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Pedotransfer functions (PTFs) were developed for each soil horizon to estimate hydraulic characteristics of
mountainous forest soils in South Korea. Twenty one dominant soil series from 8 soil catenae such as
granite-originated catena and volcanic ash-originated catena were selected for the study; gravel contents of
selected soils were 10% or lower. Saturated conductivity (Ks) was measured for each horizon in situ. Particle
size distribution and organic matter content of each horizon were also determined. Based on correlation
analysis with total data set, sand separate showed positive relationship with Ks (1=0.24*) while clay separate
had negative relationship with Ks (r=-0.29*%*). The correlation coefficients of sand, clay, and organic matter
content with Ks increased to 0.41**, -0.67***, and 0.58***, respectively, using data from granite- or
gneiss-originated catena with exception of volcanic ash-originated catena and sedimentary rock-originated
catena. Determination coefficients of PTFs were 0.31 for A horizon, 0.25 for B, and 0.35 for C with all data set
while those were 0.74 for A, 0.48 for B, and 0.54 for C. Organic matter was a dominant factor affecting Ks in
A horizon but clay content was selected as the only factor influencing Ks in C horizon. It implies that PTFs
should be developed with understanding characteristics of parent materials and horizons. Developed PTFs for
granite- or gneiss-originated catena were following:

A horizon: Log (K; x 10”) = -0.031C + 0.3980M + 3.49

B horizon: Log (K; x 10) = -0.028C + 0.1410M + 4.05

C horizon: Log (K; x 107) = -0.072C + 4.66
where C is clay separate (%) and OM is organic matter content (g kg'l). The unit of Ks is cm sec™.
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Measured and estimated Log (K x 107) of mountainous forest soils in South Korea for (a) total soils and (b) soils from
catenae originated from granite and gneiss rocks.
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Introduction
R o)), A4, $7, AelE e o SR
A =3k A A di7]et SAF SAIE Sle Sash uiziAl

olc}. Bo] ololl ARG = ool B4 Eoe] 4
Z EAJolgtal 3, xS} 2] A EE (saturated hydraulic
conductivity, Ks), 323} 422]Z= = (unsaturated hydraulic
conductivity), e AELEE (hmlted infiltration rate),

A

EAA

E4<2T (percolation rate),
et Aol (il 1909, Xl Bol & %o
=S u AR ZANALE Z45A4 (sorptivity) 2] Fak

2 WAL e S} S0 YA 9
speA] gl marstd] ol gk Tl AFET o
OIEX‘UZE HEO] Ksof] £33t} (McKenzie et al., 2002).

EA (permeability) 9]

A AELEE 5o olFolA ¢ B WA AR #
A%t B RS AYSE F0T SH0w 4o

EoRLe JLHE=T| 9lo] ZQ3} A Fo |t} (McCuen, 1982;
Mishima and Singh, 2003), E4&E= EOF UoiA] E2
8] sotEl 2xoA FEo o8 Eol 2] e R o]
Fohe =5 oulshy 2 $919] Ksoll ZHgtT £
< A AFESEY Fpseof vis] ekl Zigos A
ES AAo] A Eo] R o= 015 h= 54 UEhiH
SejuEtoll A= v whgollA vl = o] 6TtA| =, USDA
o= wie L'olA 59 7DP741E TEgteE (AS
1992; NSSC, 2012). EoFo] S=g|EAJo] 9] A7y Zo]
T2 5P wjZo] HE= #AT = sk dA4s] 4
oJehH o9l At @] WAE Tl B9 FuE &
StE® A TS, Frg o8 Rs|E Tt
Qv AA EX| O 17%= S H A2, 65%=
sk Al og A 18%2 T U 7|ElE A
SA9, ' A2 5 el AR o] 9lo] 4
oJgto] At} (KOSIS, 2014), -2uvhef 529 Al
T2 ARk oA meto] F3tEo] HAjE 6“*?2 Z+2]
o, 3PSl B HupebolA Rt A ETF A A
EQF WA 9 of 3/40] szttt (ASI, 1992). ©] &]of=
%tﬂ Uk A EQRS SHite], A3Iek, E9F T thst A
ofl Al st lTk (AST, 1992), f-2uete] EofE 2010|7k
XI 3907/ Ee 2 Haggon 2011d EEEo] 271E9)
A, H AT B AR} fmdd A Foll ot
iz QQESke] Ao R 147]1F0] 7= o] 2014 &
A 4057102 BEREA Qo) (NAAS, 2014). ©] = 1017}
Fol Ao 2 Fxshs BEqfo|th. B it
291 33 kPai} 1,500 kPa EQkEAE 0|42 4R RHS
o Ak or BAsto] B ko] glt} (NIAST, 2000b).
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Bope] oSy HA2 ARl o] Po| Euis
Tgolme 2Rl Eo) oleg A9 mUel YA
X G7E I 5 B9k kA9l ‘:'E]EHEE S E
XS HARSHC} (Cambell, 1985; Cosby et al,, 1984, Saxton
et al,, 1986, Vereecken et al., 1990). o|&3t o] Al
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o o] 452 W sht Ei 1 o] Qo] hat A5
Ho ke BARSITL Atk ok Ralrt B thatel
SN2 Qe S HEES] A4l S vlA} EE W=
P Bl g A e Al

Materials and Methods

ZRE e
S B9F AF (soil catena)@ HAH|Lo A5 0] AA
st BEoF dRFold 715, A 5 AAYo] Blss)

A7 EUEO| MH o Aby EYE

Table 1. Selected soil series in mountainous forests from 9
dominant soil catenae in South Korea.

Soil Catena Series Propartion’
%
Schist and Songsan, Osan, Cheongsan, 379
Gniess Oesan
Granite Samgag, Yesan, Songjeong 22.7
Porphyry Mudeung 11.6
Gray Shale Daegu, Guisan 9.8
Rhyolite Masan, Haengsan 7.3
Limestone Gwarim, Mosan, Jangseong 3.0
Alpine Land Odae, Woljeong 2.9
Volcanic Jungmun, Tosan, Songdang 14
Ogcheon Daesan 1.3

Gneiss System

'Area of mountainous forest soils in the catena to area of
total mountainous forest soil in South Korea
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ig. 1. Relationships between saturated hy c conductivity (cm sec ) and particle types for total mountainous forest soils.
Fig. 1. Relationships be d hydrauli ductivity ( ') and particl for total i f il
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Table 2. Pearson comrelation coefficient between saturated hydraulic conductivity and particles at each horizon. Numbers in

parentheses are probability.
. Total soil series Major soil series'
Particle
Total A B C Total A B C
Sand 0.24 0.33 0.18 0.31 0.41 0.36 0.29 0.51
(0.028) (0.093) (0.314) (0.190) (0.003) (0.170) (0.225) (0.059)
Silt -0.12 -0.23 -0.18 -0.03 -0.03 0.04 0.15 -0.18
(0.267) (0.253) (0.302) (0.913) (0.836) (0.888) (0.536) (0.538)
Clay -0.29 -0.34 -0.08 -0.59 -0.67 -0.63 -0.63 -0.74
(0.009) (0.079) (0.660) (0.006) (<0.001) (0.008) (0.004) (0.003)
Organic matter -0.21 -0.33 -0.41 0.25 0.58 0.8 0.62 0.4
(0.056) (0.090) (0.017) (0.292) (<0.001)  (<0.001) (0.005) (0.161)

'"Major soil series are soils mainly originated from granite and gneiss rocks: soils in schist and granite catena, granite catena, porphyry

catena, rhyolite catena, and alpine land catena.
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Fig. 2. Relationships between saturated hydraulic conductivity and particle types for major mountainous forest soils mainly

originated from granite and gneiss rocks: soils in schist and gneiss catena, granite catena, porphyry catena, rhyolite catena, and
alpine land catena.
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Fig. 3. Comparison between measured and estimated Log(K, x 107) of mountainous forest soils in South Korea for (a) total soils
and (b) soils from catenae originated from granite and gneiss rocks. Ks is saturated hydraulic conductivity with a unit of cm sec”
and the pedotransfer function of Saxton et al. (1985) was used to estimate K.

50 g ke, 0I{ch, W9kon] RMSEL 1,083 LERTH (Table 3). 8749 2 7
nkek A ko] ghyate] BA5HS W AR A= 0.44
MEEQL 2|40 Eﬂé* PTFQI HME8d eyt 2 g9 57}8}3‘11:} AR ESS o g FreleS
AHIE KsE S9E "~ cm sec’! e} SFer W oHwiel A Bk teR Bk
(5.48 X 10° ~ cm sec' o H&= 01]*1 7V =2 ARASE YRS
(1.68 X 10°° "~ cm sec oA T3l HE ©]85te] PTFE 7Hdst Ay i
(1.63 X 10° - 2,53 X 10 ) 2.2 Jebgt} (Fig, 3). Saxton o] 32 X*Eﬂa'm] 7MY Qe = SHHSE A9E
A1 0] 83t Log(Ksx10) 2 FFH Ks FAHS A&k} on, thF o= [r|EgEo] A= lct (Table 4). CEoll
At Algst 2lo]2 UehyQlont sltel @ Hojel may M AESF] FY5H I o4 e SEHseE AYE
of 3HA5}o] BB W= AFEET) F=of WA A At A EQFE the R & ) e f7|E

ot AAEGS dez E48e o 24A= 0.00=2 o] Agrt mE 89 gk Yehflont shte W Akt
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Table 3. Determination coefficients (RZ) and root mean square error (RMSE) for estimated hydraulic conductivity by Saxton
model (Saxton et al., 1985) and by developed models using all data or data of each horizon.

o Total soil series Major soil series'
Model Statistics
All A B C All A B C
Saxton R’ 0.09 0.14 0.01 0.30 0.44 0.42 0.40 0.51
RMSE 1.08 0.91 1.27 1.00 0.77 0.67 0.74 0.86
Jung R’ 0.20 0.31 0.25 0.35 0.49 0.74 0.48 0.54
RMSE 0.91 0.75 0.91 0.94 0.71 0.45 0.63 0.82

'"Major soil series are soils mainly originated from granite and gneiss rocks: soils in schist and granite catena, granite catena,
porphyry catena, rhyolite catena, and alpine land catena.

Table 4. Regression equations with variables selected by stepwise processes for saturated hydraulic conductivity of each horizon.
Entry significance was a<0.15.

Catena Horizon Regression equation2
All All Log (Ks x 107) = -0.041C - 0.0770M + 4.77
A Log (Ks x 107) = -0.042C - 0.0790M + 5.10
B Log (Ks x 107) = -0.028C - 0.1010M + 4.66
C Log (Ks x 107) = -0.041C + 4.58
Major' All Log (Ks x 107) = -0.045C + 0.1400M + 4.23
A’ Log (Ks x 107) = -0.031C + 0.3980M + 3.49
B Log (Ks x 107) = -0.028C + 0.1410M + 4.05
C Log (Ks x 107) = -0.072C + 4.66

lMajor catenae include catenae mainly originated from granite and gneiss rocks: soils in schist and granite catena, granite catena,
porphyry catena, rhyolite catena, and alpine land catena.

’K, is the saturated hydraulic conductivity (cm sec']), C is clay separate (%), and OM is organic matter content (g kg']).

*Clay was the first selected variable except for A horizon in major catenae in which OM was selected first.
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Fig. 4. Comparison between measured and estimated Log(K; x 107) of mountainous forest soils in South Korea for (a) total soils
and (b) soils from catenae originated from granite and gneiss rocks. Ks is saturated hydraulic conductivity with a unit of cm sec”
and pedotransfer functions for each horizon were used to estimate K.
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st ont shtel 2 Hulel mx] Eoko g A AL gAroZ 39S u K= 2| sleka) A o] AL e}
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