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Abstract

Various Phosphate solubilising microorganisms (PSM) were isolated from the natural habitats of Populus
alba from Lahaul and Spiti valleys of Himachal Pradesh. The PSB isolated belonged to genera Bacillus and
Micrococcus while the PSF isolated frequently belonged to species of Aspergillus and Penicillium. The
isolates with high efficiency for tricalcium phosphate solubilisation, were further tested for their capacities
to solubilise Mussoorie Rock Phosphae (MRP), Udaipur Rock Phosphate (URP) and North Carolina Rock
Phosphate (NCRP) at different pH ranges. The bacterial isolate PBC2 (Bacillus) was reported to be highly
efficient under alkaline conditions while amongst fungi PFC6 (Aspergillus niger) was solubilising
maximum insoluble phosphate under acidic conditions.
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Introduction

Phosphorus (P) plays a crucial role in various biochemical processes of plant viz.
photosynthesis, respiration, cell division etc. Chemical fertilizers in the form of soluble
inorganic phosphate are immobilised generally to greater extent after their introduction in soils
and hence become unavailable to plants (Dadarwal et al., 1997) . A number of phosphate
solubilising microbes (PSM) are known to produce acidic products which either by change of
soil pH or by chelation of metal cations, release insoluble phosphorus in soluble form (Reyes et
al., 2002; Chung et al., 2005; Gupta et al., 2007) 2 5. These phosphate solubilising
biofertilizers have gained importance due to increase in the cost of fertilizers and environmental
hazards posed by them.

Keeping all these points in view, the solubilisation efficiencies of screened microbial isolates
were tested using various sources of phosphates at different pH values varying from acidic (pH
5.0) to alkaline (pH 9.0).

2. Materials and Methods

Six phosphate solubilising bacteria (PSB) viz. viz PBC1 (Bacillus sp.), PBC2 (Bacillus sp.),
PBC3 (Unidentified), PBC4 (Micrococcus), PBC5 (Unidentified), PBC6 (Bacillus sp.) and
seven Phosphate solubilising fungi (PSF) viz. PFC1 (Unidentified), PFC2 (Aspergillus niger),
PFC3 (Penicillium sp.), PFC4 (Unidentified), PFC5 (Aspergillus fumigatus), PFC6 (Aspergillus
niger) and PFC7 (Unidentified) isolated from Kukumseri and Udaipur areas of Lahaul and Spiti
valleys were tested for their efficacies to solubilise tri calcium phosphate (TCP) at different pH
values (5-9). Out of these three PSB and three PSF were screened to test their efficacies to
dissolute various rock phosphates (RP) viz. North Carolina Rock Phosphate (NCRP), Mussoorie
Rock Phosphate (MRP) and Udaipur rock phosphate (URP) at different pH values (5-9) in
Pikovskaya (PVK) (Pikovskaya, 1948) [l and National Botanical Research Institute (NBRIP)
broth (Nautiyal, 1999) [, respectively. The quantitative estimation of P dissolution by these
isolates was done by following Ascorbic acid method (Watanabe and Olsen, 1965) 1%, The
intensity of blue colour was measured on spectrophotometer at 730 nm and quantity of P
solubilised was expressed as pg/ml. The pH of the filtrate was recorded at the end of the
experiment.

3. Results and Discussion

Bacterial isolates PBC1-PBC6 were tested for their efficacies to solubilise TCP at various pH

values (5-9) i.e. from acidic to alkaline range. Out of these isolates PBC2 (Bacillus sp.)

represented maximum TCP dissolution (79.5 pg/ml in NBRIP and 76.4 pg/ml in PVK broth)

followed by PBCS5 (Unidentified) (69.2 pg/ml in NBRIP and 67.9 pg/ml in PVK broth) and
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PBCI1 (Bacillus sp.) (54.2 pg/ml in NBRIP and 51.7 pg/ml in
PVK broth) at pH 9 (Table 1). The highest decrease in pH of
filtrate was also reported at pH 9 in PBC2 (Bacillus sp.) (7.76
in NBRIP and 7.79 in PVK broth) followed by PBCS
(Unidentified) (7.79 in NBRIP and 7.83 in PVK broth) and
PBCI1 (Bacillus sp.) (7.82 in NBRIP and 7.86 in PVK broth)
(Table 2). These screened bacterial isolates viz. PBC2
(Bacillus sp.), PBC5 (Unidentified) and PBC1 (Bacillus sp.)
were further tested for their abilities to dissolute three
different types of rock phosphates (NCRP, MRP and URP) in
NBRIP and PVK broths respectively. The highest RP
solubilisation was observed by PBC2 (Bacillus sp.) while
solubilising NCRP (51.2 pg/ml in NBRIP and 46.9 pg/ml in
PVK broth) followed by MRP (49.0 pg/ml in NBRIP and 46.2
pg/ml in PVK broth) and URP (43.7 pg/ml in NBRIP and
42.5 in PVK broth) at pH 9 (Table 3). The maximum decrease
in pH of filtrate was reported in PBC2 (Bacillus sp.) during
NCRP solubilisation (7.8 in NBRIP and 7.9 in PVK broth)
followed by MRP (7.84 in NBRIP and 7.93 in PVK broth) and
URP solubilisation (7.88 in NBRIP and 7.98 in PVK broth) at
pH 9 (Table 4). Fungal isolates (PFC1-PFC7) were also tested
for their abilities to solubilise TCP in NBRIP and PVK broths
respectively at different pH ranges (5-9). Out of these fungal
isolates PFC6 (Aspergillus niger) was reported to be highly
efficient with maximum TCP solubilisation (116.1 pg/ml in
NBRIP and 112 pg/ml in PVK broth) followed by PFCS5
(Aspergillus fumigatus) (109.7 pg/ml in NBRIP and 104.9
pg/ml in PVK broth) and PFC3 (Penicillium sp.) (93.4 pg/ml
in NBRIP and 91.2 pg/ml in PVK broth) at pH 5 (Table 5).

The highest fall in pH of filtrate was observed by PFC6 (A.
niger) (4.23 in NBRIP and 4.28 in PVK broth) followed by
PFCS5 (A. fumigatus) (4.26 in NBRIP and 4.31 in PVK broth)
and PFC3 (Penicillium sp.) (4.34 in NBRIP and 4.40 in PVK
broth) (Table 6). The three screened fungal isolates viz. PFC6
(A. niger), PFC5 (A. fumigatus) and PFC3 (Penicillium sp.)
were further tested for their capabilities to solubilise three
different rock phosphates i.e. NCRP, MRP and URP in
NBRIP and PVK broth respectively at different pH ranges (5-
9). The PFC6 (A. niger) isolate represented highest RP
dissolution during NCRP solubilisation (67.3 png/ml in NBRIP
and 61.2 pg/ml in PVK broth) followed by MRP (59.3 pg/ml
in NBRIP and 57.5 pg/ml in PVK broth) and URP (54.7
pg/ml in NBRIP and 53.2 pg/ml in PVK broth) at pH 5 (Table
7). The highest decrease in pH of filtrate was also observed in
PFC6 (A. niger) during NCRP solubilisation (4.83 in NBRIP
and 4.88 in PVK broth) followed by MRP (4.89 in NBRIP and
4.96 in PVK broth) and URP solubilisation (4.91 in NBRIP
and 4.98 in PVK broth) at pH 5 (Table 8). The results indicate
that the pH of a nutrient medium affects the performance of P
solubilisers (Gaur, 1990) ™ and organic acids produced by
these organisms chelate Calcium ions to bring P into solution
(Randall et al., 2001). The lower pH values and more
available P were also reported due to inoculation of these P
solubilisers in soil (Caravaca et al., 2004) . The PSB
exhibited highest P solubilising abilities from neutral to
alkaline values (pH 7-9) while PSF from neutral to acidic
values (pH 7-5) irrespective of individual cultures.

Table 1: Effect of pH on tricalcium phosphate solubilisation (pug/ml) by bacterial isolates in Pikovskaya and NBRIP broth in Populus alba

(Mean#SE)
pH Values
Bacteria 5 6 7 8 9

PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP

PBC1 40.1 £ 435+ 433+ 494+ 472+ 494 + 479+ 49.1 £ 51.7+ 542 +
(Bacillus sp.) 0.115 0.503 0.305 0.513 0.264 0.461 0.152 0.305 0.251 0.251
PBC2 65.9 + 69.3 + 69.3 + 725+ 73.5+ 79.1 £ 74 + 78.9 £ 76.4 £ 79.5 +
(Bacillus sp.) 0.152 0.300 0.264 0.550 0.550 0.100 0.251 0.152 0.513 0.556
PBC3 35.1+ 37.6 £ 36.2 383+ 383+ 39.2+ 41 + 432+ 443 £ 494 +
(Unidentified) 0.360 0.400 0.251 0.305 0.264 0.208 0.200 0.251 0.264 0.378
PBC4 372+ 40.1 + 412+ 44.6 + 44.8 + 492 + 473+ 494 + 492 + 532+
(Micrococcus) 0.251 0.208 0.200 0.400 0.152 0.251 0.208 0.493 0.200 0.264
PBCS 54.7 + 572+ 579+ 594+ 62.2 £ 66.5 £ 65.8 £ 69.4 + 679+ 69.2 +

(Unidentified) 0.251 0.251 0.152 0.416 0.251 0.305 0.321 0.568 0.100 0.251
PBC6 22.8+ 233+ 245+ 28.6 28.0+ 313+ 29.7+ 345+ 362+ 382+

(Bacillus sp.) 0.264 0.208 0.513 0.321 0.057 0.321 0.519 0.896 0.264 0.251

Table 2: Effect of pH on pH of filtrate in bacterial isolates in Pikovskaya and NBRIP broth in Populus alba (Mean+SE)
pH Values
Bacteria 5 6 7 8 9

PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP

PBC1 (Bacillus 481+ 476 £ 496 + 491 =+ 595+ 5.89 £ 691 £ 6.88 7.86 £ 7.82 +
sp.) 0.015 0.011 0.030 0.020 0.015 0.015 0.015 0.015 0.010 0.020
PBC2 (Bacillus 472 + 4.69 £ 481+ 4.77+ 5.90 + 5.87+ 6.82 + 6.77 £ 7.79 £ 7.76 +
sp.) 0.025 0.005 0.00 0.015 0.036 0.015 0.020 0.015 0.036 0.005
PBC3 489+ 4.80 5.05+ 5.01 + 6.10 + 6.03 + 7.05 + 7.00 + 8.01 + 793 +
(Unidentified) 0.025 0.017 0.020 0.020 0.015 0.025 0.020 0.010 0.010 0.130
PBC4 4.85+ 4.76 £ 499+ 4.96 = 6.07 = 6.01 7.01 £ 6.99 £+ 7.98 £ 791 +
(Micrococcus) 0.055 0.015 0.005 0.025 0.020 0.020 0.011 0.015 0.011 0.017
PBCS 4.74 + 4.70 £ 492+ 4.88 = 593+ 591+ 6.87 6.83 £ 7.83 £ 7.79 +
(Unidentified) 0.015 0.011 0.015 0.015 0.011 0.010 0.011 0.017 0.010 0.010
PBC6 (Bacillus 491+ 488+ 522+ 511+ 6.18 = 6.12 + 713+ 7.09 = 8.08 = 8.01 £
sp.) 0.015 0.015 0.017 0.025 0.015 0.020 0.026 0.015 0.026 0.015
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Table 3: Effect of pH on rock phosphate solubilisation (ng/ml) by bacterial isolates in Pikovskaya and NBRIP broth in Populus alba (Mean+SE)

pH Values
Bacteria Rock 5 6 7 8 | 9
phosphate
PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP
NCRP 133+ 19.2 + 16.2 21.6+ 203 + 22 + 23.8+ 27.7 + 25.1+ 29.7 £
0.208 0.208 0.230 0.585 0.321 0.665 0.472 0.493 0.100 0.611
PBC1 (Bacillus MRP 10.2 £ 13.1+ 143+ 17.6 £ 16.9 = 19.5+ 222+ 242 + 242 + 263+
sp.) 0.251 0.305 0.321 0.416 0.251 0.550 0.264 0.305 0.251 0.321
URP 34+ 7.7+ 6.2+ 8.63 £ 9.86 122+ 173 £ 19.0+ 19.1+ 222+
0.378 0.360 0.173 0.513 0.152 0.346 0.321 0.200 0.152 0.305
NCRP 375+ 46.6 40.0 = 47.8 + 443 + 45.7 + 45.7 + 48.6 = 46.9 + 512+
0.200 0.400 0.200 0.305 0.550 0.854 0.435 0.493 0.305 0.251
PBC2 (Bacillus MRP 333+ 37.6+ 38.1+ 41.7+ 419+ 44.1 + 445+ 46.4 + 46.2 + 49 +
sp.) 0.200 0.251 0.305 0.378 0.351 0.100 0.503 0.503 0.321 0.200
URP 17.1+ 19.5+ 225+ 252+ 302+ 294 + 392+ 413+ 425+ 43.7+
0.305 0.404 0.556 0.230 0.264 1.92 0.251 0.351 0.416 0.802
NCRP 17.7+ 21.6 + 189+ 23.7+ 223+ 255+ 258+ 283+ 26.7 315+
0.251 0.585 0.208 0.458 0.300 0.472 0.264 0.321 0.264 0.503
PBC5 MRP 11.6 142 + 159+ 179+ 21.1+ 235+ 247+ 26.6 + 249 + 279+
(Unidentified) 0.600 0.200 0.208 0.100 0.288 0.529 0.251 0.360 0.264 0.251
URP 10.6 = 144 + 132+ 144+ 16.8 + 189+ 20.2 + 212+ 219+ 253+
0.152 0.793 0.351 0.152 0.152 0.305 0.321 0.251 0.251 0.305

Table 4: Effect of pH on pH of filtrate during rock phosphate solubilisation by bacterial isolates in Pikovskaya and NBRIP broth in Populus

alba(Mean+SE)
pH Values
Bacteria ph(ljs?)cr'l(ate 5 6 7 8

PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP

NCRP 490+ 4.84 + 512+ 5.06 = 6.12 + 6.06 + 729+ 712+ 8.01 = 7.99 £

0.010 0.011 0.023 0.025 0.025 0.017 0.015 0.025 0.010 0.025

PBC1 (Bacillus MRP 490 + 4.87 + 5.20 + 512+ 6.16 + 6.12 + 732+ 7.28 + 8.02 + 795+
sp.) 0.005 0.020 0.015 0.025 0.025 0.025 0.030 0.015 0.020 0.025
URP 497+ 493+ 530« 517+ 6.34 £ 6.19 £ 7.37 £ 733+ 8.17+ 8.02 +

0.020 0.020 0.005 0.030 0.010 0.020 0.015 0.025 0.020 0.025

NCRP 4.80 4.75 + 488+ 483+ 6.00 £ 5.96 £ 7.02 £ 6.97 + 79+ 7.8+

0.020 0.025 0.011 0.010 0.011 0.025 0.030 0.015 0.020 0.020

PBC2 (Bacillus MRP 487+ 482+ 491+ 487+ 6.07 £ 5.96 £ 7.01 £ 6.99 + 7.93 £ 7.84 £

sp.) 0.015 0.015 0.015 0.020 0.030 0.020 0.015 0.005 0.020 0.00
URP 4.90 + 4.86 4.99 + 4.90 + 6.12 £ 6.05 £ 7.10 £ 7.01+ 7.98 £ 7.88 £

0.015 0.025 0.020 0.017 0.020 0.032 0.00 0.037 0.005 0.005

NCRP 487+ 481 + 513+ 497+ 6.06 £ 6.01 + 7.27 £ 7.00 = 7.99 £ 7.89 £

0.020 0.015 0.030 0.011 0.030 0.015 0.040 0.023 0.010 0.025

PBC§ MRP 488+ 483+ 515+ 5.02+ 6.10 £ 6.05 £ 727+ 722+ 8.06 £ 7.87 £
(Unidentified) 0.005 0.011 0.026 0.035 0.020 0.010 0.015 0.025 0.020 0.015
URP 491+ 4.89 + 523+ 5.14+ 6.18 £ 6.12 £ 732+ 7.02+ 8.10+ 791+

0.011 0.00 0.035 0.045 0.020 0.005 0.030 0.020 0.020 0.025

Table 5: Effect of pH on tricalcium phosphate solubilisation (ug/ml) by fungal isolates in Pikovskaya and NBRIP broth in Populus alba

(Mean+SE)
pH Values
Fungi 5 6 7 8

PVK NBRIP PVK NBRIP | PVK | NBRIP | PVK | NBRIP | PVK | NBRIP

PFCI 440+ 461+ 411+ 432+ | 355+ | 370+ | 303+ | 332+ | 274+ | 282+
(Unidentified) 0.404 0.152 0.152 0.305 0.152 0.500 0321 0.251 0.450 0251
. 403+ 420+ 392+ 407+ | 277+ | 300+ | 208+ | 222+ | 164+ | 174+

PFC2 (A-niger) |55 0.200 0305 0.200 0.200 0.152 0.115 0.305 0360 0.152
PFC3 912+ 934+ 852 + 892+ | 706+ | 740+ | 631+ | 646+ | 533+ | 549+
(Penicilliumsp) | 0251 0.450 0.200 0.251 0.781 0.152 0.208 0.100 0305 0.100
PFC4 724+ 764+ 693 + 712+ | 587+ | 592+ | 502+ | 534+ | 473+ | 502+
(Unidentified) 0.450 0.400 0321 0.251 0321 0.550 0305 0.251 0351 0305
PFC5 1049+ | 1097+ | 999+ | 103.0+ | 905+ | 922+ | 722+ | 750+ | 604+ | 613+

(A fumigatus) 0.152 1.02 0305 0.493 0.458 0.305 0321 0.152 0.472 0.100

. 1120+ | 1161+ | 1092+ | 1103+ | 952+ | 963+ | 80.1+ | 818+ | 688+ | 702+

PFC6 (A niger) | ng 0.360 0321 0321 0305 0351 0.100 0.230 0.288 0321
PFC7 678+ 68.9 + 638 + 650+ | 501+ | 513+ | 392+ | 400+ | 352+ | 384+
(Unidentified) 0321 0351 0.152 0.208 0.208 0.208 0251 0.100 0.264 0.529
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Table 6: Effect of pH on pH of filtrate during TCP solubilisation in fungal isolates in Pikovskaya and NBRIP broth in Populus alba (Mean+SE)

pH Values
Fungi 5 6 7 8 9

PVK | NBRIP | PVK | NBRIP | PVK | NBRIP | PVK | NBRIP | PVK | NBRIP

PFCI 468+ | 464+ | 513+ | 510+ | 603+ | 598+ | 772+ | 769+ | 877+ | 872+
(Unidentified) 0.005 0.015 0.010 0.010 0.010 0.015 0.010 0.011 0.011 0.010
. 471+ | 465+ | 527+ | 520+ | 608+ | 603+ | 778+ | 775+ | 878+ | 874+
PFC2(A-nigen) 115 0.011 0.020 0.010 0.015 0.015 0.005 0.011 0.015 0.010
PFC3 440+ | 434+ | 471+ | 462+ | 491+ | 485+ | 759+ | 756+ | 863+ | 859+
(Penicilliumsp.) | 0.015 0.011 0.005 0.025 0.020 0.011 0.011 0.010 0.010 0.017
PFC4 460+ | 457+ | 497+ | 488+ | 501+ | 495+ | 763+ | 758+ | 869+ | 863+
(Unidentified) 0.005 0.010 0.020 0.015 0.015 0.020 0.005 0.015 0.015 0.015
PFC5 431+ | 426+ | 462+ | 457+ | 475+ 47+ 756+ | 747+ | 858+ | 854+

(A fumigatus) 0.017 0.010 0.005 0.020 0.015 0.010 0.017 0.020 0.010 0.020

. 428+ | 423+ | 449+ | 446+ | 461+ | 458+ | 751+ | 746+ | 857+ | 852+

PFC6 (A-migen) | "1 0.015 0.015 0.010 0.015 0.025 0.017 0.010 0.005 0.020
PFC7 464+ | 460+ | 505+ | 498+ | 512+ | 506+ | 768+ | 764+ | 872+ | 868+
(Unidentified) 0.010 0577 0.015 0.015 0.020 0.030 0.010 0.015 0.005 0.015

Table 7: Effect of pH on rock phosphate solubilisation (ug/ml) by fungal isolates in Pikovskaya and NBRIP broth in Populus alba (Mean+SE)

Rock pH Values
Fungi oc 5 6 7 8 9
phosphate
PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP
NCRP 533 % 582+ 513+ 543 £ 44.7 46.3 = 40.6 = 433+ 320+ 343+
PFC3 0.305 0.321 0.264 0.416 0.251 0.360 0.208 0.300 0.057 0.321
(Penicillium MRP 49.1 + 51.8+ 441+ 473+ 399+ 432+ 369+ 40.1+ 293+ 30.6 +
sp.) 0.907 0.208 0.100 0.264 0.360 0.305 0.702 0.152 0.305 0.305
’ URP 422+ 458 + 345+ 371+ 28.7 % 302+ 222+ 256 194 223+
0.305 0.152 0.550 0.115 0.251 0.251 0.321 0.404 0.608 0.321
NCRP 59.6 = 652+ 589+ 61.6 504 £ 54.6 £ 44.7 = 479 + 394+ 43.6 +
0.692 0.305 1.13 0.208 0.503 0.450 0.208 0.305 0.360 0.458
PFC5 MRP 543 % 562+ 50.1 £ 534+ 459 + 48.2 40.1 = 432+ 382+ 41.6 =
(A.fumigatus) 0.351 0.173 0.152 0.321 0.057 0.251 0.100 0.321 0.264 0.503
URP 492 + 532+ 44.1 = 46.5 = 389+ 414+ 36.0 £ 384+ 27.8 329+
0.264 0.305 0.152 0.200 0.173 0.264 0.100 0.264 0.321 0.680
NCRP 612+ 673 % 599+ 62.8 £ 54.6 £ 577+ 48.6 = 53.6 % 44.0 = 475+
0.251 0.300 0.529 0.305 0.568 0.360 0.450 0.458 0.115 0.300
PFC6 MRP 575+ 593+ 51.0+ 542+ 48.7 + 534+ 46.9 + 495+ 378+ 423+
. niger . . . . . . . . . .
A.ni 0.351 0.251 0.200 0.251 0.288 0.200 0.305 0.550 0.264 0.472
URP 532+ 547+ 47.1 % 49.1 £ 432+ 44.8 £ 39.1+ 419+ 302+ 32.0=
0.321 0.400 0.230 0.351 0.305 0.435 0.360 0.611 0.305 0.450

Table 8: Effect of pH on pH of filtrate during rock phosphate solubilisation by fungal isolates in Pikovskaya and NBRIP broth in Populus alba

(Mean+SE)
pH Values
Fungi Rock 5 6 7 8 9
phosphate
PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP PVK NBRIP
NCRP 4.92 + 484+ 5.00 £ 4.85+ 6.03 = 598 £ 7.09 + 7.06 £ 8.19 + 8.15+
0.025 0.020 0.015 0.037 0.030 0.015 0.020 0.015 0.00 0.015
(Pelrjﬁ:ﬁfium MRP 4.98 + 489+ 5.05+ 493 + 6.09 6.03 £ 7.17 7.09 + 821+ 8.18 £
sp.) 0.010 0.026 0.015 0.010 0.020 0.015 0.020 0.020 0.010 0.011
URP 4.99 + 495+ 5.08 £ 497+ 6.15+ 6.07 £ 725+ 7.15+ 831« 821+
0.011 0.010 0.010 0.015 0.005 0.020 0.011 0.005 0.005 0.010
NCRP 4.82+ 475+ 4.87 479 + 598 + 5.88+ 7.07 + 7.00 £ 8.11=+ 8.04
0.025 0.026 0.011 0.017 0.00 0.015 0.020 0.015 0.015 0.020
PFC5 MRP 485+ 478 + 491+ 4.84 + 598 + 5.89 + 7.09 7.06 £ 8.16 + 8.08 £+
(A.fumigatus) 0.011 0.015 0.015 0.015 0.017 0.025 0.005 0.015 0.010 0.020
URP 4.89 + 485+ 4.98 + 4.89 + 6.00 5.94 £ 7.14 £ 7.09 + 821+ 8.16 +
0.005 0.015 0.005 0.010 0.015 0.011 0.015 0.015 0.011 0.010
NCRP 4.88 + 483+ 4.99 + 4.94 + 6.01 5.96 £ 7.04 £ 6.99 + 8.09 + 8.01 £
0.015 0.020 0.005 0.005 0.015 0.020 0.011 0.015 0.020 0.017
PFCo6 MRP 4.96 + 489+ 4.99 + 4.88 + 6.08 597+ 7.08 £ 7.03 £ 8.11+ 8.07 £
(A. niger) 0.011 0.015 0.020 0.015 0.020 0.015 0.015 0.011 0.010 0.017
URP 4.98 = 491 =+ 5.02+ 497+ 6.09 6.02 722+ 711+ 8.18 % 8.11=+
0.005 0.00 0.015 0.015 0.00 0.020 0.017 0.015 0.005 0.017
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