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Nutrient Dynamics in the Throughfall, Stemflow and
Soil Solution of Korean Pine, Japanese Larch and
Hardwood Stands at Kwangju-Gun, Kyonggi-Do"*
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ABSTRACT

The objectives of this study were to examine the amount of nutrient input by throughfall and stemflow,
and the nutrient dynamics by throughfall, stemflow and soil solution among Pinus koraiensis, Larix
leptolepis and hardwood forests including oaks at Kwangju-Gun, Kyonggi-Do. A total amount of rainfall
during the study period was 1410.1lmm. Of the total rainfall, 85% was from throughfall at the L.
leptoleprs stand, 84.5% at the thinned P. koraiensis stand, 83.2% at the unthinned P. koraiensis stand
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and 81.2% at the hardwood stand, showing greater throughfall at the conifer stand than at the hardwood
stand. Stemflow showed 2.7% of rainfall at the hardwood stand, 1.3% at the unthinned P. koraiensis
stand, 1.2% at the thinned P. korasensis stand and 0.8% at the L. leptolepis stand, showing greater
stemflow at the hardwood stand than at the conifer stand. Ion concentration of stemflow was greater than
those of rainfall and throughfall. The conifer stand showed higher ion concentration than the hardwood
stand both for cation and anion. The ion concentrations of throughfall and stemflow were higher in the
descending order : NH,-N>K'>Ca? >Na'>Mg® for cations and SO;% >NOQO3;-N>CI” for anions. After
the precipitation passed through the canopy, K’ increased most at the hardwood stand, whereas NH,'-
N did most at the P. koraiensits and L. leptolepis stands. The ion concentration of soil solution was
higher in the descending order : Ca* >Mg? >Na' for cations and NOy-N>CI'>S0,% for anions. NHy'-
N and K’ seemed to be supplied primarily from atmospheric deposition while Ca®, Mg”and Na' from
weathering.

Key words : Pinus koraiensis, Larix leptolepis, hardwood stand, throughfall, stemflow, soil solution,

nutvient input, nutrient dynamics
M 2

A A A s A RA grd, a9, 24,
AEAHY] AEAgoz 87 FUHT FA
of f&o] Hizdl, ol AFAAHAY EAw
olelx o}, i IiAle} & AR EA B
S} e e A7 E, G - dAle 9
g ogEd Zo] f9lasyt Hi AESY E
g4, @Adzg Fe] fHEFadr R, ol
GREFE JAAH Y o]FE EFEe Eofy
I3t 4 e YURE o) FARAR 2
BERS, £0F, 2SS9} 2L Fo 23 o
g25#o] olFxel, olg} Zo] MHAY F
o L Jaed 47 U F8Y =70
Ao EF 5, 1997). & ovix)e] 554 o
2 AALE ol E5A Hu JdrE F5Y 5
RNEE e Zrlel Sejd R sy EEY
BE o)FA 7= 2utde] 98 % gof(Likenss}
Bormann, 1994).

Al A= el xhde] "atol o8 =", Ay
o} gtet Alfst EAAsl g FHog B
FeaA AE ol 43dA AH A Ha
o}, 99 AR 4 7)5S 4A 5
vk, olzalsl &34 A9} FERZFo] o
o2 Qg A4 Ee] Alrl=s.e (Johnson 5,
1982), =3 ArIslrl AAHEA @2 24EA
o] W&ol AMES, FF4 29, 4RIY 59
FAET Bk A o2 frige FA
£ 7}x9icH(Lindberg 5, 1982). olol gt oA
22 AEAQ Agdee "aAo] 4R},

A& ql Agde]e JlAY Bd5He) A
= 5, & A4 BASEH o] A=A
% TE WA B&AHQ o] fo] o]FoR A
& B}, o)y Ayl R&Ade o gEe ok
A ByFyez ) sudsed(Larsen,
1995) 2 @<te] 7|71 EAeH AL o)&s)
32 Fiste Aol

HT 2 F ZAEACE dFHEA Age) &
37Veel el flol ZA 2= glel. A4HA
gAe FHERLS EFF O)r] AslE U
o279} e JFS v, ANAY 44F
®H #ANA ol AdEHgezr Ty v E
AdcHAmezaga 5, 1997). oiF=2 Ar=l4
FAEE 4A7) AstAd §1, 299 J=tE
o4 el Aztste] A7 A AAAez
714l 477t o] Fo A 9]l2(Lindberg %,
1989; Likens®} Bormann, 1994), &4 $-avta}
A% AefAY EAed A oAt B s
o] Ao #47)% Frl Y ol AFdste o
TF7b olFelxz i(EAET ol4S, 1994;
49 5, 1996 ©)¥3E, 1997). °o)& AFAAE
=3 vlatdtd Sehviel A2 olA AR ox
7 2 e A f4A gz ot oy
EA #4e glolle AL gAY R o
doetmz A= Atgddelel A A AA
o] #3= A FH s A&H AR o
F71 dasjc},

o] AT EHE AE FFA| el shpF
g, dd4¥, 9-YS 22 dB7 £
945, £UAFE U SEFY 4L ez



BEHSELE 88O, 1999% 128

FHEHE, FUHF, BG4 HE GEFH
AL dofred 9loh,

.nlm ks

Nz ¥ Uy

1. HPCHAXA

dFdAA e AA A L vt FF
Akl ANE FFF =3 AAY AAY
#& FRA5H(T9%5ha)elcH (g 1), HEAL
= B9 3817 16"~38 19" 26", ¥4 127
16" 45" ~127° 16" 45" #ix3kx Uct.

AT 537 d4Y 7R E Y A¥7
H2gx 15.9C, 49T HAALXE 4.4TC, 4%
7 78] 1,300mmol® F8 £F& ANt
a3y, Ay, Addys AEs 95
Ad gy Aol AASHE AT
F Z2YAZ o]Fe)A Utk A7 dELS
FRuE, 2y 59 dd g4 dE,
QFAAY FdE ¥, dETFEIF AV o
A -‘?—7}11 dE & 409 JEE 3.
A FFF AFe 94 e HdE
F-Awe t}]i}. Al Aelat & odFoidAe] A

) R

2 1o

Aol & stz FgEd AFe e
Jk‘ﬂ Lﬂ \/\ Kwangju-Gun

2 Vo

..‘:...07‘ CA/’; i%

/ i‘“’%@

—— fA}\l"} v

* i:)'nki \m PQL-\\’} I ‘«{"7\ I/A‘

Seoul National University Forast (795ha) in placed alono Mi. Taewha

Fig 1. Map of the study area

Table 1. Stand characteristics of the study area
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Stand Age Mean DBH Mean height Tree density Basal area Crown coverage
composition (yrs.) (cm) (m) (trees/ha) (m?/ha) (%)
Hardwood 15-30 9.9 9.3 2,350 19.7 77.8
Pinus koraiensis 28 2.5 16.6 900 30.4 83.3
(thinned) ' ' ' ‘
Pinus koraiensis 2 17.7 14.4 1,400 35.3 91.0
(unthinned) ’ ) ' . .
Larix leptolepis 30 18.2 17.4 1,050 28.9 82.5

(thinned)
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Table 2. Monthly rainfall at the study area (May to September, 1998)

Month May June

July August September Sum

Rainfall (mm) 91.2 256.3

321.4

601.6 139.6 1410.1
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Table 3. Monthly distribution of rainfall, throughfall and stemflow at the study sites

P. koraiensis P. koraiensis .

Month RF (thinned) (unthinned) Hardwood L. leptolepis
TF SF TF SF TF SF TF SF

May y1.2 71.9 0.6 69.9 0.7 72.2 1.7 72.4 0.5
(100) (78.9) 0.7 (76.6) (0.8 (79.2) (1.8 (79.4) 0.5

June 25%6.3  210.0 2.3 206.4 2.8 204.1 5.6 213.3 1.3
100)  (82.00 (0.9 (80.5 (1.  (719.6) (2.2 83.2 (0.5

Jul 3214 210.3 3.6 2%6.3 3.9 262.2 8.4 270.9 2.2
Y 100  (&4.1)  1.1) 8.8 (1.2 6.6 (26 (4.3 0.7
August 601.6  527.4 9.6 524.5  10.0  502.2 2.0  53.3 6.0
(100) 87.7) 1.6 87.2) .7 (83.5) 3.3 (88.1) (1.0)

139.6  112.3 1.0 105.8 1.1 104.2 2.0 111.9 0.8
September 00y @80.4) (0.7 (5.8 (0.8 (4.7 (1.4 6D (0.6
Total 1410.1 1191.8 17.1 1172.8 18.5 1145.0 37.6 1198.7 10.8
1000 (4.5 (1.2 (83.2 (1.3) (@812 @7 (85.00 (0.8

Note : RF - Rainfall, TF- Throughfall, SF- Stemflow.
The numbers in parentheses denote percentage.
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Table 4. Average ion concentrations in the throughfall and stemflow at the study sites

Cr NOy SO&
(mg/L) (mg/L)

(mg/L)

Ca*
(mg/L)

Na’ NH; K Mg*
(mg/L) (mg/L) (mg/L) (mg/L)

Type

Month
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Note : P1 : P. koraiensistthinned), P2 : P. koraiensistunthinned), L : L. leptolepis

H : Hardwood, RF : Rainfall, TF : Throughfall, SF : Stemflow
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Table 5. Averge amount of ion input(g/m’/month) at the study sites

Type Na' NHy K Mg* Ca” Ccr NOy S04~
PITSF 0.17 0.61 0.26 0.02 0.10 0.41 0.74 1.17
P2TSF 0.19 0.56 0.31 0.03 0.20 0.35 0.72 0.92
LTSF 0.21 0.65 0.50 0.03 0.15 0.39 0.72 1.04
HTSF 0.19 0.47 0.38 0.04 0.16 0.29 0.5t 1.00

Note - PITSF : throughfall and stemflow in P. koraiensis(thinned)
P2TSF : throughfall and stemflow in P. koraiensistunthinned)
LTSF : throughfall and stemflow in L. leptolepis
HTSF : throughfall and stemflow in hardwood
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Fig. 2. The acidity of rainfall, throughfall and stemflow at the study sites
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Fig. 3. Changes in the ion concentrations of the throughfall and stemflow at the study sites
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Fig. 4. Acidity of soil solution collected at two different depths of the study sites
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Table 6. Average ion concentrations in the soil solution at two different soil depths of the study sites

T

+

+

it

CaZ +

C1-

NO;~

-

Na 7\

Month — Type  (0/1) (mg/l) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
P1-30 5.06 3.51 3.82 7.78 13.39 17.47 25.95 19.75

P1-50 13.56 3.14 1.15 6.10 4.64 13.42 24.04 13.04

P2-30 6.72 2.16 3.12 4.72 13.15 19.72 26.16 13.86

May P2—-50 6.09 2.77 2.56 7.92 16.82 23.19 28.76 14.29
L-30 10.10 5.01 3.61 6.96 7.66 18.68 20.71 10.76

L-50 4.09 3.16 1.50 5.26 12.55 8.51 23.01 7.59

H-30 6.56 3.17 4.45 5.4 11.31 11.25 24.95 11.34

H—-50 5.53 2.38 7.77 3.92 9.10 11.05 11.17 11.06

Pi1-30 8.85 2.16 1.68 4.64 16.74 14.55 25.25 12.38

P1-50 6.60 3.00 1.28 3.7 10.01 10.06 13.95 4.81

P2—-30 7.33 2.98 2.39 4.73 13.69 8.00 18.62 7.35

June P2—-50 8.35 2.90 1.21 4.82 12.32 11.09 21.48 7.58
L—-30 5.77 2.21 2.61 5.20 15.55 9.40 22.12 11.67

L—50 9.85 2.76 1.59 7.08 12.92 23.99 26.10 9.46

H-30 5.46 1.92 3.66 8.05 15.92 7.72 34.36 9.86

H-50 4.14 1.40 1.31 4.53 6.14 10.35 17.49 8.22

P1-30 3.68 1.18 0.81 2.00 9.82 4.87 24.54 6.46

P1-50 3.93 1.24 0.83 2.29 9.92 2.70 10.70 5.45

P2—-30 4.03 2.50 1.54 2.94 14.80 4.35 11.25 8.13

July P2—-50 2.69 1.61 1.49 2.52 11.26 4.25 9.30 6.74
L-30 3.37 1.35 0.99 2.71 9.58 3.96 14.03 9.27

L—-50 3.78 1.95 1.17 2.50 10.31 4.46 14.36 9.31

H-30 2.09 1.31 4.10 6.07 17.29 2.36 24.79 10.91

H-50 3.02 1.41 1.71 5.46 11.57 3.60 20.63 4.15

P1-30 3.36 1.70 1.27 2.81 9.67 2.32 17.86 10.61

P1-50 5.58 2.32 1.44 2.91 13.20 1.93 14.17 10.18

P2-30 2.93 1.24 1.71 1.01 7.43 2.99 10.58 7.56
August P2-50 2.09 0.97 1.70 1.85 5.96 1.72 13.18 10.56
L—-30 3.76 2.25 2.72 2.23 6.57 2.61 11.07 8.21

L-50 5.65 2.80 2.81 2.47 3.60 2.99 23.14 5.46

H-30 4.13 2.06 3.51 3.4 10.60 3.22 9.70 10.37

H-50 3.00 0.82 2.72 4.09 10.25 2.68 25.35 6.32

P1-30 3.74 1.79 1.26 2.50 10.44 3.19 18.96 10.13

P1-50 5.58 2.32 1.4 2.91 13.20 4.84 13.51 11.00

P2-30 2.93 1.4 1.71 1.01 7.43 1.92 5.8 5.77
September P2—-50 2.09 0.97 1.70 1.85 5.96 1.94 3.71 4.09
L-30 3.76 2.25 2.72 2.23 6.57 6.84 9.90 7.93

L-50 5.65 2.80 2.81 2.47 7.38 8.16 10.89 10.45

H-30 4.13 2.06 3.51 3.34 10.60 2.41 4.30 6.68

H-50 3.00 0.82 2.72 4.09 10.25 3.99 13.45 8.57

Note - PI1-30 : soil depth 30cm, PI-50 : soil depth 50cm in P. koraiensis(thinned)
P2-30 : soil depth 30cm, P2-50 : soil depth 50cm in P. koraiensistunthinned)

L-30 : soil depth 30cm, L-50 : soil depth 50cm in L. leptolepis
H-30 : soil depth 30cm, L-50 : soil depth 50cm in hardwood
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& ¢ 4 k. ol S NOsole] 7}
A Egkewsd CI, SOf 9 ¢oldet. B3] SO
ol 2L FREFNS SAHE £ dY f9
o] 1% EULNE BTET EYSY FEE
7B A debytcl, o] 2 28 SOFY AS o
712 HE #4e] F HUY e 2 4 el
=g SREFSY $UFU UGB FEdiE
NHy'o]-&3 NOso]2o] v]£slg o1} Eokdo]
A& NHy'el2o v]s] NOjel-&o] wo] =9ko
o, o]FA NOseol&°] ¥ #AL 7lExoz
NOj ¢l #%& ¥ ohJel urwul(NH) )7 &
JNE fdsEwA Abdeke]l AAraatso) o)
NOs 9 deis A8E Ao B (WTEA
B 5, 1992). &Y AHAl$-9) f-9d3 sl
Sole9 A%, NOy, SOFEe B F457
WA AEdA oz B43ld o ZAZRE o
o] &9 £9e A B AAS] i
o] 3 ck(Miegroet2} Cole, 1985). ©]2l¥F NOs,
SO ol&el Eokul Aol Eof AbASte) vl
= 4% NOsold &l & 3oy g
5& 5% A7l oJa AL wrs Ao & ot}

3 E

A7 2L AV BEAAA ST
Y, d95d, FHEE 959 BI4YL o
02 QET FREFS, VHE I FrS
d e MIEET FHERS, SR, s
e GREY S4L dopnid gles 1 2
& o3 2o},

YL ) BRE SVERSY £F
2 el A ugted), +BEoee A9,
G eelo] 85%, HE o] 84.5%, At
% sjego] 83.2%, B+Uol 81.2% 2 B+
duche A4l EA debge, 47059
A%, Bado) 2.7%, bE shelldo) 1.3%,

AvkF ZPH™e] 1.2%, dd$Yel 0.8%= @
dadol AdsHl vl A viebdoh, 3 gy
3 FdFe Fd4del MR woted ARy
Py, A s, fedsde o)),

9l FEHY Fele S BES fAME A
& Jvehdlon, ¥y g oy f9lake o4y
o] % 3.70g/m’/month&, 47} Y& F 7} 29}
a2 AR 78 Y 3.48g/m’/month, A} she)
8 3.27g/m’/month, ¥4+3 3.04g/m*/month
2] &elgirt.

738, TRERS, £71%9 pH A4, 4
57F 71 ko], k49 pHE EA 30cm
FHolA BE dEe] 4AE BPor), 50cmy
oAM= pHZE 6-TAlel 2 &7l ®Alo] 27}
el miz} AEsF Golxle A o),

&7t eSS EAY F PEHS) £
Fo Fx W3E Adsiygted, 8943 A
+ 7H ZA| F713 o] o] K'al ukd Ah}Rd
7} dei$gold NHy'ol-2o) 714 =4 Z7}3}
o] g} #efe) o} A7) & FAS
by},

A, BEHRSE, FAFW JF olLFEE
H Eoten] Q¥ E 37 o]l &
, ol BRI 4dy, suFry, &
FYhe ¢og, iy v)a PisY oy
A e, o9t el 8 Eoksy HF
< FEE g5l Adedne 29,
ol 2R Fxo vaAH, FHEI}Te 471

r\l
Ju
N
S
N

L Hf R e o

Ful ool NHf, K', Ca*, Na', Mg¥9
&2o2 ¥A deygon go]ee SO, NOy,
Crel €22 ¥4 vehgel, B4y ool

L’\:‘\g:

a”, Mg”, Na'®) €02 %7 vehty So
o , NOyol &¢] 7} &sken CI, SO
Yeistet. o] £ NHY, K'& 4353
23E]9] $9le] woren Ca¥, Mg”,
P Fsho] 97 9lo] Wi},

Y2 SHEFS, FUFY PF o)LEEE
7 B4 WA dBo) glee AT E
G5 HF o] & FEE SBEFL 27T o)
HlE) F7hE, AsEE & WolE By,

:‘OETSO
).

ﬂrj}T‘Ooﬂ,

qu U P

f

-

Z,
[

g ges

1. ZA733k. 1993, e #9-Ad &g 23
AAEY Ao 3G A, Heosta v}



10.

11.

12.

A R e R

. oldE, 1997, A EE

BEHENEE 834, 19994 12A

Alg9) =&, 34-36 pp.

- Ay, 1996, 7]
2924 AF AN F3 2ok 3
A 54 w3, g9z 85(1) : 84-95.

. A -0l 1988, 7= Rk Al

2R A FYAN SHEHFF 27
Fol Az, Aed A9 d5Y A7
T 24 39-50.

. OVET - e - Fed - Q4. 1997, A7)

= A A9y, 959 % B4
ol $REFS, £F 2 AR, @
31%t317) 86(2) : 200-207.

a3 glei
sAse) 224 g 4de BAH
AE715) AR Q7. SFUAA 86D :
56-68.

ABE - ol 4%, 199, Aol AT 4YA
WA AR 2 AR - A3
EFE $¥olE BHE FUOE - VFY
a3)7) 84(1) : 103-113.

. TR - ERE A - HBHESE. 1992, 2

OB A & 2 fImL 2R ERIZ BT D
B A 4> o@hme. HARES 74 0 185-193.

. IE - BIERE - BRA)IE—. 1993, ¥RE

BIEOBERNIC & 2 THOBE(LIEERJD
/X, A= IzONT, BIRE 75
321-330.

. Amezaga, 1., A. Gonzalez Arias, M. Domingo,

A. Echeandia and M. Onaindia. 1997. Atmo-
spheric deposition and canopy interactions for
conifer and deciduous forests in northem Spain.
Water, Air, Soil, Pollut. 97 : 303-313.
Baeumler, R. and W. Zech. 1998. Soil solution
chemistry and impact of forest thinning in
mountain forests in the Bavarian Alps. For.
Ecol. Manage. 108 : 231-238.

Baker, J., D. Hocking and M. Nyborg. 1977.
Acidity of open and intercepted precipitation
in forests and effects on forest soils in Alberta,
Canada. Water, Air, Soil, Pollut. 7 : 449-460.
Cappellato, R., Norman E.P, and Harvey
L.R. 1993. Acidic atmospheric deposition and
canopy interactions of adjacent deciduous and
coniferous forests in the Georgia Piedmont.
Can. J. For. Res. 23 :1114-1124.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

553

Cole, D.W. and M. Rapp. 1981. Elemental
cycling in forest ecosystems. Pages 341-409
in D.E. Reichle ed. Dynamic Properties of
Forest Ecosystems Cambridge Univ. Press,
Cambridge.

Cole, D.W. 1995. Soil nutrient supply in
natural and managed forests. Plant and Soil.
168-169 : 43-53.

Cronan, C.S. and W.A. Reiners. 1983. Canopy
processing of acidic precipitation by coniferous
and hardwood forests in New England.
Oecologia. 59 : 216-223.

Fernandez, 1.]J., G.B. Lawrence and Yowhan
Son. 1995. Soil-solution chemistry in a low-
elevation spruce-fir ecosystem, Howland,
Maine. Water, Air, Soil, Pollut. 84 : 129-145.
Helvey, J.D. and J.H. Patric. 1965. Canopy
and litter interception of rainfall by hardwoods
of eastern United States. Water Resour. Res.
1(1) : 193-206.

Hoffman, W.A., S.E. Lindberg and R. R.
Tumer. 1980. Precipitation acidity : the role
of the forest canopy in acid exchange. J.
Environ. Qual. 9 : 95-100.

Johnson, D.W., D.C. West, D.E. Todd and
L. K. Mann 1982. Effects of sawlog vs.
whole-tree harvesting on the nitrogen, phos-
phorus, potassium and calcium budgets of
an upland mixed oak forest. Soil Sci. Soc.
Am. J. 46 :1304-1309.

Killingbeck, K.T. and M.K. Wali. 1978.
Analysis of an North Dakota gallery forest,
nutrient, trace element and productivity re-
lations. Oikos 30 : 29-60.

Larsen, J.B. 1995. Ecological stability of forests
and sustainable silviculture, For. Ecol. Manage.
73 : 85-96.
Lawrence, G.B. and M.B. David. 199.
Chemical evaluation of soil solution in acid
forest soils. Soil Science. 161 : 298-313.
Likens G.E. and F. Herbert Bormann. 1994.
Biogeochemistry of a Forested Ecosystem.
Springer-Verlag.

Lindberg, S.E., R.C. Harriss and R.R.
Turner. 1982. Atmospheric deposition of metals



554

25.

26.

27.

WHGE RN 7 bR, B, MSEHCRCIAN MERAM, BER, Tk e

to forest vegetation. Science 215 : 1609-1611.
Lindberg, S.E., R.C. Harriss, W.A. Hoffman,
Jr., G.H. Lovett and R.R. Tumer. 1989.
Atmospheric chemistry, deposition and canopy
interactions. Pages 96-163 i# D.W. Johnson
and R.I. Van Hook, eds. Analysis of
Biogeochemical Cycling Processes in Walker
Branch Watershed. Springer-Verlag.

Lovett, G.M. and S.E. Lindberg. 1984. Dry
deposition and canopy exchange in a mixed
oak forest as determined by analysis of
throughfall. J. Appl. Ecol. 21 : 1013-1027.
Lovett, G.M., S.E. Lindberg, D.D. Richter
and D.W. Johnson. 1985. The effects of
acidic deposition on cation leaching from three
deciduous forest canopies. Can. J. For. Res.
15 : 1055-1060.

28.

30.

31.

Meredieu, C., D. Arrouays, M. Goulard and
D. Auclair. 1996. Short range soil variability
and its effect on red ocak growth(Quercus
Rubra L.}. Soil Science 161 : 29-38.

H.V. and D.W. Cole. 1985.
Acidification sources in red alder and Douglas
fir soils-importance of nitrification. Soil Sci.
Soc. Am. J. 49 : 1274-1279.

Miller, H.G. and J.D. Miller. 1980. Collection
and retention of atmospheric pollutants by
vegetation. Pages 33-40 /n D. Drablos and
A. Tollan, eds. Ecological Impact of Acid
Precipitation. SNSF Project, Oslo-As.
Parker, G.G. 1983. Throughfall and stemflow
in the forest nutrient cycle. Adv. Ecol. Res.
13 : 58-121.

Miegroet,



