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ABSTRACT

This study was conducted to investigate nutrient dynamics and water quantity of throughfall and
stemflow in natural oak stands in Korea. The ratio of the total throughfall and stemflow to the
amount of precipitation varied with locations. It was considered that the ratio was affected not only by
the characteristics of tree species but also by regional, weather and other environmental conditions. It
was, therefore, necessary to set up a water control system to launch a tending project for natural oak
stands. Comparisons of nutrient amount in throughfall among regions reflected regional characteristics.
Ca®*, Mg” and K' ions were leached from the canopy and yellow sand accumulation. Na* and CI
were marine-borne. NO;~ and SO,> resulted from dry deposition of air pollutants. Nutrient amount
in the stemflow was as low as about 10% of that in the total throughfall and stemflow. The pH of
stemflow in natural oak stands in urban areas ranged from 3 to 5. Influx of the acidic stemflow to soil
could, in the long term, affect pH in soil solution and nutrient dynamics around root zones.

Key words: Nutrient dynamics, Water quantity, Throughfall, Stemflow, Nature oak stands
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= eyl oA Aol ARIEER] FsE
o} AaASLES] wiEHe] F53] STkt lem
(Lee et al., 2005), o133 43¢ 2 2A7sHE0]
A A mRlE FPFe] FHET vk g,
Agolol e FEFEH B dve 9es] 24
& A7 SHoA it o} AR wislo)
w2 AEAEA Y] T3 &S st Fasitha &
T ATHEmmett et al., 1998).
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| BATTE ST (Quercus variabilis)?} 212
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2 A8 PR o} 5 AR wsE
AZ3}7] sl 7o ol s we -G HEH
T} Y] st 2 FESHE 7Y 55
o2 Fsi5ct.

IL X2 9 gk
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FARE RV SRR, TR A7), B
W) 383 SAIRE) X Fol EXshe Al 2
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2 st BRR9e) de s 234, 5
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o $Ashs T AAHE A dFsIen, =

Table 1. The characteristics of the Quercus stands

Fig. 1. Location map of the study sites.

ARG Ao ZE Mg il E3¥3lar e
o Hage g gaxE ARSI 2AR 93]
2 Qe 22} Fig. 1, Table 13+ 2t}

2.2, =AY _
Zk A Gef| lojA] Aol R 9F
FE] 400 mA(20mXx 20m)=L71e] WETE AX)

il

. Stand Stand Tree Average Basal Crown
Region Stand Dsomn.lant ' age density  height DBH area coverage
. ecies

" 00 (MNoha) () (em) @) (%)
1 Q. variabilis 44 1,050 18.9 183 33.0 95
Bukbu 2 Q. mongolica 50 650 26.8 26.9 39.0 95
3 Q. variabilis 49 825 18.1 21.4 33.6 95
1 Q. variabilis 34 525 17.7 16.6 12.2 90
Jungbu 2 Q. variabilis + Q. mongolica 31 1,425 18.7 12.1 20.5 70
3 Q. variabilis + Q. mongolica 33 1,475 18.3 13.7 24.6 70
1 Q variabilis 37 2,450 10.3 9.2 18.8 80
Nambu 2 Q. variabilis + Q. mongolica 36 3,175 12.7 9.0 235 90
3 Q. variabilis 38 2,900 14.3 10.2 26.6 85
1 Q. mongolica 46 775 14.0 16.2 253 95
Urban 2 Q. mongolica 46 900 15.3 14.7 18.1 90
3 Q. mongolica 52 1,050 143 134 18.4 90
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Stk FAIME ol SREDS, 717 YA
THE ARG SR AR, F7100 7}
The SRR, FUEPE D 5} FRAL] B
A\sloll BT, Tela SRARE 7} ke
Fud7 iSaAt B2 4, F, Sl Sgehs 9
& o S, 2RI ST )R]
o1 AN VNS 2XSAE 9918 9 SaE
$ AFAE 251 EFE &719 A4 200 mm
27 FHste] Azkslden, Ao 2
o & AA|ste] o]EAo] §7] WEZ Eo7HA] ¢
A sl 2 AR FEIEE FUAXY
Tl BAZ F pVC 3AF FeA 185L9) E)
28 g7l AFEEE Asg.

ZAF71ZEe BH(2000. 9-2002. 8), (2001, 3
~2002. 11), ©8(2002. 3~2003. 11), =A](2003. 3
~2004. 1NE A GellA] FH71E TR 2d7k0]
A Alge AR olel & AY7IE AlelEhaL 2
T o= A AT Alse FoE S
B} filter paper(Toyo Co. No. 5BYE 73t &
pH, %°l&-(Ca**, Mg®", K', Na" )@ £0]&(NO; ",
S04, C1Yel %8 233t pH 54L& pH
meter(Mettler-Toledo AG. CH-8603), %] F&E+
Atomic absorption spectro-photometer(Hitachi CO.,
Z-8230), 12]3l {0l Fx+ Ton chromatography

(SYKAM)E oI31ch. 2+ Ai<de] Q19j99) 5%
A9 % SR FEE 2qee 47 ARE B
F& olgdje] ol HUY FeFE AU

I 2z ¥ 0F

3.1. st ‘

7} ZARR] ER2 el tigh aEe-F vl
< HUY(Table 2), BFA|Ho] 82.5%(79.1~85.4%),
ZRZ o] 92.2%(88.6~92.9%), FH-Ao] 80.1%
(75.7~82.6%), 223 TAIX|O] 71.9%(57.0~85.5%)
2 veht SRA 0] gX|¢o) vzl B 3hE, &
ANAGL g} A G0 vlgped e gk VERTE A
7% BRG] e Aot 55 olF
© ATdel FREHeEF vEo] 722%(Lee ef
al., 1997), 81.2%(Park et al., 1999)Ark= A7-27}
o} dEo GEEHFEY FHFHTH &l
60~80%(Katagiri et al., 1977)9} Hlurspd B ¢1te]
Y- FHAGE ALt ol -wkl digk 3%
FH9eko] Hlgo] 72-83%F A2 BHISEr kS BT
7k ZARAY i $EA0] TR e JoM 5
DEA-Fe) vE-e ARG ST Qo] Al
2 Qo) Nk 4-6% ¥ 7S UehllE A
oj9jolie ThE Aol otA] PRIt Afole FlskA)

Table 2. Amounts of water in precipitation, throughfall and stemflow

Region  Stand Species Precipitation Throughfall Stemflow Period
(mm) (mm) (mm)
1 O. variabilis 1.831(83.0)*  78(3.5)
2 Q. mongolica 1,745 (79.1) 65(2.9) 2000. 9
Bukbu O. variabilis 2,206 1,884 (85.4) 79 (3.6) ~2002. 8
Average 1,820 (82.5) 74(3.4)
1 Q. variabilis 2,246 (92.9) 70(2.9)
Tuneb Q. variabilis + Q. mongolica 5 417 2,141 (88.6) 115 (4.8) 2001.3
ungen O. variabilis + Q. mongolica ’ 2,180 (90.2) 119(49)  ~2002. 11
Average 2,229 (92.2) 102 (4.2)
1 O. variabilis 3,053 (82.6)  396(8.3)
Q. variabilis + Q. mongolica 3,912 (81.8) 553 (11.6) 2002.3
Nambu 4 0. variabilis 4783 3,621(757)  507(10.6)  ~2003.11
Average 3,829 (80.1) 485 (10.1)
1 Q. mongolica 3,194 (83.5) 401 (10.7)
Urh 2 Q. mongolica 3734 2,130 (57.0) 350 (9.4) 2003.3
oa 0. mongolica : 2,726(73.0)  538(144)  ~2004.11
Average 2,683(71.9)  430(1L.5)

* : The numbers in parentheses denote percentage.
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&3drt.

FE3L, FYTEN YoM FRHEHTFH HlES
218 (Hancock and Crowther, 1979; Herwitz,
19850114 Braigize] s s, JdEUx, AUdA]
T, FAHHE T ETR R & G e
ol BuE Qo). webd B A Al go] A
A3, EE TAAGT oA FHEAEF g
Al & Zolg Hole AU A ghont, A=
Ao M YETEY, 2 A ARRIe] T
211 ZA Auig wh=tkal AZHE

Qe it FFF vleL 5RAY, 374
o, FEAY, T2l BAAGo] 2} 3.4%, 4.2%,
10.1%, 11.5% Z Jepfio], BR-A| 97} SH-A]Hel|A

2 S IRAGT BAAGAA 12 g vEb
t} o] #E A= FFAG YT FRE
H1-&2) 2.7%(Park e al, 199932} 3.9%(Lee et al,
1997)¢} Blashd, ER2| A7 FRA o= B3t
e B2l WhH G@RAGH SAA el X 3] o
9] Zk& Vel glon, A& oir] GaBET
2) 7k 6-18%0l BludPA vlsssEAY o e 3k
< Jepia UickInove er al, 1993). ZF ZAA|
h)) 71 3R] Jold] oAE BRAH4
- Qo] AT il viste, FE-AS
RA Yo E SFEYTFIZE Qo] ST
Gl Hlgle o7t T2 ks UERI o)9f 2
Avhs YRS ke 5] 5408 Asl] of

Table 3. Annual nutrient concentrations of dissolved elements in precipitation (Pr), throughfall (Th) and stemflow (St)

Region Stand Species pH Ca& Mg K' Na* NOy SO& CI
(Period) (me/L)

Pr 601 0.028 0008 0004 0009 0.093 0.137 0.058

Th 1 Q. variabilis 6.12 0074 0015 0024 0027 0219 0207 0.074

2 Q. mongolica 627 0.067 0022 0025 0024 0.112 0236 0.087

B(‘f;")“ 3 Q. variabilis 595 0068 0016 0028 0022 0.8 0.199 0.085

St 1 Q. variabilis 463a 0.127 0037 0042 0037 1.121 0842 0.199

2 Q mongolica 541b 0.110 0054 0048 0035 079 0784 0237

3 Q variabilis 483 0086 0023 0021 0030 0654 0418 0.177

Pr 6.66 0037 0008 0007 0011 0044 0129 0.053

Th 1 Q. variabilis 623 0086 0019 0047 0027 0.107 0198 0.126

2 Q. variabilis+ Q. mongolica 585 0.093 0024 0036 0026 0.158 0277 0.112

J‘(“l‘sgf)’“ 3 Q. variabilis+ Q. mongolica 604 0086 0.021 0054 0026 0.121 0237 0.150

St 1 Q. variabilis 529  0.095 0.059% 0.041 0029 0452 0483 0.220

2 Q variabilis+ Q. mongolica 521 0.096 0.046ab 0.045 0.027b 0452 0447 0.205

3 Q. variabilis + Q. mongolica 535 0092 0.018 0.023 0.028ab 0.385 0.376 0.182

Pr 6.07 0.049 0002 0002 0011 0028 0070 0.033

Th 1 Q. variabilis 6.14 0133 0006 0012 0025 0035 0083 0.056

2 Q. variabilis + Q. mongolica 621 0.133 0.006 0013 0024 0.036 0.085 0.044

I‘I(ai‘;‘t';“ 3 Q. variabilis 636 0.135 0007 0016 0.025 0039 0.103 0.052

St 1 Q. variabilis 621 0.137 0008 0014 0028 0064 0.106 0.077

2 Q. variabilis+ Q. mongolica 607 0135 0.007 0014 0025 0059 0.105 0.060

3 Q. variabilis 592 0135 0006 0011 0026 0039 0075 0.044

Pr 0. mongolica 620 0.134 0009 0062 0031 0085 0095 0.035

Th 1 Q. mongolica 525 0394 0029 0195 0113 0254 0.146 0.059

2 Q. mongolica 515 0398 0027 0216 0115 0337 0.194 0.083

Iﬁts’?)n 3 Q. mongolica 503 0388 0027 0168 0.118 0299 0.154 0.055

St 1 Q mongolica 497 0.146 0016 0247 0.032 0303 0346 0.072

2 Q. mongolica 532 0149 0.021 0238 0033 0481 0361 0.131

3 Q. mongolica 520 0139 0019 0215 0033 0275 0255 0.067

Values with the different small letter demonstrate significant differences among stands at the p=0.05 level
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Fig. 2. Relationship between precipitation pH and throughfall pH.
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Table 4. Annual mean nutrient amounts(kg/ha) in precipitation, throughfall and stemflow

Region Ca?* Mg K* NOj SO cr
(Period) (kg/ha)

Precipitation 0.40 0.172 0201 2.43 2.05 0.59

B(‘;tg“ Throughfall 1.02 0372 1.116 267 235 0.83

Stemflow 0.04 0.041 0.093 0.43 027 0.07

Precipitation 0.87 0.252 0.525 2.94 1.19 0.50

%ﬁ)‘l Throughfall 1.93 0.510 2.076 3.78 2.49 0.84

Stemflow 0.07 0.031 0.111 0.26 021 0.06

Precipitation 0.42 0.037 0.284 1.23 227 0.87

J‘z‘fsgt')’u Throughfall 1.30 0.112 1.794 3.87 327 1.22

Stemflow 0.04 0.008 0.096 0.22 021 0.08

. Precipitation 0.94 0.043 0.264 1.46 1.86 0.63

Jz‘;fd)“ Throughfall 2.73 0.146 1.810 482 2.84 0.98

Stemflow 0.14 0.012 0.183 0.18 021 0.06

b Precipitation 1.93 0.033 0915 1.40 2.92 2.00

N("II;)“ Throughfall 426 0.064 4371 1.35 251 1.68

Stemflow 0.51 0.012 0.605 0.26 0.46 034

Namb Precipitation 1.75 0217 0.467 1.66 3.89 1.55

é‘&)“ Throughfall 442 0.206 2.447 1.91 3.53 142

Stemflow 0.65 0.030 0.405 0.60 0.52 0.25

Uth Precipitation 2.08 0.152 0.781 222 3.90 0.91

(is?)n Throughfall 4.94 0415 1.807 3.51 3.85 1.10

© Stemflow 0.41 0.026 0.467 0.58 1.23 0.24

Uth Precipitation 224 0.131 0.920 1.68 4.00 1.22

(;ng;l Throughfall 420 0.281 1.911 2.99 559 134

Stemflow 0.12 0.016 0.551 0.82 1.62 0.42

Z 79N Parker, 1990y= 2, $HOZRE] Sgho]

Aol] wz} Aol glont, dele-l Hisly] saFas-

kst A1EA 719 Y718k =(Sanada et al,
1991) PEAL=AT 795, A% 59 7V
o 71918 A} 2SHE, FEENI9} 2R
$EUL BEE BE AN Y95 Fro] A
Hsle} Ae] vt AES W, pHO Zo] Al
o] FE B Qlha AZpEnh e Aol 2
APt W} e HFE HeEE 53] B Ao
Hlgt] AR ol X 12Pd RN, FRA|Ho =
2APAERlM 11 F7} o] FElsiit.

323, guies] Az 3T FE YT

FHEAT= Yolfoll viste] FRAHAx ] Fo
=& ALJslans tiF-Ee] FHE FUFe] FRIE
tl, §3] golellx K, Ca®* B MgV}, 201204
NO; 7} HlA 5-2it 48RS HSJrk(Table 4). A

2] K'ollA 4, Ca?, Mg® 2 Na'ol|A 2~34jj<]
S VERNQICE T3 Hest vl o] Jejernh
ZRe S HRl HRAIGY] Folds Adslale CI
oA 1.1~1.780, SOZ oA 1.1~1.68], Z1&lal NO; ol
A 11~3389) gke JERILh ols} o, K*, Ca®'
9 Mg?e= H'9}] o] 2mel] o3 FAZRE ] &
go] ZA Z83tlaL ALEE THWood and Bormann,
1975). 9299} $HF 9] ol F Ca¥'T G-
A Q7 ZAIR A, M= EFA| G EA|A] G0
A, K¢} Na'e FHEAYGAA, 283 ol F
NO; = EAI9} F5AHNA, SO~ TAIFFelA,
T3 C FRAYeA 7R B ks VERAIITE
wabr, Ca?*, Mg @ K'E FAIRRE Y &2, 34}
9] o)zl w2 gol A, Na'eh CcI2 HFA 71
PEA, N0 9} SOLE HGEA] ARIR 5
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