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Comparison of Determination Methods for Available-P in Soil
of Plastic Film House

Won-Seok Yang, Seong-Soo Kang, Ki-In Kim and Soon-Dal Hong*

Department of Agricultural Chemistry, Chungbuk National University, Cheongju 361-763, Korea

Pot experiments were conducted from 1999 to 2001 to compare the different methods of available
phosphorus (P) for estimation of biomass and P uptake by tomato and cucumber grown on different soils
(25 soils for tomato and 8 soils for cucumber cultivation) collected from plastic film house of Chungbuk
area. Supplementary experiment was conducted to estimate the relationship among several extraction
methods of available P such as P adsorption, water extractable-P, Lancaster-P, Olsen-P, Bray No 1 and No
2-P, and Mehlich 1 and 3-P for a total of 71 soils that included 33 soils collected for tomato and cucumber
cultivation and 38 soils taken from other sites of plastic film house. All the extraction methods of available
phosphorus except P adsorption were mutually positive correlated with r ranging from 0.81 to 0.96 while
the correlation coefficient between P adsorption and other methods ranged from -0.57 to -0.80. Phosphorus
uptake by tomato plant applied with no fertilizer was significantly correlated with the available P extracted
by different methods except P adsorption in all the experiments showing positive correlation coefficients
from 0.49 to 0.76 in April, 1999, 0.53 to 0.71 in April, 2000, and 0.59 to 0.68 in October, 2000. Consequently
relative amount of P uptake by tomato plant for all the experiments also significantly correlated with
available P in soils showing correlation coefficients of r=0.64~0.73 (P<0.0000001) in the order of Mehlich 1-
P > Mehlich 3-P > Lancaster-P. For tomato, critical concentrations of available P in soils estimated by Cate
and Nelson split method were 1700 mg kg'1 for Mehlich 3-P, 1,050 mg kg'l for Mehlich 1-P, and 95 mg kg'1
for water extractable P. Also P uptake by cucumber plant was significantly correlated with Olsen-P, water
extractable P, and Bray No 2-P with r value of 0.62, 0.59, and 0.51, respectively, in soils of no fertilization.

Key words : Tomato, Cucumber, Extraction methods of available P, Availability of P, Plastic film house
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Table 1. Physico-chemical properties of experimental soils for tomato cultivation.

Month ; pH Organic Available Exchangeable Cation
Year Texture (1:5) EC matter NO=N P20s K Ca Mg CEC
dSm" gkg' mg kg mgkg' 0 e 176 A — cmol” kg™
SL 6.07 0.92 19.3 55 761 0.37 423 1.59 13.1
SL 6.92 2.35 26.8 106 752 0.36 421 1.78 162
Apr. SL 6.81 246 32.1 147 797 0.76 7.85 29 175
1999 SL 6.51 246 234 169 1,058 0.79 6.10 2.76 154
SL 6.62 3.08 26.5 227 874 0.55 5.67 227 127
SL 6.23 426 39.5 306 800 1.16 7.63 3.02 184
SiL 7.36 1.44 36.4 46 587 0.58 13.6 1.88 14.3
L 7.16 1.95 36.7 96 899 0.56 133 1.93 14.9
SL 6.60 1.90 26.7 126 936 0.14 134 1.77 154
SiL 7.33 248 440 118 649 0.66 133 1.46 14.5
Apr. L 6.22 321 174 138 379 0.19 11.7 1.39 12.4
2000 L 6.75 278 284 164 625 0.10 14.0 2.07 15.2
L 6.50 5.54 31.5 344 883 0.49 14.3 3.06 159
SL 5.59 274 14.3 211 521 0.04 135 1.44 15.1
SL 5.76 2.85 20.5 225 598 0.06 132 1.58 14.6
L 6.59 2.03 31.5 227 1651 0.99 14.9 1.45 16.4
L 593 331 20.9 287 830 0.29 11.3 1.78 13.9
L 6.38 347 22.9 208 776 042 12.7 2.15 14.6
L 7.36 0.21 253 114 625 045 13.10 2.28 14.7
Oct. SL 5.98 0.20 38.2 135 1432 0.75 8.81 1.99 182
2000 L 5.87 0.20 40.7 134 1447 0.69 9.01 1.90 18.3
L 7.38 0.26 250 110 721 0.57 14.04 2.61 153
SL 595 0.25 375 115 1435 1.12 9.00 224 18.5
L 6.35 0.36 20.7 187 795 0.44 10.23 2.05 15.0
L 6.47 0.60 24.5 302 841 0.85 11.70 3.10 16.0

T SL, sandy loam; SiL, silty loam; L. loam.
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Table 2. Physico-chemical properties of experimental soils for cucumber cultivation in April 2001.
pH . Available Exchangeable Cation

f EC Organic matter ~ NO3-N CEC

Texture (1:5) g P:Os K Ca M
dSm’ gkg’ mg kg mgkg' 0 e 7] i — cmol” kg

L 6.67 1.02 554 66.8 1823 1.16 7.03 2.83 19.49
SL 6.84 1.25 194 96.1 1832 0.73 6.72 1.92 13.07
SL 5.85 1.44 379 119.0 1996 1.14 497 1.71 14.36
SL 6.71 2.58 18.6 164.0 1647 1.88 472 1.59 11.00
L 6.34 2.25 59.5 189.0 2000 1.60 8.10 3.13 20.83
SL 6.01 3.40 232 204.1 1243 1.03 6.25 1.77 12.59
SL 5.92 3.87 325 286.5 1380 1.27 6.53 2.00 20.10
SL 6.07 4.74 27.2 343.0 1324 1.20 6.43 1.99 12.25
! SL, sandy loam; L, loam.
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Table 3. Concentration range of available phosphorus extracted by different methods for 71 experimental soils taken from plastic

film house.
L. Water P Bray Bray Mehlich Mehlich
Statistics . . Lancaster Olsen
extraction sorption No. 1 No.2 1 3
mgkg'
Maximum 314 283 2000 834 2186 4278 2760 2916
Minimum 29 11 232 190 189 510 233 314
Mean 94 168 901 466 948 1843 1178 1210
SD 57 65 394 141 425 859 667 655
CV(%) 60 39 44 30 45 47 57 54
Table 4. Correlation coefficient (r) among extraction methods of available P:0s in soils. !
Water P Bray Bray Mehlich
Methods . . Lancaster Olsen
extraction sorption No. 1 No. 22 No. 1
P-sorption -0.732
Lancaster-P 0912 -0.770
Olsen-P 0.807 -0.473 0.849
Bray No.1 0.889 -0.797 0.947 0.825
Bray No.2 0.809 -0.582 0.867 0.865 0.892
Mehlich No. 1 0.825 -0.571 0.861 0.825 0.872 0.957
Mehlich No. 3 0.888 -0.651 0916 0.846 0.884 0912 0.922

"n=71; P0.05=0.232, P0.01=0.302.
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Fig. 1. Relationship among several extraction methods of available P with lancaster method.
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Table 5. Range of dry weight and phosphorus uptake by tomato plant and available phosphorus in soils extracted by different
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25

2494
360
1033

528
51
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P P Water
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mg plant”
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144
237
60
25

1043
223
537
185
34

1331
651
1016

211
20

1148
815
954
123
13

1738
385
833
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39

1516
556
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37
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905
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258 95
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34 11
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methods for 3 experiments.
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1700
892
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Statistics
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24.6
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Month
Year
15
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45
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121
200
48
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StDev
CV(%)

Max.
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StDev
CV(%)
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StDev
CV(%)
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Min.
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3250
1166
2217
822
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2494
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1236
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41
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1931

795
41
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147.7

86.6
106.7
139
13.0
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378
867
310
35
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1331
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596
336
56

147.7
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84.4
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Table 6. Correlation coefficient among dry weight and phosphorus uptake by tomato plant and available phosphorus extracted by

different methods. "

Experiment April, 1999 April, 2000 October, 2000 Total
year (n=18) (n=36) (n=21) (n=75)
P P P Rel. Rel.
Factor DW DW DW
uptake uptake uptake DW P-uptake
Water extract 0.445 0.493* 0.190 0.571%%* -0.245 0.640%* 0.121 0.643%#*
P-sorption -0.066 -0.176 -0.660%#* -0.681#** 0.401 -0.488* -0.376%* -0.582%#%
Lancaster 0.718%** 0.760%* 0.382% 0.692%#* -0.306 0.622%* 0.272% 0.691%**
Olsen-P 0.554* 0.659** 0.214 0.526%#* -0.255 0.665%#* 0.178 0.643%#*
Bray No. 1 0.620%* 0.624** 0.403 0.714%%* -0.326 0.592%%* 0.276* 0.647#**
Bray No. 2 0.746%#* 0.606** 0.287 0.607%#* -0.272 0.648** 0.248* 0.635%**
Mehlich 1 0.837%** 0.724%%% 0.349% 0.6477##* -0.216 0.682%#* 0.361%* 0.718***
Mehlich 3 0.784*** 0.685%* 0.290 0.605%#* -0.267 0.650** 0.245% 0.726%**
*, % and ***; Significant at P<0.05,0.01 and 0.001, respectively.
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Fig. 2. Relationship between relative amount of P uptake by
tomato plant applied with no fertilizer and Mehlich 3-P in soils
for all experiments.

Fig. 3. Relationship between relative amount of P uptake by
tomato plant applied with no fertilizer and Lancaster P in
soils for all experiments.
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Table 7. Range of dry weight and phosphorus uptake by cucumber plant and available phosphorus in soil extracted by different

methods.

P Wat B B Mehlich Mehlich

Statistics ~ Dry weight . et Lancaster Olsen Ty ry enhe e
uptake sorption extract-P No.1 No.2 1 3
g plant'1 mg plant'] mg kg']

Max. 104.8 314 314 116 2000 834 2186 3897 2760 2916
Min. 54.1 145 145 11 1243 503 1182 2061 1412 1824
Mean 85.7 207 207 56 1656 625 1659 2831 2059 2376
StDev 14.0 65.7 65.7 36.3 291.1 114.5 412.7 697.3 518.2 446.9
CV(%) 163 31.8 31.8 65.2 17.6 183 249 24.6 252 18.8

Table 8. Correlation coefficient among dry weight and phosphorus uptake by cucumber plant and available phosphorus extracted

by different methods. '

P Water Bray Bray Mehlich Mehlich
Factor . . Lancaster Olsen
sorption extraction No. 1 No. 2 1 3
Dry weight -0.340 0.338 0.198 0.338 0.246 0.286 0.181 0.160
P-uptake -0.398 0.591%* 0.301 0.624%* 0.374 0.513* 0.359 0.317

1 n=24; *, ** and ***; Significant at P<0.05 and 0.01, respectively.
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