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Characteristics of Water Distribution and Transport Depending
on Soil Evolution in the Different Forest Stands'*
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ABSTRACT

We investigated the patterns of soil horizon evolution and its water distribution on three different forest
stands covered with Larix leptolepis, Pinus koraiensis, and Qercus mongolica on the Experimental Forest
of Kyunghee University, located in Kwangju, Kyunggi-Do. Compared to the properties of depths of O
and A horizons evolved on the Pinus koraiensis stand, the depths of O and A horizons on the forest stands
of Larix leptolepis and Qercus mongolica were shallower, indicating that the soil horizon were deeply
influenced by geographical characteristics, its erosive and sedimentary distinction, vegetation cover and
its population density. And the bulk densities of the sites selected were lower in the high slope gradient
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than that in the lower slope gradient at the same depth of soil profile. Therefore, the changes of the soil
bulk densities were closely related to the soil organic matter and the vertical transport of soil particle
throughout soil depths. On the other hand, the bulk density and organic matter content in soil can influence
the water transport phenomena, resulting in decrease of the hydraulic conductivity as the increase in the
bulk density, while the organic matter can not affect the hydraulic conductivity on the soil surface layer.
For a rainfall infiltration characteristics from a lysimeter experiment established on the stand of Lawix
leptolepis, the bulk density and slope gradient strongly influenced the vertical transport of water, as well

as the lateral movement of rainfall.

Conclusively, the characteristics of water movement and distribution

in the forest stand can be determined not by the geographical factor such as slope gradient but also by

the bulk density and organic matter content remained in soils.

Key wovds : forest stand, soil evolution, water infiltration, lysimeter, leachate
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Table 1. Characteristics of three different forest stands investigated

Forest Stand

L. leptolepis

P. koraiensis Q. mongolica

Items
DBH (cm) 18.6 19.0 18.7
Basal area (m?) 13.8 21.6 12.6
No. of stems/ha 950 1,300 1.500
mm T
800 0
i
oo | R precipitation B
600 ¢ —— termp. 20
500 | 15
400 L 10
20 | 5
o l I I I o
100 5
0 ‘ - l . mw AmB l I ] I | e W | l l -10
§8:4888223533§828888238533%
1996 1997 1998

Fig. 1. Monthly precipitation and temperature on the sites from Sep. 1996 to Aug. 1998
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Table 2. Distances between the adjacent investigation points and slope gradients for three selected

sites from each stand

L. leptolepis

P. koratensis

Q. mongolica

Location No Remark
Distance(m) Slope( ") Distance(m) Slope( ") Distance(m) Slope( ")
1 35 5~10 65 15~18 15 7~9 Top
2 12 17~22 50 11~15 8 17~16
3 8 35~50 65 5~8 34 45~57
4 18 17~21 * * 22 34~42
5 23 8~12 * * 25 26~ 31
6 21 2~3 * * 40 17-25 Bottom
Sum 117 180 144
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Fig. 3. The variation of slope gradient on three
different forest stands
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Fig. 2. Diagram of lysimeter to investigate the water infiltration and distribution patterns on a plot
installed on the forest stand : Front View(Top). Profile View(Bottom)
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Fig. 4. Diagram of soil horizon investigated on
the three selected locations over the entire
slope of three different forest stands
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Table 3. Characteristics of bulk densities(BD), organic matter(OM), and soil texture(ST) throughout soil
profile above C horizon in the L. leptolepis stand

Depth(cm) 5 15 2% 35
Items n 2 3

Location No BD oM ST BD OoM ST }?D oM ST BD OM ST
1 1.13 31 SL 121 24 SL 1.24 1.7 SL - - -
2 .11 2.8 SL l1.21 2.1 SL - - - - - -
3 0.95 1.6 SL - - - - - - - - -
4 0.8 1.7 SL ~ - - - - - - - -
5 1.4 29 SL 121 2.1 SL 1.25 16 SL 125 1.3 SL
6 1.18 34 SL 1.2 23 SL 124 1.7 SL 1.2 1.4 SL

! BD(Bulk Density) : g/cm®

2 OM(Organic Matter) : dry mass verse dry mass of soil(%)

% ST(Soil Texture) : SL(Sandy Loam).
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Table 4. Characteristics of bulk densities(BD), organic matter(OM), and soil texture(ST) throughout
soil profile above C horizon in the . mongolica stand

Depth(cm)

5 15 ) 35 50

Items
Location No BD OM ST BD OM ST BD OM ST BD OM ST BD OM ST

1 1.14 29 SL 116 1.9 SL 121 21 SL - - - - - -
2 1.12 35 SL 1.2 18 SL - - - - - - - - -
3 0.8 1.6 SL - - - - - - - - - - - -
4 092 17 SL - - - - - - - - - - - -
5 1.16 3.2 SL 124 23 SL 1.2 19 SL 1.26 1.6 SL 1.28 1.4 SL
6 1.18 3.7 SL 1.24 2.2 SL 1.2 1.8 SL 127 1.5 SL 1.27 1.3 SL

Table 5. Characteristics of bulk densities(BD), organic matter(OM), and soil texture(ST) throughout
soil profile above C horizon in the P. koraiensis stand

W 5 15 % % 50 80

mimNOItm BD OM ST BD OM ST BD OM ST BD OM ST BD OM ST BD OM ST

1 1.18 3.6 SL 1.21 3.3 SL 1.23 2.2 SL 1.26 1.8 SL - - - - -
2 1.18 3.5 SL 1.2 3.2 SL 1.25 2.1 SL 1.26 1.7 SL 1.28 1.3 SL - - -
3 1.17 3.6 SL 1.20 3.4 SL 1.26 2.0 SL 1.28 1.9 SL 1.28 1.2 SL 1.29 0.8 SL

Aoz = Aoz dsivt (D'Hollander, 1979,  ohHgt A4 1 =& 2848 o] FH L B
Haverkamp$} Parlange, 1986; Edward 5, 1992). ¢ d%9 f71Ee] &g A4dha $4dwr}

7rzke] ol ®-o FA} R A4 0F5 AAHTT ¥ olzl ez A rk(Johnson, 1995 Hubbard
A xHe g e 5, 15, 25, 35, 50, 80cm Zel7k ¢ Lowrance, 1996).
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Fa 9lti(Table 3, 4, 5). 2e8lx BEAL A" AE 2ol i G55 B9 ¥ Ay &
A AdellM AE, vlab, 2o o] 2zt 4 F E35 WS we {78 £E 5Ao] A
~17.5%, 24~371.5%, 57~62%% Al &+ A& & 5 Aot 53], Gd53 %%3 i
Hlo} o AF BA=St Fotald gt AdA #71%
Al e 2AE dololMe] $HMEE = F 9 o] s, AR ESW /l*:_r/l ZH
1.3g/cm’® o138k o4 dAolu} HEQIRLe] o]F  HAL AEAAws Uhg dAS leE & F
2 A4 vehubx) gokeh. oli= ok 50% o1 slsltH(Swanson ¥, 1986).
o 2AQIA} FA s FF X v]Ee A ol21gt BAE Al B ISE|HERE
oz FAHch, deed g5 v A BAEn AR AHAHL I9E 8L A
AR 3% 4 e EF9] wdde] 10cm olWleld 13 6el4 242 5, 15, 35eme} Al o], %
HAE o] o] o)sle oldAE SHUE Al dE2 A 1eAE 5, 16eme] F Zel,
Erbsstgdeh, 28jm 24 AA 33 49 &4 23 A GellA= 5, 15, vem Al zelellA,
=& Ig/em® olst2 €} XA $4UENct @ b gES AA LA E 59 25cme] F %201,
A oe kg Bolw glid ol ol E A A 3 29 3 AAelAE A2 5, 25, 50cm Al
Erio]l 4] thrlel xZFHe Qo A5 wE vl Aol WIUHA HE AEE WYL R 3t 235
Sl o3 moklde] Eabzbgo] wg Wb FHEEE FAHY A= Table 63 .
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Table 6. Characteristics of saturated hydraulic conductivities on the undisturbed soil samples collected
from the different depths in three different forest stands

Location Depth BD OM Ksut
Forest Stand NO, (Cm) (g/CITlJ) (%) (cm/day) Remark
5 1.13 3.1 14.33
1 15 1.21 2.4 6.43
25 1.24 1.7 4.95
L. leptolepis
5 1.18 3.4 11.67
6 15 1.26 2.3 6.04
25 1.26 1.4 5.21
1 5 1.14 2.9 16.14
15 1.16 1.9 7.81
Q. mongolica 5 118 3.7 11.25 Ko was 4.69cm/day from
o m o am an g Dol
% La 1 3-89 1.2g/em® bulk density
1 5 1.18 3.6 3.
25 1.23 2.2 5.29
5 1.18 3.5 3.91
P. koraiensi 2 25 1.25 2.1 4.69
© ROTaIensIs 50 1.28 1.5 5.88
5 1.17 3.6 3.01
3 25 1.26 2.0 5.24
50 1.28 1.5 4.24
W el vebllar glis FElAEEE Gl S FollA] AFF-E e wel Fobste AFS
A& 2H 62 15em ZeldM AT A5E FA Roli glxlal X #F e FeljALEHr} FES
F /71 EE HdE AATE ESARE BoFEYy shytol sl RoFe FlARYS} 52 A

| £5MEE 1.2g/cm’2 348 F Feldrs
2 A3 mPpgEs Fulsh T o]
el wel sedERE ASHoR 7Hid
HEHog <4 #¢el 4.69cm/dayx =
spslglond o] wWel g EE o 1.33g/cm’E

FHAeE & F Ak, HAED F95
wel mepgeln feldmE: Holst Wi
dop FAPEER ok 3L welFw 9
o] 53] SemellA 15ecmiz Zel Aol whel e
Arx= Sem oo of 124 =% FH3 Asl
e A% RefFa Addvh, xR FYUAER
= Ao Ay-24E kiR Al ol gha
b A%e BelF sz ol T A A4

2

N m‘lm

‘
l

_8.

9] FEAER ZHa ¥]EHoE vf$ Je&s o
4 sl%th(Lee2} Reynolds, 1985).
A WA oA §a}E AZo B¥ Ags

Bolil ol Ay ¥ A S¥HEEs AR

& BojFa b, ol FHd 23 F71E
gt #¥ B4 Bkl 3mm olel xb7e]
’IJ.HH]%o] 4 A EokE 15% ol 5lE i}x]fﬁ—oi
A oA el vlge] kst e R

o dekg i AR FAgcl, wubd Az
o EA sl ‘rr7]<"—4 Eofiztel AE2 o)yl
FelH Tl F-= Aold os] oJ gL wHE Ao
2 FAHH AT 5, 1997a, b).

Fad g g AA 1, 2, 64 A xR A%
Ho gz el fem, 233 AFHe2EE 30cm
sl3-e] Al zolel lysimeter® A=A sk 19969
1049 5-¥] 1998 59717 8xtaloll A= Z7te] %
AR 7]zbH 2 Zbake) zZlolel A X ® lysimeterol]
ZAE Fgo 2 B FEEA 5SS 2l
gt A#iz Table 79 o}, AAlw7) & #AAH
29t B39 dido] viekgh XA loMe} £REE
£ AR 293 39 A A5 ¥
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Table 7. Properties of precipitation penetrated into soil layers on the plots established on the L. leptolepis
stand among the periods from Oct. 97 to May 98

. Soil Surface 5cm below 30cm below
Cumulative
Period rainfall 1 2 6 1 2 6 1 2 6
(mm)

Rainfall distribution(Volume Ratio %)

9. 9-96.10 76.1 85 98 53 15 1 42 <0.1 - 5
96.11-97. 4 161.3 87 9% 49 13 2 44 <0.1 - 7
97.5-97. 6 427.0 87 97 52 12 1 42 0.5 - 6
97.6-97. 7 336.5 80 98 61 16 T 34 2.5 - 5
97. 7-97. 8 212.0 89 97 5 9 T 37 1.8 - 9
97. 9-97.10 141.0 82 95 36 18 T 56 0.1 - 8
97.11-98. 2 303.3 74 97 33 25 T 61 0.2 - 6
98. 3-98. 5 235.5 86 96 45 22 T 53 1.2 - 10
Al 1,892.7 670 774 383 130 4 369 6.2 - 56
g 83.75 96.75 47.87 16.25 - 46.13 0.78 - 7.0
*T : Trace
EHE 48 A% 2ol wbd et AAA Y d 8

ol A A 64 FAF FHe 2 SRS

iﬁﬁ 43.22%, 5cm ZelellA °F 41.66%, 30cm FE34 A=t o 3 ¥ wF Axpest
olsle] el oF 6.88%°] A% olFH«= Aoy w2 Aoy A +RFA$I} ‘i%.‘_’ 2| ol
2AE et el J7 FREEEE 3 A AE f7lE0d 23 EIF fAHC viE hibs
go] Holx|i= 7|7l A HW o]atRe S0l EE FihEo] vehtE ARE mRelFgoy

ol E7HeE AYS vAFn 9o Bt 3 A5 AR dEY AS AARTE G 3y
FH = 6, 7900 224} 217 B A xEWNA L f Aol w BFSZRE] oF J0cmoll4] 55em
Alo] 7} e Aow FAEC), wepa ola] o] 7kRA| Al Az, BEe] @Eala o] o]ale] ol
3 pREA BAAL wix] 9ot A Edd 29 AHE BES B3 (LA S BRAFAG, 1
“ﬂ/] e, AEHY £44, AE29E FA4g gt shE RS A9 9 HEd o sy
+9o BEofyl FElire 1}017} Bkl S¥e]  abdellq AZe] ol <F 35cmellA 60cmel] ©]
%“ﬂl Fag ol AW o)} fr]Ee] HAY AZ 23 gley A7 2mm oAt zbze] HA B
2 B BHHo Fol weAERE H3AA B o A%HEE A glch. Ay 3L
oF] £H2) o137 o]Fo] Adg vlA Aoz F  {HE HAZH ASS el dE ddFent
Aok, B3 £ aapx]e] B4 13 wgkno F3 R B Eo £33 b Zolst of 2n) o)Ak
b wheke] fluxrl goda A" o2 A =g, aiefa] oje} el ZAlE
olelg A3} FAsle] B o AL} F& 2] YE0) BEA ] g} gl mEd FEo Eok
Aol e AP 57 AFo] A o %_’EQ} o] 5 BA-2 oJE9 I A= A HE
g vl w3 S sl e g 1 A , 5em ob#ll, 30cm o}efoll M= lysimeterE
F E2xr 22 R Hol AR E FHAF °l%3}°4 EZHEA AFF AA4E 10022 84 4]
of d3g vAz= How wokwch, weby oly A EWE oF 43.22%, Sem ZHeolollA oF 41.66%,
g EH S8 o)E5AL B 28t 7] 30cm o]Fe] Helz <F 6.88% 4 HER FAE
B, 579 %, BUYAl 59 olEAL AAMsE M= AEE Bk, oebd dedd g 9
gz A4 A 4 5 dAHELY o2 Fo e AARS BEE 23t & A
=, 1989). Aol 4 zAbE 799 B4 5A4S B o A
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