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Continuous excessive application of phosphorus (P) fertilizer and manure in plastic film house soils can lead to
an accumulation of P in soils. The understanding of P sorption by soils is important for fertilizer management.
In this study, 9 samples were collected for acidic and calcareous soils as non-cultivated soil and plastic film
house soils as cultivated soil Phosphorus sorption data of acidic soils fit the Langmuir equations, Freundlich
equations in calcareous and plastic film house soils. In calcareous and plastic film house soils, the slope of
isotherm adsorption changed abruptly, which could be caused P precipitation with CaCQO;. The calculated
Langmuir adsorption maximum (Smax) varied from 217 to 1,250, 139 to 1,429, and 714 mg kg'1 foracidic soils,
calcareous soils, and plastic film house soils with low available phosphate concentration, respectively. From
this result, maximum P adsorption by the Langmuir equation could be regarded as threshold of P concentration
to induce the phosphate precipitation in soil. Phosphate-sorption values estimated from one-point isotherm for
acidic and calcareous soils as non-cultivated soils were comparable with the Sy.x values calculated from the
Langmuir isotherm.

Key words: Phosphorus, Maximum adsorption capacity, Soil characteristics

Langmuir and Freundlich isotherm adsorption parameters of acidic, calcareous, and plastic film house soils.

Langmuir Freundlich
Soils Soil no. Simax k Ky n
mg kg'1 L mg'I L kg'1
Non-cultivated soils
Soil 1 217 0.438 49 0.419
Acidic soils Soil 2 909 0.262 304 0.289
Soil 3 1,250 0.123 294 0.321
Soil 4 139 0.159 33 0.334
calcareous .
. Soil 5 769 0.048 168 0.277
soils
Soil 6 1,429 0.029 318 0.239
Cultivated soils
| al Soil 7 714 0.014 36 0.518
Plasti
astic 1.m Soil 8 i i i )
house soils
Soil 9 - - - -

Smax is P maximum sorption, k: a constant to the bonding energy, K4 and n are constants for a given adsorbate and adsorbent at
a particular temperature.
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Table 1. Physico-chemical properties of the experimental soils.
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Materials and Methods
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o}, v 2R Q] AV EQFS] pH 9= 4.4~4.50]1, HE
S 11~ 37% o]0, A3]9F EFO| pH 9= 8.0~
8.20]11, HETFS 4~ 46%0]3th. o] EFES] 2l S2F A
T2 qolo] ogre Hadlslr] 98] A7|AEE (022~
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. Sample pH EC OM Exch. cation
Soil e B _ Av, P,O T-P Cla CaCO
BPE o (5H0) @S mY) (e ke') w5 Ca K Mg Y ’
(1:5H0) (@dS m") (g kg') - 11 gl S — cmole kg' - %
Non-cultivated soils
Soi 11 44 0.22 6 8 180 0.1 0.06 0.1 11
Acidic soils  Soil 2 4.5 0.24 5 1 158 0.2 0.04 0.1 23
Soil 3 44 0.39 7 1 218 0.6 0.15 0.7 37
Soil 4 8.2 0.27 9 4 256 3.6 0.00 2.3 4 104
calcareous .
, Soil 5 8.1 0.26 10 16 200 15 0.26 2.3 22 1.1
soils
Soil 6 8.0 0.50 13 22 187 18.4 0.32 2.0 46 1.5
Cultivated soils
Soil 7 6.9 4.70 23 582 1,592 13.7 0.48 6.8 1.3
Plastic film .
. Soil 8 6.0 6.27 67 1,218 2,628 15.1 3.14 5.7 1.6
house soils
Soil 9 7.0 9.23 49 2,148 2,914 124 435 9.5 12
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Results and Discussion
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Table 2. Regression equation and determination coefficient (Rz) using two adsorption equations for acidic, calcareous, and plastic

film house soils.

Langmuir Freundlich
Soils Soil no. - - B T - - B
Regression equation R RMSE. Regression equation R RMSE.
Non-cultivated soils
d Soil 1 y=0.0046x+0.0105 0.998*** 0.006 y=0.4189x+3.8861 0.825%%* 1.051
Acidi
01.110 Soil 2 y=0.0013x+0.0001 0.994*** 0.001 y=0.1972x+5.8923 0.944*** 0.108
soils
Soil 3 y=0.0008x+0.0065 0.999*** 0.008 y=0.3209x+5.6824 0.913*** 0.157
| Soil 4 y=0.0072x+0.4545 0.984*** 0.039 y=0.3341x+3.4874 0.995%** 0.059
“ CaTOUS Soil 5 y=0.0015x+0.0144 0.982%** 0.011 y=0.2773x+5.1243 0.996*** 0.022
soils
Soil 6 y=0.0007x+0.0243 0.9827%+** 0.018 y=0.2387x+5.7616 0.989*** 0.051
Cultivated soils
Plastic Soil 7 y=0.0009x+0.129 0.858%** 0.009 y=0.573x+3.373 0.979%** 0.105
film house  Soil 8 y=0.0002x+0.354 0.877%%* 0.127 y=0.195x+6.3028 0.872%%*%* 0.087
soils Soil 9 y=-0.004x+14.519 0.576 5.077 y=3.285x-17.482 0.869** 0.822
ns : Non significance
* ¢ level of significance p<0.05
**  level of significance p<0.01
**% 1 level of significance p<0.001
" root mean square error.
400 Soil 4 , 2,500 Soil6
—+ -Experiment data ! 2,000 s
H.; 300 ——Langmuir /' E‘ /_/ -
- — —Freundlich 7’ 2 1,500 _—
E 200 / - 5 B ___,-;:G-"":E:-‘_
ST Pim e
£ P B E P
Z 100 ol 'f —e -Experiment data
/ 500 fr" —— Langmuir
I — —Freundlich
o 0 |
50 100 150 200 0 200 400 600 800
C,(mg L) C,(mgL")
2,800 Soil 7 . 4.000 Soil 8
_ 2000 l/, < 3,000 __d--,’"":
:n_‘. , .:': A - ¥
g 1500 . B E o000 J ;,’/——!—'_——
% . - ;; _\I —+ Experiment data
E h /.’.0{/ —# Experiment data j; 1000 7 II‘ T Langmur
500 P Sttt — Langmuir i — -Freundlich
o f — “Freundlich ° ®o et 2000 4,000 6,000
200 400 600 800 1,000 1,200 (1,000) C, (mg L'l)

C.(mgL1)

Fig. 1. Comparison of observed and predicted adsorptions using Langmuir and Freundlich isotherm equations. Soil 4 and Soil 6
are calcareous soils and Soil7 and Soil 8 are plastic film house soils.

= RIS,

o] 2] AJRUNA] ] CaC0sSt ¢1 Ao
o] lojut 2§} 3ol
2ol REE} 7] o] Hnk
Eofell 9] o JES Belshe Hlo

i
o G

o 2
rx

B

[e)

(*]
T

_O_o] o

& =
L o

2
Kl

AE 3 9]

o
<

2
Zr
N

ofN Mo g

=2 o
o

21'4
o

K &,QJQ

oZ

N

)

ol k2 9l Qe Telal] gla) &
o F2HS Langmuir 202 Fal%it, AME

= 71

19

—

S

oFol| A HEFFO] 1%, 23%, 31%= F7V8 ) Z+z} 217,
909, 1,250 mg kg 'O.2 Z715191, A13]9 Bl A AE
ol 4%, 22%, 46%= 5718 o] 242+ 139, 769, 1,429 mg
kg |02 Z71519Ih (Table 3), 0122 = & HE o]
Wolz|H Qlo] F&T 4= Qli= EF o] Wolx|7] ot
(Yan et al., 2013), A ES=F (22~ 23%) 0] G-ASE pHY| T
Ag Eokak Aok meFY] Q1 FlgARRS 242t 909, 769
mg kg ' O & AHJEFo] A3 EYRT} E9H=T], oA



Myung-Sook Kim, Seong-Jin Park, Chang-Hoon Lee, Sun-Gang Yun, Byong-Gu Ko, and Jae E. Yang

793

Table 3. Langmuir and Freundlich isotherm adsorption parameters of acidic and, calcareous, and plastic film house soils.

Langmuir Freundlich
Soils Soil no. Smax k Ka n
mg kg'I L mg'] L kg'I
Non-cultivated soils
Soil 1 217 0.438 49 0.419
Acidic .
soils Soil 2 909 0.262 304 0.289
Soil 3 1,250 0.123 294 0.321
| Soil 4 139 0.159 33 0.334
e :?f:us Soil 5 769 0.048 168 0277
i
Soil 6 1,429 0.029 318 0.239
Cultivated soils
Soil 7 714 0.014 36 0.518
Plastic film .
. Soil 8 - - - -
house soils
Soil 9 - - - -

Smax i P maximum sorption, k :
at a particular temperature.

H3|ok BRI BUT B2 2315 £ O 9} 21| 47
3}7] wj&o|t} (Parfitt, 1977; Rajan et al., 1974).

F oAl l2Fo| 582 mg P kg Q1 A| AR ] B 9 |
3, SAQIAL 3HeFo] 1,218
e 7 4
exe] =

22 714 mg P kg 0|
, 2,148 mg kg "¢l EoFo] ¢l Xt &2}
O| AL 7HE-EEH| 9} A 3| E o} e
do= Ca0039]r olo] At} N2 AAES &R oZ
gRteiar 243ty ojefeh wAY] SRSt Rl e &
¥l —E%ﬂr ﬂﬂt&—% Xﬂﬁl]ml 6‘HHi abinnds Eﬂ e

One-point S2Z&Z 0|28t ¢l X S FH
Langmuir 4] 2578 Q19| Hof F2hgs ¢ 49 Bt
Eeh= Q1 8N 7F gL BAo] Bt Algto] ol
Ael=wrdo] qlet, ol2fgt BAIE s dsh= e R <l F
N2 =4 v One—point 5252+ HHHo| AL&-E
4 i}, o] Agol|A] Eool| Folsh= ol M s 7}
20, 60, 100 mg L' W] EoFo] o Zxeku}l o] Eoko|

LangmuirA] © 2 273t ol v} S2Fgate] BAE A
Aut §940] & (R’ = 0.807~0.844) WA} A9
Sttt (Fig. 2). Zhou and Li (2001)9]] W=, one—point
Ao A 27]9] £YsH= ¢ §H =7} 400 mg LY

&=
l:l‘_l]—

a constant to the bonding energy, K¢ and n are constants for a given adsorbate and adsorbent

1,600

L J
1,200 4 b
:n‘ﬂ 800
g A soil 7
VJE 400
y =4.59x - 406.58
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L ]
o T T T
0 100 200 300 40(
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50
E 800 :
ot A Soil 7
=
E
w2
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R?=0.828"
[ ]
0
0 400 800 1,20
P sorption at the inital P 60 mg L! concentration (mgkg')
1,600
[ ]
1,200 L
T
A
a0
E 800 -
% A soil 7
E
@
400 y=1.28x+13.26
R*=0.807"""
o
0 400 800 1,200 1,60

P sorption at the initial P 100 mg L concentration (mg kg™')
Fig. 2. Relationships in soils of P sorption values of the
Langmuir Sy« to those of one-point sorption at the initial P
20, 60, 100 mg L™, respectively. ns : Non significance, *** :
level of significance p<0.001.
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