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Abstract: Rock Phosphate (RP) is theoretically the cheapest fertilizer and most abundant, but its direct application in the
soils is not always agronomically effective due to its low phosphorus (P) availability. An environmentally friendly and
economically alternative to traditional processing of these deposits is the use of Phosphate Solubilising Microorganisms
(PSM). Three Penicillium strains were screened for their aptitude in solubilising sparingly soluble phosphates as well as
phosphate rock on plates and in broth supplemented with the different phosphate types. The three strains show the ability in
solubilising at least two from the sparingly soluble phosphates types, with the solubilisation index (SI) varying from 1.44 to
4.74. All the strains were able to show halo zone on plates supplemented with Malian and Algerian rock phosphates with
solubilisation index ranging from 1.2 to 1.8. No halo zone was detected on plates with Moroccan rock phosphate as sole
phosphate source. However, significant amount of phosphorus were mobilised by all strains in broth with the different rock
phosphates, including the Moroccan rock phosphate. The amount of solved P varied from 257.46 mgP.L'1 (Penicillium sp. 43)
to 326.65 mgP.L" (Penicillium sp. 109) for Malian rock phosphate, from 152.61 mgP.L'1 (Penicillium sp. 43) to 337.56
mgP.L'1 (Penicillium sp. 27) for Algerian rock phosphate, and from 283.79 mgP.L"' (Penicillium sp. 43) to 347.16 mgP.L'1
(Penicillium sp. 109) for Moroccan rock phosphate. The rock phosphate solubilisation was associated with pH media drop
and both parameters were strongly correlated.
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phosphate solubilising microorganisms to soil has also been
found to improve the rock phosphate efficiency as a
phosphorus source [5]. Many soil microorganisms,
including bacteria and fungi, are able to mobilize
phosphorus from sparingly soluble rock phosphates, and
they have an enormous potential in providing soil
phosphates for plant growth [6,7]. Microbial solubilisation

1. Introduction

The optimal development of crops demands a high, often
costly input of P fertilizers. Current concepts in
sustainability involve application of alternative strategies
based on the use of less expensive natural sources of plant
nutrients like rock phosphate. The beneficial effect of rock

phosphate has made this material an attractive component
for management in agriculture [1]. However, the direct
application of low-grade rock phosphate as a P source in
neutral and alkaline soils was of little importance [2,3]. In
Mali, the use of Tilemsi Rock Phosphate (TPR) as
phosphorus source was limited by its inefficiency in many
agricultural soils [4]. However, Addition of an inoculum of

of rock phosphate, especially low grade and its use in
agriculture is receiving greater attention. This process not
only compensates for higher cost of manufacturing
fertilizers in industry but also mobilises the fertilizers added
to soil [8]. The present study aims at characterizing the rock
phosphate solubilising ability of three Penicillium strains
isolated from different agro ecological zones of Cameroon.
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2. Materials and Methods

2.1. Sampling Zones Description

The three fungi strains were obtained from soils collected
in three out of the five agro ecological zones of Cameroon:
The High Guinea Savanna Zone II, the southern plateau
raises northward to the grassy, rugged Adamawa Plateau.
This feature stretches from the western mountain area and
forms a barrier between the country's north and south. Its
average elevation is 1,100 meters and its temperature ranges
from 22°C to 25°C with high rainfall. The Western
Highlands Zone III, an irregular chain of mountains, hills,
and plateaus known as the Cameroon range extends from
Mount Cameroon on the coast (Cameroon's highest point at
4,095 meters) almost to Lake Chad at Cameroon's northern
tip. This region has a mild climate, particularly on the
Western High Plateau, although rainfall is high. Its soils are
among Cameroon's most fertile, especially around volcanic
Mount Cameroon. This area has been delineated by the
World Wildlife Fund as the Cameroonian Highlands forests
ecoregion. The Bimodal Humid Forest Zone V, the South
Cameroon Plateau rises from the coastal plain to an average
elevation of 650 meters. Equatorial rainforest dominates this
region, although its alternation between wet and dry seasons
makes it less humid than the coast. This area is part of the
Atlantic Equatorial coastal forests ecoregion. In general, the
climate varies with terrain, from tropical along the coast to
semiarid and hot in the north. Exceedingly hot and humid,
the coastal belt includes some of the wettest places on earth.
Top soils (0-25 cm depth) were collected from forest and
farmed locations of these agro ecological zones for strains
isolation and characterization.

2.2. Isolation and Characterization of Strains on Plates
Supplemented with Sparingly Soluble Phosphates

Rock-phosphate-solubilising fungi were isolated from
farm and forest soils collected in three agro ecological zones
of Cameroon using the dilution plate method. Ten grams (10)
soil sample were mixed with 90 ml sterile distilled water,
vigorously shacked and left to stand for 5 minutes. Series of

the homogeneous soil was diluted and the 10”°-10°° dilutions
plated on non selective LB medium (10 g Peptone, 5 g Yeast,
10 g NaCl, 15 g Agar, 1000 ml Distilled water, pH 7.5) used
for broad spectrum microorganisms. Fungi were purified by
several transfers of fungal mycelia into new media until
obtaining the pure fungal culture. Fungi strains were
maintained on LB agar slants until use.

To assess the phosphate solubilisation activity of
microorganisms, pure fungal colonies were individually
suspended into 10 ml LB broth and incubated at 28 °C, 150
rpm, for 5 days. Ten microliters of each fungal suspension
were transferred onto a single point of Petri dish containing
P-free minimal medium (MM) containing per liter distilled
water; 0.4 g NH4Cl, 0.78 g KNO3, 0.1 g NaCl, 0.25 g MgSQ,,
0.1 g CaCl,2H,0, 0.27 mg FeSO,, 1.56 mg MnSO4H,0,
1.40 mg ZnS04-7H20, 10 g Glucose, 20 g Agar, and one
of the four insoluble phosphate types (either Ca;(POy),
(Ca-P) or AIPO4 (Al-P), or FePO, (Fe-P), or Na-Phytate
(Na-phy)) at 30 mM P, plus 0.5 % BCG (Bromocresol green)
dye [9] for better observation. A stock solution of 0.5 % dye
was prepared by dissolving a corresponding weight of
Bromocresol green into 70 % ethanol and the final pH
adjusted to 6.5 with  KOH IM. The plates were sealed and
incubated at 28 °C for 5 days and the phosphate
solubilisation recorded through the halo/yellow zone
surrounding the fungal colony. The index of solubilisation
(IS) as defined by Qureshi et al. [10] was used as an indicator
for the isolate efficiency:

IS = (Colony diameter + diameter of halo zone) / Colony
diameter.

2.3. Characterization of Strains on Plates Supplemented
with Rock Phosphate from Different Origins

Three rock phosphates of different origins with
characteristics indicated in Table 1 were used. To remove the
soluble fraction, the different rock phosphates were washed
four times with worm distilled water according to the cycle:
1 hour — 24 hours - 1 hour — 24 hours. They were then
completely dried in oven at 60 °C and homogenised before
use.

Table 1. Mineral composition of the different rock phosphates used. (Magallon-Servin, unpublished).

Origin Mineral elements (%) mg/kg
Rock P Total P,O5 Available P K Ca Mg Na Fe Al Mn Zn Cu
Mali 30 12.98 0.056 28.19 0.131 0.232 3.844 0.80 8360 87 51
Morocco 13 9.33 0.093 28.83 1.93 0.552 0.267 0.42 96 219 38
Algeria 29 Nd Nd Nd Nd Nd Nd Nd Nd Nd Nd

Nd : Not determined.

The characterisation of strains for their rock phosphate
solubilising ability was assessed as previously described but
the medium used was the National Botanical Research
Institute’s Phosphate growth medium (NBRIP) [11] with
some modifications and containing per liter of distilled water:
glucose, 20 g; MgCl,-6H,0, 5 g; MgS0O,-7H,0, 0.25 g; KCI,
0.2 g; (NH4),SO,, 0.1 g and one rock phosphate at 5 g L'l,
plus 0.5 % BCG dye as previously described, pH 7.5. After 5

days incubation at 28 °C, the solubilisation index of each
fungal strain was determined.

2.4. Ability of Fungi to Solubilise Rock Phosphates in
Liquid Culture

Microorganisms were tested in liquid media to assess their
capability in releasing phosphorus from insoluble sources;
50 ml NBRIP medium were distributed into 250 ml
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Erlenmeyer flasks, individual rock phosphate types (Malian
RP, Moroccan RP, Algerian RP, or Mexican RP) was added
to the medium at the concentration of 5gL™' and the pH
adjusted to 7.5. After sterilisation and cooling, 200 pl
mycelia suspensions were used to inoculate flasks
containing the different rock phosphates in triplicate.
Triplicate non-inoculated flasks supplemented with the
different rock phosphates served as controls. Incubation was
made at 28 °C, 150 rpm for 7 days. Cultures were then
transferred into sterile falcon tubes, centrifuged at 10000
rpm for 10 minutes and aliquots taken for both P and pH
measurement.

2.5. Identification of Fungal Strains

Identification was made from pure isolates diluted and pre
heated at 95 °C for 10 minutes. Amplification of 18S rRNA
gene was performed from the genomic DNA of strains.
Fungal PCR cocktails (24ul) contained Water (18.1 pl),
Buffer (2.6 pl), 817F (0.5 pl), 1536R (0.5 ul), MgSOy (1 pl),
dNTPs (0.5 pl), BSA (0.5 pl), Platinum Taq (0.1 ul) and
Hhal (0.2 pl). Possible contamination with microbial
template was minimised through pre digestion of
components with hha I. One microliter of the preheated
fungal cells was added to the predigested Master mix and the
amplification was performed in a DNA thermo cycler at
94 °C for 4.5 minutes followed by 30 cycles of 30 seconds at
94 °C denaturation, 30 seconds at 55 °C annealing and 1.5
minute at 68 °C with final extension of 68 °C for 10 minutes.
A 3 ul aliquot of each amplification product was
electrophoresed on a 1% agarose gel in 1x TAE buffer at 50
V for 30 min and the PCR products were visualised with a
UV transilluminator. PCR products adjusted to 25-30 ng/ul
were sequenced with automated DNA sequencer with
specific primers, either 817F or 1536R. The sequences were
edited and compared with 18S sequences on the GenBank,
using the algorithm BLASTN-NCBI in order to find the
homologous sequences.

2.6. Statistical Analysis

Statistical analyses were performed with Sigma plot 12.0.
The analysis of variance (ANOVA) was run to find
difference between factors and the HSD Turkey test to
compare the different treatments. The correlation within the
solved P and pH of the corresponding media were assessed
using Statistica 9.

3. Results
3.1. Identification of Strains

The three Penicillium species were respectively labelled
Ber-fm Fy, isolated on farm field in agro ecological zone V,
with 27 as strain number; Wak-fm F, isolated on farm field
in agro ecological zone II, with 43 as strain number and
Dsc-ft Fs isolated on forest field in agro ecological zone III,
with 109 as strain number. The sequences of the different
strains are indicated in Table 2. .

3.2. Strains Characterization on Plates Supplemented with
Sparingly Soluble Inorganic and Organic Phosphates

The solubilisation index which equals to 1 indicates the
non solubilisation ability by the fungal strains while the
rating indicates the phosphate type that was solubilised by
each strain (Table 3). P.27 was the strain able to show halo
zone on plates amended with the different P types, while the
strain P.109 was able to solubilise Ca-P and Al-P only. The
highest SI was performed by P.27 on plates supplemented
with Ca-P (2.43) and Na-phy (1.45), that strain being the
only one able to show halo zone on plate amended with Fe-P.
However, the strain P. 109 shows the highest SI on plate with
Al-P (4.74). An example of halo zone displayed by P.27 on
plates amended with the different phosphate types is shown
in Figure 1.

Table 2. Sequence of the different strains.

Strains Sequences

AGGGATAGTCGGGGGCGTCAGTATTCAGCTGTCAGAGGTGAAATTCTTGG
ATTTGCTGAAGACTAACTACTGCGAAAGCATTCGCCAAGGATGTTTTCAT
TAATCAGGGAACGAAAGTTAGGGGATCGAAGACGATCAGATACCGTCGTA
GTCTTAACCATAAACTATGCCGACTAGGGATCGGACGGGCTTCTATGATG
ACCCGTTCGGCACCTTACGAGAAATCAAAGTTTTTGGGTTCTGGGGGGAG
TATGGTCGCAAGGCTGAAACTTAAAGAAATTGACGGAAGGGCACCACAAG

Penicillium sp. 27

GCGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGGAAACTCACCAGGT

CCAGACAAAATAAGGATTGACAGATTGAGAGCTCTTTCTTGATCTTTTGG
ATGGTGGTGCATGGCCGTTCTTAGTTGGTGGAGTGATTTGTCTGCTTAAT
TGCGATAACGAACGAGACCTCGGCCCTTAAATAGCCCGACCCGCTTTTGC
GGGCCGCTGGCTTCTTAGGGGGACTATCGGCTCAAGCCGATGGAAGTGCG
CGGCAATAACAGGTCTGTGATGCCCTTAGATGTTCTGGGCCGCACGCGCG
CTACACTGACAGGGTCAGCGAGTACATCACCTTGGCCGAGAGGTCTG.

GACGCCGTATGATAATAGGGATAGTCGGGGGCGTCAGTATTCAGCTGTCA
GAGGTGAAATTCTTGGATTTGCTGAAGACTAACTACTGCGAAAGCATTCG

Penicillium sp. 43

CCAAGGATGTTTTCATTAATCAGGGAACGAAAGTTAGGGGATCGAAGACG

ATCAGATACCGTCGTAGTCTTAACCATAAACTATGCCGACTAGGGATCGG
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Strains Sequences

GCGGGGTTTCTATGATGACCCGCTCGGCACCTTACGAGAAATCAAAGTTT
TTGGGTTCTGGGGGGAGTATGGTCGCAAGGCTGAAACTTAAAGAAATTGA
CGGAAGGGCACCACAAGGCGTGGAGCCTGCGGCTTAATTTGACTCAACAC
GGGGAAACTCACCAGGTCCAGACAAAATAAGGATTGACAGATTGAGAGCT
CTTTCTTGATCTTTTGGATGGTGGTGCATGGCCGTTCTTAGTTGGTGGAG
TGATTTGTCTGCTTAATTGCGATAACGAACGAGACCTCGGCCCTTAAATA
GCCCGGTCCGCGTTTGCGGGCCGCTGGCTTCTTAGGGGGACTATCGGCTC
AAGCCGATGGAAGTACGTGGCAATAACAGGTCTGTGATGCCCTTAGATGT
TCTGGGCCGCACGCGCGCTACACTGACAGGGTCAGCGAGTACATCACCTT
GGCCGAGAGGTCTGGGTAATCTTGTTACACCCTGTCGTGCTGGG.

TAGGGATAGTCGGGGGCGTCAGTATTCAGCTGTCAGAGGTGAAATTCTTG
GATTTGCTGAAGACTAACTACTGCGAAAGCATTCGCCAAGGATGTTTTCA
TTAATCAGGGAACGAAAGTTAGGGGATCGAAGACGATCAGATACCGTCGT
AGTCTTAACCATAAACTATGCCGACTAGGGATCGGACGGGCTTCTATGAT
GACCCGTTCGGCACCTTACGAGAAATCAAAGTTTTTGGGTTCTGGGGGGA
GTATGGTCGCAAGGCTGAAACTTAAAGAAATTGACGGAAGGGCACCACAA

Penicillium sp. 109

GGCGTGGAGCCTGCGGCTTAATTTGACTCGACACGGGGAAACTCACCAGG

TCCAGACAACATAAGGATTGACAGATTGAGAGCTCTTTCTTGATCTTTTG
GATGGAGGTGCATGGCCGTTCTTAGATGGAGGAGTGATTTGTCTGCTTAA
TTGCGATAACGAACGAGACCTCGGCCCTTAAATAGACCGACCCGCTTTTG
CGGGCCGCTGGCTTCTTATGGGGACTATCGGCTCAAGCCGATGGAAGTGC
GCGGCAATAACAGGTCTGTGATGCCCTTATATGTTCTGGGCCGCACGCGC

GCTACACT.

Table 3. Solubilisation Index of strains on plates supplemented with
sparingly soluble inorganic and organic phosphates.

Solubilisation Index (SI)

Strains (a) MM (b) MM (c) MM @ I\t/II1M Rating
with with with Nz;h
Cay(PO;)  AIPO;,  FePO, - vt

geel 2.43 3.92 1.43 1.45 ab,cd

sp. 27
gene 2.29 3.89 1.00 1.44 ab,d

sp. 43

e ie 1.64 4.74 1.00 1.00 ab

sp. 109

P.27Fe-P

| P27 Ca-P ‘ | P.27Al-P H P.27 Na-Phy

Figure 1. Halo (yellow) zone displayed by P.27 on plates amended with the
different sparingly soluble phosphates. The yellow colour indicates the drop
of pH of the medium associated to the process of P solubilisation..

3.3. Strains Characterization on Plates Supplemented with
Rock Phosphates of Different Origins

3.3.1. Solubilisation Index of Strains

The solubilisation index was equally used here to evaluate
the efficiency of strains in solubilising rock phosphate of
different origins on plates. All the strains were able to
solubilise Malian and Algerian rock phosphates (Figure 2),
with the highest index displayed by strain P.109 on both
Malian and Algerian rock phosphates. However, none of the

strains was able to show any visible halo zone on plate
amended with Moroccan rock phosphate (SI = 1). An
example of halo zone (Figure 3) displayed by the different
strains on plate supplemented with Algerian rock phosphate
can be observed.

2.5 q

o Mali
Algeria

B Morocco

Solubilisation Index (SI)

P.27 P.43 P.109

Strains

Figure 2. Solubilisation index of strains on plates supplemented with rock
phosphates of different origins. The different letters within the same
phosphate type are significantly different (p < 0.05).

Aloerig Rock=FP

b3F

23

Figure 3. Halo (vellow) zone displayed by the different strains on plate
supplemented with Algeria rock phosphate. The yellow colour indicates the
drop of pH associated to the process of phosphate solubilisation.
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3.3.2. Efficiency of Strains according to their SI
According to figure 4, the strain P.109 appears to be the

most efficient on plate, independently to phosphate type,

while strains P.27 and P.43 displayed the equal aptitude.

25 -

3

s 2

£

§15]

5 . ; —p27

o P43

3

< 0.5 7

@ ——P.109
0 T T 1

Mali Algeria Morocco

Origin rock phosphate

Figure 4. Aptitude of strains in solubilising rock phosphates of different
origins on plates. The different letters indicate a significant difference
between strains regardless the phosphate type.

3.3.3. Fluency of the Different Rock Phosphate to be
Solubilised on Plates
The Malian rock phosphate appears the easiest to be
solubilise on plate (Figure 5), followed by Algerian rock
phosphate, while Moroccan rock phosphate seems to be the
most recalcitrant on plate.

1.8 4
16 4 C
1.4 4
1.2 4

1
0.8 -
0.6 -
04 -
02 +

0 -+

Solubilisation Index

Mali Algeria Morocco

Origin rock phosphate

Figure 5. Fluency of the different rock phosphates to be solubilised by the
strains on plates. The different letters indicate a significant difference
between rock phosphates (p < 0.05).

3.4. Strains Characterization in Liquid Cultures
Supplemented with Rock Phosphates of Different
Origins

3.4.1. Solved Phosphorus and pH in Liquid Cultures

Important amount of phosphorus was mobilised from the
insoluble rock phosphate sources (Figure 6a) by all the
strains compared to the non-inoculated control. Significant
differences (p < 0.05) are observed within control and strains
regarding all the phosphate types. The solubilisation of rock
phosphate is associated to the pH decrease of the media
amended with the different P types (Figure 6b). While the
pH of control media is maintained at neutral, that of the
inoculated media is almost acidic, and the acidity seems to
be linked to the amount of the solved P for strains P.109 and
P.27.

=

=

-5

-1}

£

o u Mali
i

= Algeria
o

w

B Morocco

Cont p.27 P.43 P.109

Strains

Figure 6a. Concentration of the solved P in liquid cultures amended with
rock phosphates of different origins. The different letters within the same
phosphate type are significantly different (p < 0.05).
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Cont p.27 P.43 P.109
Strains

Figure 6b. pH of the corresponding media after seven days of incubation.
The different letters within the same phosphate type are significantly
different (p < 0.05).

3.4.2. Efficiency of Strains according to the concentration
of the Solved P

While significant amount of P are mobilised by all the
strains compared to control, the highest amount is mobilised
by strains P.109 and P.27 (Figure 7). Nevertheless, P.43
shows high performance regarding Malian and Moroccan
rock phosphates, but with low activity on Algerian rock
phosphate.

400

350 A C - _——?
< 300 - <
o =
Eﬂ 250 4
£ — Cont
o 200 -
3 150 P.27
g 100 1 —P43

50 1 —P.109

0 ' '
Mali Algeria Morocco
Origin rock phosphate

Figure 7. Aptitude of strains in solubilising rock phosphates of different
origins in liquid media. The different letters indicate a significant difference
between strains regardless the phosphate type (p < 0.05).
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3.4.3. Fluency of the Different Rock Phosphate to be
Solubilised in Liquid Media

Contrary to the results obtained on plates, the Moroccan
rock phosphate seems to be easily mobilised by strains in
liquid medium, compared to Malian and Algerian rock
phosphates (Figure 8). So, all the strains that did not show
any halo zone on plates amended with the Moroccan rock
phosphate were able to mobilise significant amounts in
liquid media containing the same rock phosphate type.

300 4

250 -

200 -

150 4

100

Solved P (mg P/L)

50

0

Mali Algeria Morocco

Origin rock phosphate

Figure 8. Facility of the different rock phosphates to be solubilised by the
strains in liquid media. The different letters indicate a significant difference
between rock phosphates (p < 0.05).

3.5. Correlation between Concentration of the Solved P
and the pH of the Corresponding Media

Strong correlation was observed within the solved P and
the corresponding media. Here, higher the amount of the
solved P, lower is the pH of the corresponding media.

Scatterplot: pH vs. Solubility (mgP/l) (Casewise MD deletion)
Solubility (mgP/l) = 760,17 - 108,4 * pH
Correlation: r = -,9284

80
8
o

o

Solubility (mgP/l)

-50
3,5 4,0 4,5 5,0 55 6,0 6,5 7,0 7,5

pH o 95% confidence

Figure 8. Correlation between pH and the solved P at the end of the
incubation time (p < 0.05).

4. Discussion

The first phosphate solubilising activity of the strains was
assessed on agar plates containing sparingly soluble
inorganic phosphates (Ca-P, Al-P, Fe-P), one organic
phosphate (Na-phy) as well as rock phosphate plus dye for
better observation [9,12,13]. This reaction, shown as a halo
or clear or yellow (in the present case) zone on the plate is
used to assess the P solubilisation activity of strains [14],
with the SI value as an indicator for the strain efficiency.
Thus, the higher the SI value, the greater is the activity of the
tested strain. The yellow colour associated to the strain

activity indicates the drop of pH at this place, related to the
change of the dye (Bromocresol green), moving from green
(pH greater than 6) to yellow (pH ranging from 5.4 to 3.8).
The strains were considered as phosphate solubilisers (PS)
or rock phosphate solubilisers while solubilising at least one
of the inorganic/organic phosphate types and one rock
phosphate. Some  Penicillium species have been
characterized for their inorganic and organic phosphate
solubilisation as well as rock phosphate solubilisation ability.
These include Penicillum rugulosum [15,16]; P. oxalicum
[91, P. Bilaiae, Psimplicissimum and P. minioluteum [17].
Although P.109 was not able to solubilise sparingly soluble
Fe-P and Na-phy on plate, it appears the best rock phosphate
solubiliser on plate, independently to rock phosphate origin.
While comparing the relative efficiency of strains using the
different RP, it was observed that RP solubilisation depended
on the nature of RP and the organism, and the relative
efficiency of strains for RP solubilisation may have been due
to the nature and quantity of organic acids secreted in the
medium [8]. Overall, fungi showed better solubilisation of
all the rock phosphates. However, the degree of phosphate
solubilisation varied with the type of organisms involved as
well as the rock phosphate origin. None of the strains
showed any halo zone on plates amended with Moroccan
rock phosphate. They conversely mobilised an important
amount of P in liquid culture supplemented with the same
rock phosphate. These contradictory results between plate
halo detection and phosphate solubilization in liquid cultures
were found by Fankem et al. [13] and Deubel and Merbach
[18]. This indicates that liquid culture should be associated
to halo zone for rock phosphate solubilisers characterization
[4]. However, while screening a large number of
microorganisms, the halo detection method can be regarded as
generally reliable for isolation and preliminary
characterization of rock phosphate-solubilising
microorganisms. In agreement with the present findings, two
fungal strains, Penicillium bilaii and P. cf. fuscum were found
to solubilise relative amounts of rock phosphates in liquid
culture [19], and the inorganic P as well as the rock phosphate
solubilisation were directly related to the pH drop generated
by each strains [20]. In the present study, a strong correlation
could be established between the quantity of phosphate
solubilised and drop in pH. This is not in agreement with the
findings of Narsian and Patel [8], but could be explained by
the significant positive correlation observed by Babana et al.
[4] between the solved P and organic acids produced by PSM,
suggesting that organic acids may play an important role
although it is not the only possible mechanism for P
solubilisation. As rock phosphates are theoretically the
cheapest fertilizers but with low P availability, the assessment
of the three Penicillium strains as rock phosphate solubilisers,
is important as rock phosphate can be directly applied to soil
and their solubilisation optimized by these strains. This agrees
with view of Yu et al. [21], Silva and Vidor [22] who
investigated the solubilization of rock phosphate in liquid
culture by Aspergillus niger and Penicillium oxalicum.
However, more work is required regarding the nature of rock



American Journal of Agriculture and Forestry 2014, 2(2): 25-32 31

phosphates and their interaction with efficient PSM.

5. Conclusion

The results obtained on agar plates and in liquid media
amended with either sparingly soluble phosphates or rock
phosphates showed the real aptitude of the three Penicillium
strains in mobilising important amounts of phosphorus from
insoluble phosphate sources. The efficiency of strains was
assessed on plates through the solubilisation index that is a
quick way to characterize and select strains for their
phosphate solubilising activity. Liquid culture experiment
involved the P measurement as well as the pH of the
corresponding media. All the three strains were capable to
mobilise important amount of phosphorus from the insoluble
rock phosphate sources, and the pH of the corresponding
media were correlated to the amount of the solved P. These
strains can be used for the solubilisation of fixed phosphates
into the agricultural soil systems. However, the selection of
phosphate solubilising Penicillium strains as possible
inoculation tools for phosphate-deficient soils should focus
on the integral interpretation of laboratory assays,
greenhouse experiments as well as field trials.
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