. Lulut 2001 Penicilliumsp. PR mining soils
6. Lulut 2103 Penicilliumsp. PR

7. Lulut 2202 Penicilliumsp. PR mining soils
8. Lulut 2401 Aspergillussp. Weathered PR
9. Lulut 2504 Penicilliumsp. PR mining soils
10. Lulut 2603 Penicilliumsp. PR mining soils
11. Aengnyior 1503 Penicilliumsp. Dolomite
12. Aengnyior 1601 Aspergillussp.  Weathered dolomite
13. Korbe 0601 Penicilliumsp. Weathered PR
14. Korbe 0803 Aspergillussp. PR

15. Korbe 0909 Aspergillussp. PR mining soils
16. Socah 0301 Penicilliumsp. Weathered PR

17. Socah 0403 Penicilliumsp. PR mining soils




Table 2. Soluble P contents of CPR, MPR, Ca3(P0,), and AIPQ, treated with selected
phosphate-solubilizing fungi (PSF) biomass isolated from Cileungsi and Madura

Soluble P contents (mg kg ') of

Isolate CPR MPR Caa(P0s), AIPQ,
Cileungsi isolate
Lulut 1704 2249a%*) 135.8 ab 565.9 abc 1475 d
Lulut 1705 228.8 a 125.5ab 502.6  be 174.6 cd
Lulut 1802 227.5a 108.7 b 642.1 a 151.3 d
Lulut 1904 258.5a 144.8 ab 5929 ab 133.2 d
Lulut 2001 208.1 ab 128.1 ab 589.1 abc 177.1 cd
Lulut 2103 2133 a 152.6 a 622.7 ab 2973 b
Lulut 2202 139.7 b 146.1 ab 458.7 c 146.1 d
Lulut 2401 202.1 ab 118¢c 534.6  abc 394.1 a
Lulut 2504 232.7 a 126.8 ab 538.8 abc- 266.2 bc
Lulut 2603 204.3 ab 113.8 ab 596.9 ab 143.6 d
Madura isolate
Aengnyior 1503 289.4 a 46.7b 551.7 a 356.6 b
Aengnyior 1601 184.1a 75.1b 603.3 a 363.1 b
Korbe 0601 226.4 a 135.8 a 6459 a 3437 b
Korbe 0803 207.2 a 415b 3954 a 2379 b
Korbe 0909 267.5a 129.4 a 643.4 a 638.2 a
Socah 0301 252.2 a 66.1b 4432 a 1939 b
Socah 0403 324.0a 31.2b 516.8 a 2185 b
Aspergillus niger 243.1 113.8 682.1 113.8
BCC F.194

*) Figures in the same column followed by similar letter(s) are not significantly different according to
DMRT(P<0.05)

It is evident that the isolate from Madura (Korbe 0909) has a better ability to dissolve P-
PR from Cileungsi compared to the isolate from Cileungsi (Lulut 2103), and in contrast the
isolate from Cileungsi (Lulut 2103) has a higher ability to dissolve P-PR from Madura than the
isolate from Madura (Korbe 0909). This result shows that the indigenous isolate does not always
have a higher ability in dissolving P from its original rock if compared with the introduced
isolates.

The superior isolates Korbe 0909 and Lulut 2103 have comparable capacity as the
standard isolate A. niger BCC F.194 in dissolving P, but higher dissolving Al-P. The highly
potential isolates for dissolving Al-P obtained in this research opens the possibility to use these
isolates as biofertilizers in improving the availability of P in soils with a high content of Al.

The result of incubation time optimization of six selected isolates (three isolates
respectively from Cileungsi and Madura) based on the ability of dissolving P, shows pH decrease
and sharp biomass increase on the third day. The same result was obtained by Sakurai et al.



(1997) namely the time of citric acid production by PSF used in this experiment has a similarity
with the isolate used by Sakurai et al. (1997). In isolate Korbe 0909 and Lulut 2103, an
accumulation of P occurs at its highest on the ninth day. Therefore, in the following experiment
the incubation Was carried out in nine days for an optimum period for dissolving P.

Chemical properties of PR

The results show that there were differences between the chemical composition of CPR,
MPR and PR ex-Morroco (a conventional PR raw material for commercial SP). Among the three
PR sources, P05 content of CPR (dissolved in perchloric acid, 2% citric acid, and water) was
equal to PR ex-Morroco (MoPR), while the P content of MPR was lower (Table 3). The potential
elements binding phosphorus are Ca, Fe and Al. It was shown that the CaO content of MoPR
was higher than that of CPR and MPR. Nevertheless, among the analyzed elements, Ca contents
in CPR and MPR were relatively high. Besides, Fe,0; and A1,03 contents of CPR and MPR were
much higher than those of MoPR. These results indicate that P contained in MoPR is available to
plant in the form bound by Ca, while P contained in CPR and MPR, besides bound by Ca, is also
bound by Fe and Al. The tight bound of P by Ca, Fe and Al causes dissolved P,0s5 in water is
low.

In the P dissolution process, P bound by Ca, Fe and Al should be released. The Al-P
binding was assumed more dominant in MPR than in CPR because it contained lower
perchlorate ,extractable P,0s in comparison with CPR, while the A1,03; contents were almost the
same. The high Al contents in these two PR sources need attention if these PR will be applied on
acid soils which commonly have a high Al content

Table 3. Chemical characteristics of CPR, MPR and Morrocan phosphate rock (MoPR)

Characteristics CPR MPR MoPR
CaO (g kg ™) 275 205 479
Fe,0 (g kg ™) 50 64 7
A1,0;(9 kg ™) 74 76 t *)
MgO(g kg ™) 5 1.7 4.9
CuO (gkg ) 14 0.5 260
Cd (mg kg ™) 14 10 7.7
Sio4 (g kg ™) 145 149 8
SO, (g kg ™) 1.5 2.5 6.7
Cl(mgkg ™ 10.5 25.1 79.4
Perchlorate-extractable P,05(g kg ™) 270 145 301
2% citric acid-dissolved P,0s (g kg ) 104 51 127
Water-dissolved P,0s (g kg ™) 0.5 0.3 0.3
pH 8.1 7.6 7.3
pOH 5.9 6.4 6.7

*) t=trace



Construction of SPab prototype

The addition of LCS from a 9-day-old culture of Korbe 0909 isolate as much as 8.5 - 100
mL, into CPR increased significantly P dissolving of CPR origin in perchloric acid, 2% citric
acid, and water (Table 4). LCS at the volume of 8.5 mL was sufficient to produce high dissolved
P. If compared with PR dissolution using conventional method (HZ S0, and H3PO,), LCS at
CPR produced significantly higher dissolving P (perchloric acid, 2% citric acid and water). This
result shows that LCS was able to dissolve P in PR source and to replace H,SO, function in
dissolving P.

The LCS addition to MPR significantly increased solubility of P compared to the un-
treated one (control). Among tested LCS volumes, the volume of 8.5 mL, was sufficient to
dissolve P-MPR. Therefore, based on production efficiency, application of 8.5 mL LCS as
activating solution is considered to be sufficient. Nevertheless, LCS' produced P dissolving
(perchloric and citric acid) was not significantly different with conventional method, while P
dissolving in water was significantly lower than using conventional method. These results
showed that LCS could dissolve phosphorus in MPR, however, the potency of phosphorus
dissolving was lower in comparison with H,SO,4. The result showed that probably there was
organic acid in LCS enable to dissolve P-PR, nevertheless, because of differences of phosphorus
bound in MPR and CPR, the soluble P total of the two P sources was also different, as stated by
Ilimer & Schinner (1995).

Table 4. Soluble P contents of CPR and MPR pretreated with various volume of a 9-day-
old culture of Korbe 0909 LCS and H3PO4 (52%) in comparison with conventional

method.
Perchloric acid Soluble Pcontent
Treatments extractable P

(Rund, 1984) 2% Citric H,O

...................... P (g kg™
CPR (Control) 117.9c¢c*) 454 ¢ 0.22d
CPR +8.5 mL LCS+H3PO, 173.3 ab 1179a 111.3a
CPR +17 mL LCS+H3PO, 172.9 ab 1196 a 96.5b
CPR +25.5 mL, LCS+H3PO, 163.7 b 118.8 a 106.5 ab
CPR +34 mL, LCS+H3PO, 179.0 a 121.8a 110.0 ab
CPR +100 mL, LCS+H3PO, 162.4 b 120.5a 1153 a
CPR +H;SO4+H;3PO,4 121.8¢ 101.7b 68.6 C
MPR (Control) 63.3b X22.3d 0.13d
MPR +8.5 mL, LCS+H3PO, 1209 a 89.5ab 16.2b
MPR+17 mL, LCS+H3PO, 136.7 a 725¢ 135b
MPR +25.5 mL, LCS+H3PO, 135.8a 77.7 be 7.42c
MPR+34 mL, LCS+H3PO, 133.2a 716¢C 4.80c
MPR +100 mL LCS+H3PO, 116.6 a 87.3ab 135b
MPR +H,504+HsPO, 117.9a 97.82 68.6a

(Conventional)
*) Figures in the same column followed by similar letter(s) are not significantly different
according to DMRT (P < 0.05).




The results show that P content of SPab of Cileungsi (dissolved in perchloric acid, 2%
citric acid and water) was higher than that of Madura (Table 5). The high solubility of citrate and
water shows that LCS has the potencial in activating CPR. As stated previously most of the
phosphorus in CPR was probably fixed by Ca, and the present result indicate that LCS could
apparently release P from the Ca binding. On the contrary, the Fe,0; and A1,0; contents of SPab
of Madura. were significantly higher than SPab of Cileungsi. Probably, the low P solubility (2%
citric acid and water) of SPab of Madura was due to the high Fe,03 and A1,03 or probably there
was an unsuitable isolate strain used to produce LCS. Other possibility that should be considered
is that the LCS was not capable enough to dissolve phosphorus fixed by Fe and Al. Besides, the
SiO2contents in CPR and MPR were higher than that in SP36. The low SiO,/R203 (sesquioxide)
ratio has a higher capacity to bind phosphorus than the high Si0,/R,03 ratio (Tan, 1995). This
phenomenon also could explain the low solubility of P-SPab of Cileungsi and P-SPab of Madura
in water and 2% citric acid in comparison with that of SP36.

The enhancement of PR reactivity is aimed at increasing the P solubility value in 2%
citric acid near to the total P value and the value of water-dissolved P near to the value of 2%
citric acid-dissolved P (Goenadi, 1996). In this research, P,0s dissolved in water and citric acid
of CPRab and MPRab was higher than P205 content dissolved in water and 2% citric acid of
CPR and MPR and these respective values were close to P205 value dissolved in 2% citric
and perchloric acid. Based on these results, the aim at enhancing PR reactivity could be

Table 5. Chemical characteristics of biologically activated CPR (CPRab) and MPR
(MPRab) in comparison with SP36

Characteristics CPRab MPRab SP-36
CaO (g kg ™) 197 a %) 115b 249 a
Fe,03 (g kg ™) 34b 63 a 7c¢
A1,05 (g kg ™) 27b 43 a 0.05¢
MgO (g kg ™) 1b 2b 4a
CuO (gkg ™ 0.09 b 0.6a 0.09 b
Cd (mgkg ™) 3b 5 ab 8.5a
Si0; (g kg ™) 107 b 183 a 12 ¢
S0, (gkg ™) 2b 3b 235a
Cl (mg kg ™) 16.8 ¢ 25,5 b 579a
Si0;2:R,03 1.8b 1.7b 100 a
Perchlorate extractable P,0s5 (g kg ™) 397 a 277 ¢ 367 b
Citric acid-dissolved P,0s (gkg ") 270b 205 ¢ 289 a
Water-dissolved P,0s (g kg ™) 255b 37c 268 a
pH 2.8¢c 36D 45a
pOH 12a 10.4b 9.5¢c
Water content (g kg ™) 7 a 36a 26 b

*) Figures in the same row followed by similar letter (s) are not significantly different
according to DMRT (P<0.05)



achieved biologically. However, there were still differences between total P205 value with
citric acid P,0s and citric acid P,0s with water P,0s, so there are still other techniques needed to
increase the reactivities of CPR and MPR.

The analysis of LCS organic acid using HPLC showed that in LCS, derived from Korbe
0909 isolate grown in Pikovskaya liquid medium without phosphorous, there were 1334 mg
kg' oxalic, 326 mg kg™ citric, 263 mg kg™ gluconic and 131 mg kg™ glycolic acids. These
results showed that the dominant organic acid in LCS was oxalic acid. According to Goenadi
et al. (2000), citric acid has a higher potential to increase reactivity of CPR and MPR than
oxalic acid. Therefore, reactivity of CPR and MPR probably still can be enhanced through the
induction of citric acid production of Korbe 0909 isolate, for instance by manipulating its
metabolism.

To determine the impact of treatments on the condition of crystal minerals, observation
was performed by SEM and XRD analyses on the SPab prototypes. The result showed that
there were changes in physical form and material component between untreated PR and PR
activated biologically and conventionally (Figure 1). The XRD analysis showed that the
dissolution of LCS and acids (H,SO, and H3PO,) caused damage to mineral crystal (Figure 2).
The XR diffrac tograms show that CPR and MPR were dominated by phosphatic mineral, i.e.
apatite (Ca3(PO4)3(F, OH, CI)). This is in accordance with the referenced characteristics of the
mineral stated by Brindley & Brown (1980).

The result of dissolved P analysis showed that in CPR the decrease of H3PO,4 concentration
affected the perchloric acid extractable, 2% citric acid and water-dissolved P (Table 6). The effect
of reduction of H3PO, concentration on water-dissolved P was apparently larger in comparison
with 2% citric acid and perchloric acid-dissolved P. In these PR, utilization of 42% H3PO,
produced citrate and perchlorate-extractable P which was not significantly different with
utilization of 52% H3PO,.

In CPR, the decrease of H3PO, concentration significantly decreased the perchloric, 2%
citric acid and water-dissolved P. Nevertheless, in MPR the reduction of HsPO, concentration
influenced less the waterdissolved P in comparison with CPR. The reduction of H3PO,
concentration from 52% to 42% produced the same value of perchlorate and citrate-dissolved P.
The differentces of the effect of reduction of H;PO4 concentration on P extractable in perchloric,
soluble in citric acid and water of CPR and MPR were probably due to the differences of
phosphorus binding in these two PRs.



Figure 1.Scanning electron micrographs of CPR (A), MPR (B), inactivated PR (top),
biological-activated PR (SPab, middle), and conventional-activated PR (bottom)
(1000x)
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Figure 2.  X-ray diffractograms of CPR (A), MPR (B), inactivated PR (top), biological-

activated PR (SPab, middle), and conventional-activated PR (bottom) (1000x)



Table 6. Soluble P contents of CPRab and MPRab as affected by reduction of phosphoric acid
concentration.

Perchloric acid Soluble P content
Treatments extractable P 2% Citric
(Rund, 1984) acid H,O
.................... P(gkg™
CPR+8.5 mL LCS+28 mL H3PO,4 (52%) 173.3 a*) 1179 a 111.3a
CPR+8.5 mL LCS+28 mL H;PO, (42%) 154.1 ab 112.7 a 89.5b
CPR+8.5 mL LCS+28 mL HsPO, (32%) 140.2 ab 91.3b 716¢C
CPR+8.5 mL LCS+28 mL H3PO, (22%) 1349b 725¢c 63.8d
MPR+8.5mL LCS+28 mL H3PO, (52%) 140.0 a 75.1a 22.3a
MPR+8.5 mL LCS+28 mL H;PO, (42%) 134.0 a 725a 214 a
MPR+8.5mL LCS+28 mL H3PO, (32%) 114.8b 520b 210a
MPR+8.5 mL LCS+28 mL HsPO, (22%) 95.6 ¢ 51.1b 144b

*) Figures followed by similar letter(s),in the same column and in the same PR source are not
significantly different according to DMRT (P < 0.05).

Conclusions and Suggestions

The reactivity of PR from Cileungsi (CPR) and Madura (MPR) could be increased by
using LCS from Korbe 0909 isolate which was isolated from PR mining soil and identified as
Aspergillus sp. The ability of Korbe 0909 isolate to dissolve P was significantly higher than
conventional method in CPR, while it was not significantly different in MPR. However,
dissolved P (2% citric acid and water) and the S contents of activated CPR and MPR were
significantly lower than those of SP36.

Utilization of other technologies to activate CPR and MPR can be done in order to make
P content dissolved in citric acid equal to P dissolved in perchloric acid as well as to make P
dissolved in water equal to P dissolved in citric acid. In addition concerning the high Al content
in CPR and MPR, apparently researches to study the potential of Al toxicity in CPR and MPR on
plant growth or the effort to reduce or neutralize Al in CPR and MPR need to be done.

Acknowledgements
The authors greatly acknowledge the financial support provided by The Agency for

Agricultural Research and Development, Department of Agriculture, Republic of Indonesia and
PT Pupuk Kalimantan Timur (Persero) (Contract No.PL 420.0005.824/ P2TP2).


http://420.0005.824/P2TP2)

References

Bar-Yosef, B., R. D. Rogers, J. H. Wolfram, & E. Richman (1999). Pseudomonas cepacia
mediated rock phosphate solubilization in Kaolinite and Montmorillonit suspensions.
Soil Sci. Soc. Am. J., 63, 1703-1708.

Bojinova, D., R. Velkova, 1. Grancharov & S. Zhelev (1997). The bioconversion of Tunisian
phosphorite using Aspergillus niger. Nut. Cyc. Agroecosyst., 47(3), 227-232.

Brindley, G. W. & G. Brown (1980). Crystal structures of clay minerals and their X-ray
identification. Mineralogical Soc. Monograph No. 5 London, UK.

Cunningham, J.E. & C. Kuiack (1992). Productions of citric and oxalic acids and solubil-
izations of calcium phosphate by Penicillium bilaji. Appl. Environ. Microbiol., 58(5),
1452-1458.

Domsch, K.H., W. Gams & T.H. Anderson (1980). Compedium of Soil Fungi. London, Aca-
demic Press

Gilman, J.C. (1963). A Manual of Soil Fungi. Amas, The lowa State University Press,
450pp.

Goenadi, D.H. (1990). Effect of acidulation on the mineralogical characteristics of a commer-
cial phosphate rock. Indon. J. Trop. Agric., 2,1-5.

Goenadi, D.H. & R. Saraswati (1993). Kemampuan melarutkan fosfat dari beberapa isolat
fungi pelarut fosfat. Menara Perkebunan, 61 (3), 61-66.

Goenadi, D.H. (1994). Reaktivita§ pupuk fosfat alam yang digranulasi dengan amonium
sulfat dan yang diasamkan sebagian. Pelita Perkebunan, 10(2), 73-80.

Goenadi, D.H. (1996). Pemanfaatan mikroba pelarut fosfat dalam pembuatan pupuk Bio-P.
Warta Puslit. Biotek Perkebunan, 11(1), 4348.

Goenadi, D.H., R.A. Pasaribu, Isroi, H. Hartono & R. Misman (1999). Phosphate-solubilizing
fungi isolated from tropical forest soils. Menara Perkebunan, 67(1), 40-51.

Goenadi, D.H., Siswanto & Y. Sugiarto (2000). Bioactivation of poorly soluble phosphate
rocks with a P solubilizing fungus. Soil. Sci. Soc.Am.J., 64,927-932.

lilmer, P. & F. Schinner (1992). Solubilization of inorganic phosphate by microorganisms
isolated from forest soils. Soil Biol. Biochem., 24, 389-395.

Ilimer, P., A. Barbato & F. Schinner (1995). Solubilization of hardly-soluble AIPO, with.. P-
solubilizing microorganisms. Soil Biol. Biochem., 23(3),265-270.

Omar, S.A. (1998). The role of rock-phosphatesolubilizing fungi and vesicular-arbuscular-
mycorrhiza (VAM) in growth of wheat plants fertilized with rock phosphate. World J.
Microbiol. Biotechnol., 14(2), 211-218.

Page, A.L, R.H. Miller & D.R. Keeney (1982). Methods of Soil Analysis. 11. Chemical and
Microbiological Properties. Agron. Monogr. No. 9.2 Madison, Am. Soc. Agr.


http://properties.agron.monogr.no.9.2/

Premono, M.E., R. Widyastuti & I. A. Chaniago (1992). Pengaruh bakteri pelarut fosfat
terhadap serapan kation unsur mikro tanaman jagung pada tanah masam. Dalam
Pertemuan Ilmiah Tahunan PERMI Bogor, 2-3 Desember 1991.

Rajan, S.S.S. & A. Ghani (1997). Differential influence of soil -pH on the availability of
partially sulphuric and phosphoric acidulated phosphate rocks. 2. Chemical and scanning
electron microscopic studies. Nutr. Cyc. Agroecosyst., 48 (3), 171-178.

Rao, N.S.S. (1982). Phosphate solubilizing microorganisms. In Biofertilizer in Agriculture.
New Delhi, Oxford & IBH Publishing Co.

Rund, R. C. (1984). Agricultural limiting materials In Sidney Williams (Ed.) Official Methods
of Analysis of the Association of Official Analytical Chemists. Virginia, USA. p 1-7

Sakurai, A., M. Itoh, M. Sakakibara, H. Saito & M. Fujita (1997). Citric acid production by
Aspergillus niger immobilized on porous cellulose beads. J. Citric Technol. Biotech.,
70,157-162.

Samson, R.A., E.S. Hoekstra & C.A.N van Oorschot (1984). Introduction to Food Borne
Fungi. Centraalbureau voor Schimmelcultures. BAARN, Netherlands.

Tan, K.H. (1995). Dasar-dasar Kimia Tanah (terjemahan). Jogyakarta, Gadjah Mada
University Press. 295pp.

Tomar, R.K.S., K.IN. Nambeo & J.S. Raghu (1996). Efficacy of phosphate solubilizing
bacteria biofertilizer with phosphorus on growth and yield of gram (Cicer arietinum).
Indian J. Agron., 41(3), 412-415.



