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SUMMARY

A series of experiments was conducted to study the behavior of the phosphorus added
to the soils having the high phorphorus fixing capacity derived from volcanic ash in
Cheju Island. Soil samples were taken from different depths of 0—10, 10—30, and
30—b50cm in six citrus orchards where heavy application of phosphate fertilizer has been
practised. Various forms of phosphorus were determined and phosphorus adsorption
experiments were performed. The results obtained can be summarized as follows:

1. The content of inorganic phosphorus fractions determined by the method of Chang
and Jackson was: water soluble P<CAl-P<loccluded Fe-P<Fe-P<Ca-P<occluded Al-P.
The phosphorus combined with Al (Al-P+occluded Al-P) consisted of the largest
portion in the inorganic soil phosphorus, and Ca-P was found to be one of the main
components in the soil phosphorus.

2. Difference among the percent phosphorus in the fractions against total inorganic
phosphorus along the soil depth was insignificant.

3. Total phosphorus, Bray No. 1—P, and all the inorganic phosphorus fractions
decreased with the soil depth. The Bray No. 1—P was highly correlated with water
soluble P, total P, and Ca-P.

4. The P absorption coefficient was inversely correlated with the contents of clay,
Bray No. 1—P, and total phosphorus, while the coefficient was positively correlated with
organic carbon content.

5. The amount of phosphorus adsorbed at the equilibrium concentration at which each
50% of added phosphorus was distributed into both solid phase and liquid phase was
calculated using the Freundlich adsorption isotherm equation. The calculated value was
used as a parameter to compare the phosphorus fixing capacities among the soils.

6. The magnitude of the parameter was highly correlated with the P absorption
coefficient. However, the parameter was more sensitive in showing the difference in the

phosphorus fixing capacity than the P absorption coefficient.
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Table 1. Location of citrus orchard where

soil samplas were taken
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K% Aol B AezA ol Kk AFE gy Location Age of
oko h=% -
E J:l ﬂﬁ%@%ﬁl&%?&(mg on\s//IOOg)._ EHe + 1 Sanghyori, Seogwiup 8 years
aL AL ..
ol A 713 gz (fEt 354 4 364), %?gé + 2 Odongri,CheJu51 8
Wl A b wom (fEt 2083 Lk 2029) BRIRE 3 Namwonri, Namwonmyon 60
+39 A (fEk 2054 Ok 1832)& o] o 4 | Chungmunri,
0.2N HCl Wyl S5 {19 Lhs 59 Chungmunmyon |30
A4 B FBE, BBG, BBE Ao g4 O | Seosvir Seogwip %
0.0497, 0.0417, 0.0179% 24 BERIKGEN = G | Seohongri, Seogwiup %0
Table 2. Particle-size distribution and color of soils
Sand Silt )
Clay
Depth |2.00- mm| Color*
Soil P 1 0. 05mm 0. 05-0. 002/<0- 002mm i+ e
(cm) % Dry Wet
0—10 ] 29.3 46.8 23.9 - L |Dark Grayish Brown [Very Dark Brown
(10YR4/2) (10YR 2/2)
1 | 1030 25.5 49.9 24.5 L |Dark Brown Very Dark Gray
(10YR 3/3) (10YR 3/D
30—50 19.1 60.2 20.7 SIL = [Dark Grayish Brown (Vary Dark Gray
. (10YR 4/2) (10YR 3/1)
0—10 8.1 63.6 28.3 SICL [Brown to Dark Brown[Dark Brown
(10YR 4/3) (10YR '3/3)
2 | 10—30 6.1 63.5 30.4 SICL [Yellowish Brown Dark Brown
(10YR 5/6) (10YR 3/3)
30—50 6.9 64.8 28.3 SICL Brown to Dark BrownDark Brown
) (10YR 4/3) (10YR 3/3)
0—10 12.2 48.7 39.4 SICL Brown to Dark Brown{Very Dark Brown
(10YR 4/3) (10YR 2/2)
3 | 10—30 10.9 52.3 36.8 SICL Dark Yellowish Brown|Dark Brown
. ’ (10YR 4/4) (10YR 3/3)
30—50 9.0 55.3 35.7 SICL Brown to Dark Brown|Very, Dark Brown
‘ (10YR 4/3) (10YR 2/2)




0—10 17.5 60.9 21.6 SICL {Brown to Dark Brown|Very Dark Brown
o (10YR 4/3) (10YR 2/2)
4 10—30 15.0 73.1 11.9 SICL |Yellowish Brown Very Dark Grayish
(10YR 5/6) |Brown . (10Y 3/2)
30—50 15.4 64.5 20.1 | SICL [Dark Grayish: Brown
: (10YR 4/3)
0—10 36.3 44.4 19.3 Dark Grayish Brown [Very Dark Grayish
(2.5Y 4/2) Brown (2.5Y 3/2)
5 110—30 39.4 4.4 16.2 Olive Brown Very Dark Grayish
(2.5Y 4/4) Brown (2.5Y 3/2)
30—50 51.7 38.8 9.1S Light Olive Brown [Very Dark Grayish
(2.5Y 5/4) Brown (2.5Y 3/2)
0—10 14.0 64.0 22.0 SIL. |Dark Grayish Brown |Very Dark Grayish
(2.5Y 4/2) |Brown_ (2.5Y 3/2)
6 | 10—30 12.7 66.9 20.4 SIL  Olive Brown Very Dark Grayish
(2.5Y 4/4) Brown (2.5Y 3/2)
30—50 18.8 66.7 74.5 SIL.  |Olive Brown Dark Brown
: (2.5Y 4/4) (10YR 3/2)
* By Munsell color chart
Table 3. Chemical Properties of Soils
H Or- Exchangeable Base Base .
Depth b . | Total CEC " |\Active| Exch.
Soil P _(:2.5 gafélc N C/N |(me/ (me/100g) f::i%n o Al
g,
(em) | HO [ KCL| S| @9 1009)) Ca | Mg | K | Na ) | (%) lopm)
0—10 5.8 4.2/ 7.32 0.50] 14.6; 35.9. 6.50{ 0.51] 0.37| 0.20, 21.1] 4.8 25
1 10—20i 5.5 4.8 7.69 0.51| 15.1i 37.7 1.35 0.25 0.33] 0.14) 5.4 4.8 95
30—50 5.5/ 4.6, 6.76; 0.35 19.3| 40.3/ 0.88 0.14| 0.22| 0.11 3.3 4.8 63
0—10{ 6.8 5.1 2.53 0.27| 9.4/ 26.1 11.00! 6.75 0.80{ 0.22 7119 4.4 3
2 10—20| 5.5/ 4.3 2.25 0.23 9.8 21.0 2.25 1.85 0.49 0.13] 25.8 4.3 103
35—50 5.2 4.2 2.46! 0.23] 10.7| 22.6] 0.82 0.48; 0.63] 0.16f 9.2, 4.5 188
0—10| 6.5 5.5 3.96| 0.40| 9.9 31.7 13.25 5.00; 2.20; 0.31] 65.4 6.4 3
3 10—30! 6.3 5.1 3.69 0.39 10.0{ 32.0; 8.30{ 2.45 1.80( 0.18 39.7| 4.8 4
30—50, 6.4, 5.2/ 1.64f 0.18) 9.1 23.0 6.00 1.80| 1.60{ 0.19| 41.7 5.5 4
0—10 6.6 5.3 3.87, 0.42] 9.2 41.0| 16.25{ 2.36/ 2.55] 0.50, 52.8/ = 4.3 5
4 10—30; 7.0 6.0 3.63 0.41 8.9 36.2| 19.200 1.50| 2.45 0.49] 65.3] 4.5 3
30—50, 6.8 5.7 3.60, 0.42; 8.6/ 33.8 15.25| 1.00{ 1.60{ 0.20{ 53.4 4.2 3
010 7.1 6.3 3.72) 0.41 9.1 38.1 22.00 3.45 3.00] 0.39] 75.7] 4.4 3
5 20—30| 6.7 5.8 3.09 0.36 8.6 37.2 16.00 2.45 3.00 0.31 58.4] 4.4 3
30—50 6.0, 5.3 2.55! 0.26; 9.8/ 31.5/ 6.75 1.10] 1.50] 0.30| 30.6| 4.4 3
0—10} 5.7 4.8/ 6.15 0.67; 8.9 41.8 8.501 2.05 1.34) 0.47) 29.0) 4.6 13
6 10—20 5.5/ 4.6/ 5.28 .0.60 8.8 39.4] 4.00{ 0.95 1.10| 0.42| 16.4| 4.3 35
30—50, 5.3 4.5/ 3.92| 0.46] 8.5 28.3] 1.65/ 0.34| 0.59] 0.15 9.6/ 4.4 - 105
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Table 4. Amount of water-soluble, aluminium-, iron-, calctum-, occluded iron-, occluded
aluminium-, available- and total phosphorus in soils.

Soi Depth P Fraction (ppm) Total | Available
01 * Occluded p p
water s

(em) soluble P AP | Fe-P | Ca-P Al-P 1 Fe-P Sum (%) (ppm)
0-10 1.0 12.5| 25.5 46. 4 54.4 71.9] 211.7 0.16: 1.8
1 10-30 1.4 2.3 27.3 50.4] 141.9 36.2) 259.5 0.13 1.1
30~50 1.2 1.1 12.7 15.3 61.3 15.8  107.4 0.15 1.4
0-19 13.3 49.0, 161.0; 367.9] 566.4 102.0| 1,259.6 0.37, 72.8
2 10-30 1.3 92.3 68.7| 127.9) 218.9 65.1 574.2 0.17 15.2
30-50, 0.8 18.2 27.3 19.8  190.2 39.6; 259.9 0. 12, 3.0
0-10 1.0| 169.7t 219.9 272.0] 220.3 84.9| 967.8 0.18 22.8
3 10-30 1.0 30.8 32.8 11.3]  120.8 35.1 231.8 0.12 6.4
30-50 0.9 3.4 7.9 5.6 24.2 10.2 52.2 0.07 0.8
0-10,  14.9 76.4] 285.4 282.4] 686.4] 280.2| 1,626.1 0.61 47.0
4 10-30 4.1 455.6| 258.2{ 356.6{ 596.0/ 220.8| 1,891.3 0.47 44.6
30-50| 1.2 317.9 273.3] 249.20 340.0| 240.6| 1,422.2 0. 36 14.4
0-10 54.3) 244.8 115,50 639.8] 2,082.8 234.9 3,372.1 0.83 324.0
5 10-30 8.3 158.4 297.6| '560.0| 1,079.2 123.4] 226.9 0.57 96.0
30-50 2.4/ 134.4) 346.2| 186.8 588.8 169.8| 1,428.4 0.23 24.5
0-10 2.1} 116.20 161.0f 276.2| 1,396.0| 206.7| 2,158.2 0. 58| 54.8
6 10-30 1.4 125.0f 346.2 68.5 1,041.6, 178.2/ 1,760.9 0. 36, 8.5
30-50 1.4 14.8 10.3 35.6] 550.9 28.3 791.3 0.20 2.0

* NH, Cl-extractable P is termed as water soluble P after chang and Jackson ®
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Fig. 1 The percent water soluble P, Al-P, Fe-P,

Ca-P, occluded Fe-P and occluded AI-P
of total inorganic phosphorus in  the
Sanghyo seoil. The percentages (plotted
from top to bottom) are in the order:
Water soluble P, Al-P, Fe-P, Ca-P, occl-
uded Fe-P and occluded AI-P.
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Fig 2. The percent water soluble P, AIP, Fe-P,

— 995 —

Ca-P, occluded Fe-P, and occluded Al-P
of total inorganic phosphorus in the
Cheju soil. The percentages (plotted from
top to bottom) are in the order: Water
soluble P, Al-P, Fe-P, Ca-P, occluded
Fe-P, and occluded Al-P. .
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Fig. 3. The percent water soluble P, AI-P, Fe-
P, Ca-P, occluded Fe-P, and occluded
Al-P of total inorganic phosphorus in the
Namwon soil. The percentages (plotted
from top to bottom) are in . the order:
Water soluble P, Al-P, Fe-P, Ca-P, occl-
uded Fe-P, and' occluded Al-P,
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Fig. 5. The percent water soluble P, Al-P, Fe-P,
Ca-P, occluded Fe-P, and occluded AI-P
of total inorganic phosphorus in the
Seogwi soil. The percentages (plotted
from top tobottom) are in the order:
Water solble P, Al-P,Fe-P, Ca-P, occluded
Fe-P, and occluded AI-P.
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Fig. 4. The percent water soluble P, Al-P, Fe-
P, Ca-P, occluded Fe-P, and occluded
Al-P of total inorganic phosphorus in the
Chungmun soil. The percentages (plotted
from top to bottom) are in the order:
Water soluble P, Al-P, Fe-P, Ca-P, occl-
uded Fe-P, and occluded Al-P.
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Fig. 6. The percent water soluble P, Al-P, Fe-P,

Ca-P, occluded Fe-P, and occluded Al-P
of total inorganic phosphorus in  the
Seohong  soil. Thepercentages (plotted
from top to bottom) are inthe order:
Waters oluble P, Al-P, Fe-P, Ca-P, occl-
uded Fe-P, and occluded Al-P.
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Table 5. Correlation coefficients for relationships
between available P and total-, water soluble-,
aluminium-, or calcium P.

Water-

P Soluble
P .

fraction

Total
P

Al-P | Fe-P {Ca-P

k| w | O
r(n=18) ’ 0.83 i 0.96 } 0.37 ‘ 0.14 ‘ 0.81

** significant at 1% level.
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Fig. 8. Phosphorus adsorption data for the
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Fig. 9. Phosphorus adsorption data for the Cheju
soil, plotted according to Freundlich isotherm.
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Fig. 14 Phosphorus adsorption data for the Seogwl socil plotied
according to langmuir isotherm,

Table 6. Freundich constants, amount of P adsorbed at equilibrium concentretion for half the
added phosphorus to be adsorbed, and phosphate absorption coefficient for soils.

Amount of R
Depth C1/2* P absorption
Soil K 1/n }é ads(()ribed /at coefficient
(cm) ‘ (ppm) | g TEPE | (mgPy0s/1002)
) 0—10 0.8386 0.292 143 3.58 2543.0
Sanghyo 10—30 1.0101 0.295 124 3.10 2714.8
30—50 1.1354 0. 300 231 5.78 2840.8
0—10 0.2176 0. 286 20.7 0.518 1363.0
Cheju 10—30 0. 3406 0.289 39.6 0.990 1317.3
30—50 0. 5898 0.268 74.9 1.870 1809.9
0—10 0.2101 0. 409 36.7 0.918 1729.7
Namwon 10—30 0.3403 0.332 49.7 1.242 1758.8
30—50 - 0.6182 0.280 86.3 2.158 1764.1
0—10 0.1016 0.481 14.8 0.370 1626.6
Chungmun 10—30 0. 2658 0. 381 45.5 1.136 1855.7
10—50 0. 4098 0.363 97.5 2.438 2073.4
0—10 0.0536 0.543 5.29 0.132 1500.6
Seogwi 10—30 0.1811 0.421 30.9 0.772 1855.7
30—50 0. 8547 0.284 138 3.459 2348.3
0—10 0.2410 0.432 53.9 1.347 2121.5
Seohong - 1030 0.6312 0. 350 142.5 3.556 2417.0
30—50 l ‘ 0.8642 0.290 145.4 3.634 2657.6

* C+ : The eqvilibrium concentration for half the added Phosphorus to be adsorbed:

B
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Table 7. correlation coefficient for velationships
between p-absorption coefficient or amount of
P adsorbed at C+ and clay oranic carbon
available P or total pcontent.

Org. |Avail- | Total
Clay | carbon | able P \ P
P-absorption _ _
coefficient 0.41 | 0.72%% —0.41 | —0.35
aAdnslgFélgdoitg% —0.28 | 0.51* | —0.51% —0.59*

* Significunt at 5% level
** Gignificant at 1% level
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Appendix 1. Amounts of phosphorus adsorbed by Seogwi soil at different
initial ‘phosphorus concentration at 26°C.

i Amounts of P Adsorbed(mg p/g)
Depth  (om)}- — .
‘ Initial P Concentration (ppm)
: - 20 100 150 200
- 0—10 0.188 0.401 0.619 0:840 0.925:
1030 0.375 0. 806 1.018 1.293 1.425-
30—50 0. 401 1.196 2.140 2.868 3.096.
Appendix 2. A"mlount. of phospﬁdrus adsorbedby soils at different P’ concentrations.
Soil lgeptgn 25ppm’* 50ppm 100ppm 150ppm 200ppm
‘cm ;
o¥F oAk c y c y c y c y
0~10; 0.38 0.616| -2.63 1.185 20.25 1.994 52.0]  2.4500 74.0 3.150
1 10~30 - 0.20] . 0.620 1.60, 1.210, 14.00f 2.150 39.0 2.775 58.0] 3.550
30~50 0.17f 0.621 .0.73  1.232 10.38 2.241 30.0 3.000 .50.0] 3.750
0~10 8.33 0.417 9.50  0.51 67.50{ 0.813] -120.0[ 0.750! 159.5| 1.013
2 10~30 3.90| ~ 0.528| 18.63| 0.785 56.50, 1.088|. 98.0| 1.300| 137.0| 1.580
- 30~50] 0.95 0.602 8.25|  1.044f 44.75 1.382 73.00 1.92¢| 108.0| 2.300
0~10, 6.53] 0.462] 21.88 0.703 54.25 1.144 98.0 1.300| 135.0| 1.625
3| 10~30 -3.75 0.532| 15.82 0.805 50.63| 1.235 92.0/ 1.450| 128.0| 1.800
30~~50) 1.02] 0.599 7.000 1.075 33.75 1.657 72.00  1.950) 103.0; 2.425
0~10) 10.88 0.353, 31.75, 0.460, 69.25/ 0.769 113.0; 0.925) 149.0) 1.280
4 10~30 4. 85 0.504| 18.75 0.782] 53.75 = 1.157 90.0|  1.500{ 130.0; 1.750
30~50] 2.50/ 0.562( 10.50; 0.988 37.63] 1.560 74.0/ 1.900; 110.0| 2.250
0~10, 15.13) 0.247] 36.00 - 0.350 77.50 0.58 122.0]  0.700} 163.5) 0.913
5 1Q~3O 7.30, 0. 442 23.94 0.652 61.25 0.969; 101.0, 1.225| 137.0| 1.575
30~50, 0.42) 0.614 1.97] 1.201] 22.13] 1.947 47.00 2.575 682.5| 2.933
. 0~10 5.60] 0.485 15.75] 0.857] 49.50; 1.263 85.0] 1.625 ‘ 122.5| 1.938
6 10~30 1.00{ 0.600 5.07, 1.124f 25.75 1.856 50.0 2.500, 86.5 2.838
30~50 0.15( 0.622 0.84] 1.229] 10.00 2.250 30.0, 3.000] 54.0f 3.650 -

* initial concentration

** equilibrium concentration
#*% mg P adsorbed/g soil.

— fap



