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SUMMARY

Silica sorption isotherm belonged to the C-type with weak L-type characteristics according to the classification
system of adsorption isotherm. Silica sorption isothem fitted well to the Freundlich and Tempkin equation but
not to the Langmuir equation. The color interference probably due to Fe?" during spectrometric silca determina-
tion by Molybdenum-blue method affected the sorption isotherm in reduced soils or low pH.

Four parameters such as the intercept of Freundlich equation, the slope of Tempkin equation, the “Silica
reactivity”, and the “C-type slope”, where the last two parameters were termed in the current study, were
examined to assess treatment effects on silica sorption. Among them the “C-type slope” was found out to be
the best parameter. The C-type isotherms showed the same high correlation coefficient as Freundlich and Temp-
kin equation when regressed to the sorption isothem. Plotting the C-type slope on a logarithmic scale vs. the
pH showed high linearity.

Using the “C-type slope” as a perameter, the pH and soil type affected the silica sorption while the effect
of redox condtion was not significant.

All Fe and Al extracted by the various reagents, and OM were highly correlated to silica sorption. Among
them Fe, was identified as the highest influencing soil property. Since there is no equivalent reliable method

to discriminate the forms of the soil Al-oxides their likely importance remains unclear.

INTRODUCTION

Sillica is beneficial for the development of rice
plants and may be considered as a nutrient ele-
ment to the plants from an agronomic view point,
though the physiological essentiality is not well
established. Silica has been reported to benefit
rice plants in maintaining erect leaves, improving
resistance to disease and insects, and in regula-
ting osmosis™.

The optimum silica level in top soil extracted
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by 1IN sodium acetate at pH 4 is 130 ppm as
Si0, for Korean soils®. About 90% of Korean
paddy soils are considered to be deficient in si-
lica, since they are low in clay content which is
the major source of available silica. Therefore, si-
lica is considered to be one of the most impor-
tant element for rice production in Korea.
Sorption-desorption reactions of sesquioxides and
clay minerals are faster in Si equilibrium than di-

3.4,19,24)

ssolution-precipitation phenomena Mckeague

24)

and Cline* reported that freshly precipitated hyd-
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roxides of polyvalent metal ions were more effec-
tive, some soil samples and iron oxide minerais
were moderately effective, and alkaline-earth car-
bonate minerals were ineffective in adsorbing dis-
solved silica.

Silica adsorption is pH dependent. Adsorption
increases to a maximum at pH 9.2 and decreases
with further pH increase®!”'*%

The silica chemistry in flooded soils is not well
understood. Silica is not involved in oxidation-re-
duction reaction but flooding influences its beha-
vior in paddy soils. Silica concentration tends to
increase in paddy soils after submergence due to
release of adsorbed and occluded silica in Fe(III)

oxyhydroxides® *?

. Flooding of soils not previously
flooded, however, results in a decrease in soluble
Si*. Yoon and Hwang®™ reported the increased
adsorption of Si by reduced soils with increase of
amorphous Fe oxide minerals.

The silica behavior in flooded soil is affected
by pH, kinds and amounts of clay minerals, and
their transformation in different conditions such as
Eh and electrolyte levels, and competitive reaction
with other ligands such as boron' and phospho-
rus®. Flooding may change these factors with
close interrelationship between each other®.
Therefore, seperate evaluation of the effects of

those factors on silica sorption is required.
Standard methods to estimate application effects

of various silicate materials has not been establi-
shed well due to the complexity of impurities and
their different reactions in submerged soils®. Re-
cently, new method to estimate available silica for
rice plant by incubating the soil with water for
one week and analyzing the silica content in soil
solution was proposed because extracting Si with
sodium acetate solution is not very reliable®”
More baseline studies on silica in submerged
soils are required to solve these problems. The
objectives of this study are (1) to determine the

effect of pH, redox condtion, and types of soil on

silica sorption and (2) to identify soil properties

that mainly control Si sorption.
MATERIALS AND METHODS

Soil samples

The soil samples at 0 to 20 cm depth of two
philippine soils and two Korean soils were used
in the study. The soils used were | Luisiana(Cla-
yey, halloysitic, isohyperthermic  Palehumult) ;
Maahas(Fine, mixed, isohyperthermic typic Tropu-
dalf) 5 Yongji(Fine-loamy, Aquic Fluventic Eutroc-
repts) : Mangyeong(Coarse —silty, Fluventic Hapla-
quepts). Selected chemical and physical properties
of these soils are shown in Table 1.

Standard methods were used to determine the
properties listed in Table 1, Clay percentage was
determined by the pipette method, organic carbon
by the method of Walkley and Black®, soil pH in
a 1.2 soil/water suspension, CEC by saturation

with pH 7 ammonium acetate and displacement of

Table 1. Selected chemical and physical properties of the soils used

in the experiments.

SOIL

Soil properties
Luisiana Maahas Yongji Mangyeong

clay clay loam silty loam
Clay contents( %) 73 68 26 10
CEC (me/100g) 21.1 443 9.78 715
pH (1:2) 4.5 6.6 49 5.6
Org. C (%) 2.66 1.53 143 0.65
Exch. Fe (me/100g)  0.05 0052 0072 0.052
Fep (%)™ 0.93 031 043 0.091
Fe,( % 1 1.12 0.72 0.59 0.26
Feq( %) 2.03 0.71 082 0.25
Exch. Al (me/100g) 1.5 0.022 0.61 0.056
Alp (%) 0.54 0.11 0.22 0.017
Al, (%) 0.62 0.21 0.26 0.067
Alyg (%) 0.50 0039 015 0.024

t Subscript p, o, and d denotes “pyrophosphate extractable”,
“acid oxalate extractable”. and “dithionite-citrate extractable”,

respectively.
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adsorbed ammonium with acidified NaCl”, excha-
ngeable Fe and Al by extraction with potassium
chloride, pyrophosphate extractable Fe and Al by
extraction with 0.1M sodium pyrophosphate at pH
10 for 16 hours™, oxalate extractable Fe and Al
by extraction with 0.2M ammonium oxalate/oxalic
acid solution at pH 3 by 4 hours shaking in the
darkness®™, Dithionite-citrate extractable Fe by ex-
traction with concentrated dithionite-citrate reagent

by 16 hours shaking at room temperature’.

Pretreatment of Soil Samples

The pretreatment of the soils was conducted to
get steady state conditions of oxidized and redu-
ced soils for further study as follows.

The 1.25 kg of soil samples were submerged in
0.0IM CaCl, solution at a soil-to-solution ratio of
1:2 in wide mouth 4 liter plastic containers. The
containers were tightly covered to air-proof with
No. 14 rubber stoppers and equipped with two
platinum electrodes and one glass tubes immersed
in the soil suspension as gas inlet and another
glass tube above the soil suspension as gas outlet.
A lcm diameter hole for pH determination and
sampling was also made on the rubber stopper
and covered tightly to air-proof with No. 1 rubber
stopper. The bulk soil suspensions were placed in
a water bath and kept at room temperature. For
one hour every 2 days upto 3 months the samp-
les were purged with CO,-free N, or O, gas. This
treatment ensured the steady state with constant
pH and Eh level. Before each gas purging pH
and Eh of soil suspension was determined after

mixing the suspension completely.

Sorption Study

After steady state was reached, five ml subsam-
ples were taken from the bulk soil suspension
using automatic pipette during stirring the bulk
soil suspension vigorously and purging N, or O,

gas. The samples were put into centrifuge tubes

containing 15 ml of triplicate series of SiO, solu-
tion (0, 20, 40, 80, 100, 120 mg SiOy/L) in 0.1M
NaCl. One ml of various predetermined concentra-
tions of NaOH or HCI solution were added to the
suspension to adjust the pH to 4 levels (pH 5, 6,
7, and 8). Oven dry weights of soils were also
determined. The centrifuge tubes were tightly
sealed with Suba-seal and purged with N, or O,
gas for 20 minutes to replace the air inside using
spinal needles with its tip immersed into the soil
suspensions. Thereafter the samples were shaken
for 4 hours in a 25C waterbath and centrifuged.
The supernatant was immediately analyzed for pH
and filtered with No. 42 Watmann filter paper.
The filtrate was analyzed for Si using the molyb-
denum-blue method®. The difference between the
Si concentration in the initial solution and super-
natant was considered as being sorbed by the soil

The Langmuir, Freundlich, and Tempkin equa-
tion were used to interpret the equilibrium sorp-

tion data. The linear form of Langmuir equation

where C is the equilibrium SiO, concentration, x/
m is the amount of SiO, sorbed per unit mass of
adsorbent, b is the St0O, sorption maximum, and k
is a constant related to the energy of adorption.

The Freundlich equation is

where k and b are coefficients. The fit of sorp-
tion data to Freundlich equation is determined by
the linearity of the plot of log x vs. log C. This
equation corresponds to a model of adsorption in
which the affinity term decreases exponentially as
the amount of adsorption increases'™.

The Tempkin equation is

X = Ky I (RkyC) meeeeemeemmemerme e (3)
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where k; and k, are coefficients. This equation
describes data best if adsorption plotted against
log concentration gives a straight line. The model
of adsorption is based on a linear decrease of the
affinity term as the amount of adsorption increa-
ses'®

The direct linear regression of sorption isothe-
rms was conducted to establish another parameter
for interpreting the sorption data. Following the
classification system of sorption isotherm'”, the
slope of the linear regerssion is named “C-type
slope” in this study

The “Silica reactivity” named in this study is a
modification of the “Index of Silica Reactivity”
proposed by Gallez et al!” was also determined
in the experiment. The “Silica reactivity” is defined
as the percentage of soluble silica lost from initial
100 ppm SiO, solution after equilibrium at a cer-

tain pH level.

pHo Measurement by Potentiometric Titration
Method

The methods of Gillman and Uehara'™ were
used. Seven m! samples of soil suspension were
taken during vigorous mixing of bulk soil suspen-
sion and put in 50 ml centrifuge bottles. The sa-
mples were washed with 20 ml 1M NaCl solution
by shaking and centrifuging to get the samples
free of exchangeable cations and anions and fur-
ther washed with distilled water until the electro-
lyte concentration reduced to a low value (Ex. 0.
002M). Then, 20 ml of 0.002M NaCl solution was
added to each of the centrifuge tubes. After ad-
ding one ml NaOH or HCI solution of varying
concentrations for the whole pH range the samp-
les were shaken overnight. The equilibrium pH
(pHogozw) were recorded. Then, after adding 0.5

ml of 2M NaCl and gently shaking for about 3
hours in an end-to-end reciprocating shaker, the

pH (pHypsm) was recorded. In each centrifuge tu-

bes ApH = (pHoesm— pHomen) was calculated and

OHpH vs. pHooom was plotted.

The pH, is the pHowem showing ApH = 0 by
extrapolating. The pH, is independent of salt co-
ncentration, and is the zero point of charge resul-

ting from the variable charge component.

Surface Charge Measurement By Cation and
Anion Exchange Methods

Positive and negative charges in soil were dete-
rmined measuring cation and anion retention ac-
cording to Schofield®' as described by van Raij
and Peech™’.

Seven ml of soil suspension subsamples were
taken during vigorous mixing of bulk soil suspen-
sion, placed in 50 ml centrifuge tubes, and satu-
rated with 20 ml 1M NaCl solution. The water
content of soil was determined. After being sha-
ken for 1 hour, centrifuged and decanted, the soil
suspensions were washed 3 times with 02 M
NaCl solution, and centrifuged 5 times with 0.1M
NaCl solution. After the washing treatment 20 ml
0.1 M NaCl and One ml NaOH or HCl solution
with varing concentrations were added and the
samples were shaken overnight. Each concentra-
tion was done in triplicate. After centrifuge the
pH of supernatant solution was recorded. Imme-
diately after discarding the supernatant solution
the centrifuge bottles were weighed to obtain cor-
rection for entrapped Na~ and Cl . Finally the
Na™ and Cl° were extracted 5 times with 20 ml
of 0.5M NHNO. solution. Na' was analyzed by
atomic adsorption spectrophotometer. Cl  was ana-
lyzed potentiometrically with a chloride ion speci-

fic electrode (Orion ionanalyzer Model 94— 17).

RESULTS AND DISCUSSION

Changes in Soil Chemical Properties Under Re-
duced and Oxidized Conditions
The pH of the aerobically incubated soils did

not change much form the original pH. Variation
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was at most 0.5 pH (Fig. 1). The pH of the in-
cubated soil under reduced condition increased
asymtotically to pH 6.9 in Maahas and Mangyeong
soils and pH 6.3 in Luisiana and Yongji soils. ma-
ngyeong soil reached the steady state after 20
days of incubation, Maahas and Yongji soils after
1 month, and Luisiana soil after two months.

The Eh of oxidized soil decreased during the
first 10 days and then increased continuously up
to 700 and 450 mV in Yongi and Mangyeong soil,
respectively. The Eh of Luisiana soil decreased
and reached a steady state at 350 mV whereas
Maahas soil maintained more or less same Eh le-
vel of 300 mV throughout the incubation period.

The Eh of reduced soils decreased asymtotically
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Fig 1. Kinetics of soil susp pH and Eb of various soilss during

incubation under oxidized condition

reaching a steady state after about 1 to 2 months
incubation depending on the soils (Fig. 2). The
Eh at steady state was around -180 mV in Yongj
and Mangyeong soil, -100 mV in Luisiana soil,
and 0 mV in Maahas soil.

The change of soil chemical properties of dried
soils after 3 months incubation under oxidized
and reduced conditon are shown in Table 2. The
available SiO, contents extracted by 1IN sodium
acetate buffer solution of pH 4 increased much in
reduced soils but remained unchanged in oxidized
soils. Maahas soil yielded more than 1,000 ppm,
which is much above the optimum level of 130
ppm®’.

Yoon and Hwang(1984) reported that the avai-
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Fig 2. Kinetics of soil suspension pH and Eh of various soils during

incubation under reduced condtion.
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Table 2. Changes of chemical properties of dried soils after incubation under oxidized and reduced condition.

SOTL. CHEMICAL PROPERTIES

INCUBATED
SOIL - CONDITION** pH  OM Fe, ™ Fe, Feg

( 1: 1) ................................. Gy e
Luisiana In. 45 58 093 112 203
Ox. 45 52 087 116 236
Red. 48 54 084 144 210
Maahas In. 66 27 031 072 071
Ox. 65 29 038 074 076
Red. 74 28 041 08 075
Yongji In. 49 26 043 0359 082
Ox. 45 25 038 056 08
Red. 48 23 043 062 091
Mangyeong In. 5.6 0.5 0091 026 0.25
Ox. 55 08 0089 028 027
Red. 63 05 0067 023 020

Alp AL, Alg Olsen  Avail Exchangeable
.............................. P Si0, Fe Al
...... ppn] me/loog eveann
0.54 0.62 0.50 5 219 0.05 15
0.41 0.63 0.52 5 262 0.16 0.53
.41 0.68 047 2 394 0.18 0.11
.11 0.21 0.039 9 1037 0.052 0.022
0.11 0.22 0046 11 1094 0.050 0.022
0.10 0.24 0.048 13 1106 0.056 0.016
0.22 0.26 0.15 3 131 0.072 061
0.20 0.24 0.15 3 124 0.072 0.44
0.21 0.27 0.17 2 221 0.14 0.19
0017 0067 0024 20 128 0.052 0.056
0.017  0.091 0026 22 134 0.057 0.037
0012 0073 0023 14 174 0.048 0.022

+ Subscript p, o, and d denotes “pyrophosphate extractable”, “acid oxalate extractable”, and” dithionite-citrate extractable”,

* *In. = Initial, Ox. = Oxidized condtion, Red. = Reduced condition.

lable silica in the submerged soil increased as pH
went up to neutral condition and Eh decreased.
Fe,

Feq, and acid oxalate extractable Fe, designated as

Dithionite-citrate extractable designated as
Fe, has been commonly used to estimate the co-
ntents of total free iron oxide and amorphous
iron oxide in the soil, respectively””. No specific
extraction method has been developed to discrimi-

nate Al oxides®’

. Thus the extracting reagents for
Fe oxide mineral have been commonly used for
extracting Al oxide mineral®”.

Fe, increased upon reduction in all soils but
did not change in the oxidized treatment except
in Mangyeong soil which showed low Fe, Quanti-
tative estimates of crystailine Fe in goethite and
hematite could be made form Fe.Fe["'.

During early stage of reduction Fe oxides pos-
sibly were dissolved*. Upon prolonged flooding
the Fe(I) compounds might be precipitated®”. In
flooded soils up to 83% of the Fe(I) occurs as

precipitates and only a small fraction were pre-

respectively.

sent as dissolved Fe?'®.Therefore, the increase of
Fe, in reduced soils seemed to be due to the
precipitation of non-crystalline Fe compounds, pos-
sibly Fe(Il) compounds.

Fe, was higher than Fe, in Luisiana and Yongji
soils, whereas they were similar in Maahas and
Mangyeong soils. Feg Fe, results form the prese-
nce of pedogenic crystalline iron oxide minerals
which do not dissolve in oxalate reagent when Ili-
ght is excluded, but dissolve in dithionite reagent
*’ Therefore, similar values of Fe, and Fe, imply
that amorphous Fe is the predominant oxide mi-
neral in those soils.

In all soils the Al, was greater than Al; In
Maahas soil which contained high allophanic mine-
rals, this was consistent with the observation that
oxalate might be more efficient in extracting Al
from allophane than dithionite-citrate, which usua-
lly dissolves only about 25% of the Al in allopha-

nes'”. These results confirm that forms of Al can’

t be clearly identified by these reagents.

— 116 —



Lee et al . Effects of pH & Redox Conditon on Silica Sorption in Soils

The surface charge characteristics at various pH
of the soils were shown in Fig. 3. The induced
adsorption of Na® and CI” on the soil surface
reflects the positive and negative charges of the
soils, respectively. All the soils showed predomi-
nant negative charge and only small positive cha-
rge. The negative charge increased with increasing
pH. The amount of negative charge at any pH le-
vel in various soils were proportional to the CEC
which is the negative charge determined at pH 7.
At pH 3 to 5 the negative charge decresed and
the positive charge increased in reduced soils rai-
sing slightly the zero point of net charge compa-

red with the oxidized soils. The increase in Fe,

due to reduction (Table 2) probably raised the
zero point of net charge by increasing the num-
ber of reaction sites. Amorphous Fe oxide has hi-
gher surface area and reaction sites than crystal-
line Fe oxide.

The zero point charge of the variable charge
component, designated as pH,, increased in redu-
ced soils by 0.7 and 1.0 pH unit in Luisiana and
Mangyeong soil, respectively (Fig. 4). Other soils
showed same tendency. Similar to the change of
zero point of net charge, probably the increase of

Fe, in reduced soils increased the pH,

Silica Sorption Study

Surface Surface
charge (me/100g) LUISIANA charge(me/100g) MAAHAS
50 80
—J O0x—Na* |
40F  -- O0x—CI” 7
L —O Red—Na' 60
30 ~-—@ Red—Cl™
20 4or
10
201
< .
o Bl = SN ST, S X E ¥
-5 1 1 2 L ) L t ' f 1 " 4 1 i 1 1 1 1 1 1 L 1 1
YONGJI MANGYEONG
28} 14F
24 /j 125
20F 10F
161 oA 8:
12} o[
sf /n/u i
4t 2 ‘ . o
- &g 0 ———fsif'N — Sl
0 - - =i - s PR |
—9 1 I 1 I r 1 1 Az 1 1 —2 1 1 1 1 1 1 1 1 l Lo L 1
2 4 6 8 10 12 1 3 5 7 9 11 13
pH pH

Fig 3. Surface charge characteristics at a range of pH in various soils i

bated under oxidized or reduced condtion. Ox- and Red- desingnate

oxidized and redued incubating condtion : -Na™ and -CI' designate absorbed Na~ and CI' by the soils.
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Fig 4. ApH at various seils incubated under oxidized and reduced condition.

~ApH=PHp,05M NaC1—PH0,002M NacCl

Silica sorption isotherms describing the relation-
ship between the amount of sorbed Si and its
bulk phase concentration at given temperature,
showed C-type isotherm having weak L-type acco-
rding to the classification system of Giles et al*
(Fig. 5). It has been reported that Si/goethite is
a type L, subclass “c” isotherm. The subclass
“c" classification implies that the sorption does
not approach a fixed value (Miller et al. 1984a).
A C-type adsorption is consistent with models
whereby the extent of adsorbing surface is inc-
into and is adsorbed within the adsorbent™. The
slope at each point of adsorption isotherm indica-

tes the ease with which the adsorptive species

can bind to the surface'’.

Silica sorption isotherm was well fitted to the
Freundlich and Tempkim equation but not to the
Langmuir equation (Fig. 6).

The determination of the Si sorption isotherm
curve may have been hampered by a color cha-
nge during spectrometric St determination using
molybdenum-blue method (Fig. 7). A blue green
color development instead of pure blue color was
observed. The color change was apparent in redu-
ced Maahas soil and in other reduced soils of
low pH level, pH 5. the lower the pH in Maahas
soll the more the color changed to blue green. It

has been reported that Fe®  interferes color de-
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velopment by premature reduction of the molyb-
dophosphoric acid when P is present*’. Sumida
and Ohyama® have reported that Fe’" under re-
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pH-dependent color inhibition occuring in spectrometric de-
termination of silica content in various soils incubated under
oxidized or reduced condition with molybdenum blue me-
thod.

duced condition interferes with color development
resulting in overestimation of the Si content. They
recommended the use of ion-exchange resin for
the removal of Fe*” before color development.
Because of the color interference the available
Si contents extracted at pH 4.0 with 1IN sodium
acetate buffer solution were always incorrectly hi-
gher in reduced than in oxidized soils (Table 2).
The available Si contents extracted with above
solution is used as a standard method for the
diagnosis of Si fertility of the soils in Korea and
Japan®'. However, the method has been criticized
because the measured Si content of soils applied

with Si fertilizer were poorly correlated to Si ab-
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*®  The application of this

sorbed by the plants
method to diagnose Si fertility in flooded rice
soils has to be reevaluated.

For the assessment of treatment effects the
most proper parmeter has to be chosen in the
frist step. For the purpose four parameters such
as the “Silica reactivity”, the intercept of Freund-
lich equation, the slope of Tempkin equation, and
the “C-type Slope” were examined to evaluate the
effects of pH, redox condition, and soil properties
on Si sorption.

The “Silica reactivity” termed in the present
study is the percentage of sorbed silica lost from
the initial solution. The coefficients of Freundlich
and Tempkin equation were used as parameters
because they well described the silica sorption
isotherm (Fig. 6). Based on the observation that
sorption isotherm showed a strong C-type (Fig.

5). The slope in simple regression of the sorption
isotherm is introduced as describing parameter.

Accordingly, this parameter will be called “C-type
slope” in this study. The coefficients of determi-
nation of the C-type slope in linear regression
analysis was similarly high as those of Freundlich
and Tempkin equations (Table 3).

The statistical analysis of treatment effects using
the “Silica reactivity” and the “C-type slope” cor-
responded well with the sorption isotherm. There
was no effect of redox condition on Si sorption
whereas the effect of pH and soil type was highly
significant (Table 4).

Using the “C-type slope” as a parameter, the
silica sorption increased with increase of pH (Ta-
ble 5). The soil types strongly affected the silica
sorption following the order Luisiana)Maahas= Yo-
ngjiyMangyeong (Table 6). The same results, not
seen in this paper, were obtained by using the
“Silica reactivity” as a parameter.

On the other hand the effect of redox condition
on silica sorption was overestimated by the inter-

cept of Freundlich equation and underestimated

Table 3. Comparison of coeffici of determinati g va-
rious isothermal equations.

TREATMENT ISOTHERMAL EQUATION*
Kinds Redox Freundlich Tempkin  C-type
of soil Condition

Luisiana Oxidized 0.963 0.984 0.973
Reduced 0.985 0.961 0.994
Maahas Oxidized 0.965 0.994 0.993
Reduced 0.878 0.951 0.952
Yongji Oxidized 0.983 0.976 0.975
Reduced 0.987 0.967 0.994
Mangyeong  Oxidized 0.902 0.936 0.921
Reduced 0.985 0.966 0.983
Average 0.956a "~ 0967 a 0973 a

* Freundlich= Freundlich isothermal equation (Eq. (2)) ; Te-
mpkin = Tempkin isothermal equation (Eq. [3)) ¢ C-type is
a direct linear regression to silica sorption isotherm.
“+ Numbers in a row with the same letter are not significantly
different by paired t-test,

by the slope of Tempkin equation, while the effe-
cts of pH and soil types was consistent with the
results obtained by the “Silica reactivity” and the
“C-type slope”.

The Freundlich equation is thought to be stric-
tly an empirical expression without chemical sigm-
ficance though it often highly correlates with ad-
sorption data obtained at constant temperature.
However, it is capable of rigorous theoretical de-
rivation of P sorption®’. The intercept of the
equation may be considered as a hypothetical in-
dices of P adsorbed from a solution having a unit
equilibrium concentration, and may thus be taken
to provide a measure of relative P sorption capa-
city of different soils”’. Meaningful comparisons of
different soils on this basis could be made®. On
the other hand, the slope of the equation is clea
rly a measure of P buffering capacity when it is
expressed in logarithmic terms™ The value of the

slope has been reported not to be affected by
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Table 4. F-value in the analysis of variance for four parameters Table 6. The effects of difference of soils on silica sorption deter-
to determine the effect of pH and redox condition on silica mined by using “C-type slope” as a parameter.
sorption.

C-TYPE SLOPE™
KINDS OF PARAMETER " KINDS
ST DF g e - Freundiich Tempkin OF SOILS 2’::1‘:: i‘*ﬂ‘;‘:::: Mean  Difference
reactivity slope intercept slope ' R
Luisiana 270.7 a’ 122.1 a 1964 a 148.67
Block 3 4410%* 6298%*  581%%  4818%" Maahas 465 b 955 b 710 —49.0%
Treatment 5 24.87™* 3200**  286™ 1452** Yongji 395 b 420 b 408 b g5
Redox () 1 Q1 a 3.82™ 985" * Mangyeong 6.7 ¢ 6.8 ¢ 68 ¢ -0.1%
pH (o) 2 6LI7** 79.82%* 446" 31.37%* e .
rXo 2 Q1 {1 {1 <1 Mean 90.8 66.6 78.7 24.2™
Error 15
Total 23 * C-type slope is the slope of linear regression to silica sorption

* Block was given to 4 kinds of soil in the present RCB analy-
sis 5 Redox treatment is oxidized and reduced condition
pH treatment has 3 levels, pH 6, 7 and 8 ¢ rXo=interac-
tion.

+ 7 Silica reactivity is a modification of ISR™’ : C-type slope

is the slope of linear regression of silica sorption iso-
therm ; Freundlich intercept is the intercept of Freund-
lich equation (Eq. 2) + Tempkin slope is the slope of Tem-
pkin equation (Eq. 3).

et C-type slope and Tempkin slope was analyzed after trans-

forming the data to logarithmic scale.

Table 5. The effects of pH and redox condition on silica sorption
by the soil determined by using the “C-type slope” as a

parameter.
C-TYPE SLOPE "
pH
LEVELS Oxidized Reduced Mean Difference
condition condition
6 130 "7 108 ¢ 119 ¢ 2.208
7 90.7 b 421 b 516 b 18.608
8 198.6 a 146.9 a 1728 a 51,718
Mean 90.8 66.63 78.74 24,205

+ C-type slope is the slope of linear regression to silica sorption

isotherm.

+ + Numbers in a column followed by the same letter are not
significantly different at the 5% level by DMRT.

NS = not significant.

time and temperature"

Tempkin equation enables to compare the rela-

isotherm.
~ T Numbers in a column followed by the same letter are not
significantly different at the 5% level by DMRT.

S == ot significant.

tive P adsorption capacity of various soils corres-
ponding to empirically observed equilibrium p co-
ncentration that lead to optimum growth of crop®
* The slope of the Tempkin equation can be a
measure of the P buffering capacity™ .

The failure in the correct evaluation of treat-
ment effects by the above two parameters seemed
to be caused by a horizontal shift of the sorption
isotherm curve to the right in reducced soils due
to color interference and weighting of the lower
values in the logarithmic scale included in both
equations.

The “Silica reactivity” is a modification of ISR
(Index of Silica Reactivity) Which has been pro-
posed by Gallez et al."' as an empirical parameter
to evaluate the surface properties of the soils.
The ISR is defined as the percentage of soluble
Si lost from the initial solution after 7 days equi-
libration at pH 9.2. The “Silica reactivity” in the
present study is the percentage of lost silica after
4 hours equilibrium without fixing pH level. This
parameter is purely an empirical description while
the other three have more or less physical mea-
ning.

The introduced “C-type slope” is a good para-
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Fig 8. pH-dependent “C-type slope” of various soils incubated un-

der oxidized or reduced dition. Data in circles are exclu-

ded in regressional analysis.

meter because the simple linear regression fits
the sorption isoterm as good as the Freundlich
and Tempkin equation (Table 3). Moreover, it is
not affected by the result of color interference
during measurement and by the sensitisity of lo-
garithmic scale. Because the result of color inter-
ference adversely affects the intercept but not the
slopes of the regression and the “C-type slope” is
obtained in normal scale unlike the intercept of
Freundlich equation and the slope of Tempkin
equation.

The “C-type slope” increased exponentially with
increase of pH, showing almost a linear regression
in semi-logarithmic scale when some data points

at low pH were excluded because of the possibi-

lities of wrong determination due to the color in-
terference (Fig. 8). This characteristics implys
that the “C-type slope” can be the useful tool for
the asnalysis of sorption isotherms. Further stu-
dies are required to group the soils using the
“C-type slope” for the more convenient use of
the parameter.

Among the soil physico-chemical properties all
forms of Fe and Al oxides and OM showed sig-
nificant correlation with the “C-type slope” and
the “Silica reactivity” at all pH levels. Among
them Fe, was most highly correlated to the “C-
type slope”. while OM was the case in the “Silica
reactivity” (Table 7).

Multiple linear regression was conducted to find
out the important factors influencing the Si sorp-
tion (Table 8). When the “C-type slope” was
used as a parameter, Fe; among soil physicoche-
mical properties was the only important factor in-
fluencing Si sorption at all pH levels. However,
when the “Silica reactivity” was used as a para-
meter, OM revealed the highest correlation with
silica sorption (Table 8).

Correlation analysis reveals that the “C-type
slope” is more superior than the “Silica reacti-
vity” to discriminate factors on Si sorption. The
“C-type slope” generally showed higher coefficie-
nts of determination than the “Silica reactivity”
(Table 7). The influencing soil properties deter-
mined by multiple regression analysis using “C-
type slope” did not change at different pH levels,
whereas those determined by the “Silica reacti-
vity" were not consistent. Moreover, the “Silica
reactivity” emphasized too much the contribution
of OM. According to the literatures Si sorption
relies much on the effect of sesquioxies but not the
direct effects of OM*™™ It has been reported
that the oxidic surfaces of Al and Fe oxides are
much more reactive than the silicate surface of
clay minerals*?"".

Upon prolonged submergence dissolved Fe(Il)
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Table 7. Correlation coefficient between the”C-type slope’and “Silica reactivity” and soil physicochemical properties at three pH levels.

C-type slope

SOIL pH levels
PROPERTIES ——
6 7
Fep (%)7 0.935* * 0.900™*
Fe, (%) 0.901** 0.802*
Feq (%) 0.973** 0.948**
Al, (%) 0.917** 0.874**
Al (%) 0.965* * 0.898™ *
Alg (%) 0.950* * 0.921**
oM (%) 0.939* * 0.875* *
Clay (%) 0.651 " 0.605 ™
CEC (meq/100g) 0.183 ™ 0.159 ™
Eh (mV) —0062 ™ 0.001 ™

Silica reactivity

pH levels
8 6 7 8

Correlatmn coefficients(r) ..................................................
0832* 0.932* 0.904** 0.828*
0.737* 0912** 0.885* 0.817*
0.860* * 0.920™ * 0.814** 0.712%*
0.759* 0.891* * 0.833** 0.758*
0.795* * 0.914* * 0.815** 0.722* *
0.800* 0.855™* * 0.707* * 0.598*
0.805* 0.961** 0910** 0.834*
0655 ™ 0.764 ™ 0.809 ™ 0.763 ™
0292 ™ 0.355 ™ 0.484 ™ 0.491 ™
0.003 " —0.020 ™ ~0218 ™ -0.206 ™

*+ Subscript p, 0, and d denotes “pyrophosphate extractable”, “acid oxalate extractable”, and “dithionite-citrate extractable”, respectively.

++  * = significant at the 5% level : % * = significant at the 1% level : ns

Table 8. Multiple linear regression of the “C-type slope” and the
“Silica reactivity” at three pH levels to soil chemical pro-

perties using stepwi thod with standardized variables.
R . Coefficient
egression
Parameters  pH levels . of determ-
Equation
ination
C-type 6 Y=0973* *Fey" 0947* *
slope 7 Y=2716%*Fe, 17877 Al, 0970 *
8 Y=0860* *Fe, 0.739* *
Silica 6 Y=0961%**OM 0923**
reactivity 7 Y=-2070%*Fe,” +294™ 0969™*
"Fe,
8 Y=0834**OM 0.696* *

 Subscript d and o denotes “acid oxalate extractable” and “dithio-
nitecitrate extractable”, respectively.

precipitates to Fe;(OH)#, to FeCO;™, and to Fe
(ID-Fe(IlI) hydroxycarbonates™. Such compounds
have a large surface area and are responsible for
increases in sorption capacities®. The surface area
of oxide minerals increases with decrease of crys-

tallinity*®

. Oxalate extractable iron (Fe,) increased
in reduced soil and slightly increased the zero

point of net charge as well as pH, in the current

not significant.

srudy(Table 2, Figs. 3 and 4).

When samples of ferric and aluminum oxides of
similar crystallinity are compared, the aluminum
oxides are more effective in sorbing Si than the
ferric oxides™. The scale of the Index of Silica
Reactivity follows the order kaolinite<{goethite{gi-
bbsite'".

Referring to the above findings, higher correla-
tion was expected for Si sorption to Al, and Al
than to Fe, and Fe;, and to Fe, rather than to
Fe, However, Fe, showed the highest correlation
coefficient. The multiple regression analysis revea-
led that only Fe, significantly affected silica sorp-
tion (Table 8) probably because Fe; dominates
the change of surface characteristics during the
transformation of cryatalline iron oxide minerals to
amorphous iron oxide minerals . Likely the impact
of Al-oxides did not become evident because Al-
oxides could not be properly determined and

quantified as being stated earlier.
i -3
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