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A ARH MEjANAM ZAQt #o RUY, REYY LXK
QAR - UES . 2HE| . O|FA
AMEAAN e Hel AT AE, AL sty AEHH,
FFUEL A, A oA S §7] A R
H 2 Qude 2edsely /1299 FE49 24 f%}«l e, FEUg AEE FAE e
A3t A4 EAo] dHA L, £EI Ao FHE 4FA YAATFE FHAFAN FEANEHY
YA BATY 2R QAN B F2THL SAAL o) Sl Y= 7 BAA TIE B
S olg £E8Y Aa% FFech BT AP FFLE 12916 ton-ha” - yr 0| T, AHE £
g 747k 5,094 (39%)9% 7467 ton - ha™ ' - yr~ (S9%) 2 A z]%%ol YU o Wtk 759 e
N (NO;"+NH")} SO/ 79) &1 94t 943 22} 12505} 81.72kg - ha™' - yr” o)Atk &5 S Foto] Ae)
AZRE G29E N(N03 NH,) 3 S0 9} & ae AYFIEFANN 271 0067 303 kg-ha™ - yr
o)A T, BAFGAGANA Zh2t 015, 5546 kg - ha ' - yr T 2A] Ao S o] B Holxs] ©
Al Qe Agadol F4EAC dE 448 27950 A% o= EAXA gsto o] 3ol
AEA ] 2Hd] £H505¢ AT o A2HH ALt NNO; “HNH,)3H 80479 o FAE AT
DA o)A 2bzh +1246, +42.49 kg - ha ' - yr!, BPFYAG A Zhzt +1135, 42626 kg - ha ' yr T2
A T Aol S
HMO: 22 2, 29, 289 AgA, $E} A4, 3
B T8 £49 §943 29 FAZRH A Ho HsF
N g & %% U
olgld Afyg AeAle P& ‘ﬂ%?_ d+e A 7t
SAAEAT A, A % A Bl ASHA 29 AU gAY J15H AFE e sisickBoman ad
8= 7)A oItk (Tansley 1935, Evans 1956, Schlesinger 1989). Likens 1979). 2+9 AelA 9 /Hde A48 AAAI A=
EZL ulgo|} 283 722 7)AEAE Qo) 541} 29 Bormann} Likens(1967)of 28] 4FA}) A9 ¢1 Hubbard Brook
153@} £9 2 FEA 2 AENE 299 3t A Al Ecosystem Experimento] A A) 250}, 7] AejA| ¥ s}e} 7)50]
2 o) EUT AYA -2 ZUSE B WZ Fetd u] F2 AFFAL ST YHEdwards and Helvey 1991, Fuchrer
v “E“’ﬂ 2 38R, JAPHOE AFY AFHF 2 §F and Huescr 1991)
249 o5 943 /144 B YAl o] F U71E Fat Fel £ cdol e AFE M F (1977), Kims}
o EAZ fYse %%a‘«l ¥ AT Ay &9 BHY Mun (1982)0] M2 T2 JAHA dojvtes 3 AT
g ARFTOEM o 4 9o} (Likens e al. 1981). T, A Af9) B4R dhste] 1980 of FHHEE F407)
e 9 2%7), A9 FAH 7150 24 0)$AY Fo) A7
I A ErHl A Aot gk RRAFAH AFARY Qom (4 1987, 2 5 1992, 5 1986, 2= 5 1989, o] 1991), 373
SYHER 3h}e) 259 TP AAGL 2 99 A FAGH HIFAGY 259N FEFH 1§25 25

A o] tHAber and Melillo 1991). ©] 2} Zro] 2|83} H=glo]
A I Aoz RE AFAHOE Zo f90) a7
Zo AeiA Y B9 FY> 714 293 A8 29
of oAt dojdeh. 28 AE (FE)) A3 EFY K9
3§22 WAL VALY ED FBM A F= v &0
7)) W&o FAT & )7 (Likens et al. 1977, Whittaker et .
1979), 7] FAE AAY Edol AA TFHA A7) Wl

o}2 T W3l JFHYL Lotk (o] 1989, kb 1991).
B AZE £ A7AM0 FuE AEAY 997

QAR R0 JU4T LHA BUE 299 49
ANA 249 B2US ol &5iel, UAY BEA201A 213
wo] F4%o) Ax9) RO FAT U8/ Adtel FEHA A
79 8 ol HE FET $AHL 0T SUAL

T Author for correspondence; Phone: 82-32-560-7281, e-mail: you84327@hosanna.net
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TARI7HE

B A7 ZARE AT YAFE, TAE L AFRAY
ARG AN 297 IR FRAINYY FSN P
(745N, 127" 10E) 9} A5 B9l 23 A4o]
48 2%olth o] £ FFAN AWLR ATRA F
GAF (600m), A% (536m) R S (TM)SE o FoA 3
7, 9429 AR Juidol 52T v Bk Aguel
7| A7 Eokg BYA (FFFEALATL 1984)0]8], EFE
T EPANN FAT 47180 ol Hel ZAYYEFoIT
(% 1958). 7155 ALFS 9T F2 BE FHISY AP
£ Yehim, Qu#s1eel 113CelT, ARFRFFol 1365
mm2 1 Fo4 o 60%7t 794 ~99 Aolo] AT (% 198)
Eo $4717: DU¥H 3970012, E% 52 34 QoI
457 cmolh (1 5 1974).

2 2R 24909 ALES 487 9997 Aol
0] 1980958 BATA HPols 3 F4HEF 44
2 0|33 g Folth (Table 1, & 1987). S+ £590l
59 24980 o 209 W WAL, BIE A7}
FART 200 mAE FOU A9 54 Ul E A%t 2
A S, AFHAZol Im o2 SFALFA AR At
A 5 1993), ol 3 A AASRAY T4 e

Table 1. Characteristics of topography and physical factors of top soil
of deciduous and coniferous forested watersheds in Kwangnung

Tem Deciduous forest ~ Coniferous forest
watershed watershed
Catchment area (ha) 22.0 13.6
Forest management unit 31, 33 41, 42, 37
Altitude (m) 280~477 160~290
Slope (° ) 5~35 13~35
Aspect SW, SE, NS SW, SE, NS
Drainage pattern Half dendrite Half dendrite
Main stream length (m) 639 483
Largest stream width (m) 25 1.5
Circumference length (m) 2,185 1,580
Shape factor 0.88 0.70
Mean basin width (m) 566 339
Bed rock gnesis gnesis
Rock coverage (%) 2 4
Soil type sand loam sand loam
Soil depth (cm) 15~90 22~74
Soil organic matter (%) 3~15 5~13
Soil mositure content (%) §~80 4~83
Soil pH 52~5.8 50~57
Litter depth (cm) 4~16 3~12

24 a2 A5 A3 E

A5 AF45Y 269 FAAAN AL FA (A
2873 mm, $AA 6482 cm)E AA 3] Y AFe}T, HEF
& AFZ (700350 170 em)e] thFHol) 90° & f-A 3k AA
oprgol2 YAULE $3L A/FUAZ 243 2YH 9
AATY ZRAIY F2ARY Y FFol5A4e] 24
g o] &3tk

9 et SEEN
745 EAL A8 AR #AL 9 A Foksd E
2} polyetylene ¥ (IL)o] Aj53le] APAR &P AT FE
L 0.01% 3210 2 A H 8 polyethylene ¥ (IL)S AN /&
2 & 9 A7 3o A5, 25 HHLE FAGAT
NH,'-NE phenate§ & 2 241315 2.0, NO;™-N= sto|=ghd o
Z 39X e BAAA 72t 630nme} 543 nmol A BF%
SAZ v AR ST E F 1991). SO/ & BaCLE AR
% 420nmol A £FFEA (Beckman 24)E o] &ate] HEE
239tk (APHA 1989).

223 SUAK| AM

Bead §2%e 49~997A9 4S9 1043974
o A%/ FEET, BRY AFAE BAS o) 9 %
FEEo] £2L el YFAE 7 F 12499 oz
57 (kgha)E AR

Y>3 FEY

45 BEFAA 1913 795E 19933 129714 3078 A
olo] A3 A 74E 35~4,633 ton - ha”' - month™'9) W
Z 37 WA, 6 - 98 A F5F 60% oldel HelE
AYHQ #29 &4 JFHS depAct Fig 1). 531 1-4
9 E9to] J4FL 416 ton - ha”' - month ™' 2 A7
3%2 2 AL kot 1992133} 199349 149 - 1299 A%+
10 12817 ton - ha™' - yr '3} 13,016 ton -ha”' - yr ' 2 A A
W 12917 ton - ha™' - yr o QAT B AT F 2Q 7] A5
2 1} (1982)0] FEAA FA B1E 100 (1972~1981)9] &
W 7442 13,650 ton-ha”' - yr'HTk HL gho|th

A95Y 2599 9%F 2% 025ton-ha”' - month™'
(58~2,732 ton - ha™" - month ™' $)olch. HF Aol ol
3 497 S22 ulE 39%0]9, 1 YT 9%~49%4%2] |
2 3kE depiQT Fig. 1). & #2FE 1992133 19939 74
7} 4418 ton -ha ' - yr~' (@ 74:29) 35%)3} 5,771 ton - ha”'
oyt (M4%)01 90T, AT 5,094 ton -ha”t - yrT! (39%)el ATk
§9 A 45 O € 23 vE 4 g 2%UeH
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Fig. 1. Monthly amount(ton/ha) of precipitation and streamflow in
deciduous and coniferous forest watershed ecosystems from July 1991
to December 1993.

A&7V = B5%E FRA, B S7dE 175%E ESth
395l $2UL 9 BWF 637 ton-ha ' - month ™' (122
3,268 ton - ha™' - month™" W )o| AT, B4l TF £
HlE 4 it 59% (29% - 654%)°13THFig. 1). 4 #%
1992133} 19934d9] ZHzh 7,129 ton-ha™' - yr' (A A
56%)3} 8,165 ton - ha ™' - yr ' (63%)011 2, S HF 7,647 ton -
ha™' - yr™' (59%)01ATh (Table 6). 18 4 7533 9 2%
o] HlE AH7)0 26%, BB K7]o 74%0)H, 4 HF 60%0

[/la}
B>
o
ofok
ol
H

7442420 NO; +NH, 553 447 (0.90 mg NO; +NH,'7L)
7} 814 7] (122 mg NO;™+NH, /L) K.t} & 9{chFig. 2). ©] & ¥
A7) ALE Botol g ddte] e FHARY F
7t AT (A 1999). 259 NO; 5 EE Ig4ds &
d5gAA A7) (0.011~0.0019 mg NO; L)ETh ¥ 57
(0.017~0.038 mg NOs"/L)ell o7+ £, A4+ (0.011~0.017
mg NO; L)ETh &4 (0.019~0.038 mg NO; /L)o] oF 2u)
4T FE25Y NOs 5t 744 (044~0.51 mg NO; /DK
o Witk

A&719 M S7]9) SO/ FE(100:122)= &
ARt} BohFig 3). 53] 7449 S0 5EE
T g B2t AFL vebith 259 S0, g
@5l AR7I9 H4 %719 247} 8613625 mg SO L, &
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Fig. 2. Monthly concentration(mg/L) of N(NO; "+NH,") in precipita-
tion and streamflow in deciduous and coniferous forest watershed
ecosystems from July 1991 to December 1993.
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Fig. 3. Monthly concentration(mg/L) of SO, in precipitation and
streamflow in deciduous and coniferous forest watershed ecosystems
from July 1991 to December 1993.

2 o)A Zt7} 8019} 6.71 mg SO L2 A§7)e) Bk,
3 &9 1AL 747 7295} 890 mg SO /LETE 4 %7
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9~15%E BY, HgS8 79 25~30%THE A

Ao} #o| guzw g5

T34 ArE Boto FdEE A2NHHNO ) &
(SO47) k& 747} 12503} 81.72 kg - ha™" - yr 0] @ THTable 2).
A AFE FiHE EA%S A (19990] A& Bl A
ZAMS A (N 1955, S0 12944 kg - ha™' - yr HEg we
ol9ATh o) o} FFo] N& LUA G HlEt) B 24
AES Yuiste RO Z s 9

A8 585079 FUF @2 kg-ha”t - yr ) 2 (1994)
o A bt (129 kg-ha™' - yr) B F (1994)2] HgA
A @B6kg-ha ' - yr hET Fou}, 92 W 16 (RIEHHE
ZHA 1991) - 85 kg -ha™' - yr~* (Hantschel er al. 1990)¢) A3}
Ao ATk o9 ko] Lz} AejAE S0 7o) iz
FYHE e ALR dgd.

freFE 3 d ;f—«l/‘(NH‘; +NO; )& o 51'(5042-)31‘—
ArdL el Fgrdafgden 27t 250%, 141% 2ot
(Table 2). 2] §&5E 23 2AN0; + NH )23 7 &
SO Y2 E 4o ART AGFG2590 A 22} 1%
48%7F A3, FATHLRANM 72t 1%}, 68%7t Lo
A ol AHAW EHHATT & 5 ik

HAS 8o ¥ EXLX

A95YF FG5Y 24904 48 S #95E 3
2:(NH+NO; ™ ) UF2 A5 EA SHFHA kol 121
kg-ha™' - yr o)A fZ ol HAL (01 kg-ha -y )R
o FAH(02kg -ha”' - yr Tz} B o] 359 SHFL A
AP (125kg-ha™' -yr o] BP4d (14 kg-ha ' -yr')
ok gtk o8 s B4 #&9 AL 199293 199339
A 2 AL Y

Adrdatded 24d4d249 U ud 2349 S0,
o) 2 247425 4267 kg -ha - yrT 22 A7k o] AEjA 7}
AR F Ue Go.2 FHdr) E}EW 359 A EA A
HE FYHE SO P2 o] F ghHT ADZ F 2499
ARAZ AP E ¢ Je FL 24 A0z Avdd Q4

29 - o34

AR EIA A 25D A3E

2H93 G5 aRAA z%f\(NH4 +NO;7)7H A A W)
o) 2HE= ¢ A 7gort, S0 E APFY 2vYol
o Both

ol FA%I fE%L 7IFOE 39 E2Y A £AE
FatE, N (NO;~ + NH)# S0 & AeAdA 3540
(FEE>HED). o] FAE 2AZ o] & v F3) §Y
9 No F (13kg-ha” - yr )& ofy HPAelAN 9 F
A GE ATo|A Y, thE et Aste} iR B 1 o] v
S wWolti(Table 2).

u #

F afAuANA Pl B vl #3230l 33, %
Fo) 4L g HFUT HEFo] B AL £ (198) ¥ 4
5(199 ) So] B33k B]-Q]- o] Aol B4 /1E2AH 9 4
A g 394 715 depfE Aot uéif %%%*f
gg5gel A4 24982553 ton - ha™' - yr~' (100:67)
T BYITh 1 ofE F (1986)7F XA viet 2o] Ad4d
o] AFGA = oY FYo|BE H&d AFHYETG F
Abekol o o) gtk s A A}, Waring# Schlesinger (1985)%
LRHANAN fEFo] tRE 7)o Tt BuFoy
B Aol std7le vebsttiFig 1). 1L ol 25 %
Aol A3 o] sHAlo FF 3] witolety HgHTh

FEF 2FYelA A Bl v A P FEF ¥
(39%)= 5 (1986) 2 7} (1987)0} o} A Aok z}7} 1982 ~1984
W5} 1982~ 19861 0]l AL 42%9} 49% BT} 2k7h Wbt} )
TY &F99 ¥ (9% F (1986)%} 7 (1987)°] <& 1982~
19841 2} 1982~1986119] Z4R]¢1 50%9t 62%2] H 9o £
th 958 @9TYY §&F v Ovington (1962)0] B3
3 2G5 v (28%~58%)4 Hooke] &30 TR £
Y (34%~49%)9 A BT} E9kch

2 2799 f&25Y 2 T4 (19949 =9 HEF
<) NO;™ (325 mg/L), SOS~ (468 mg/Lys =9} v B A
A o4 2T 3Rk oS g9 T2 o] 19899 £ 7
22E 2499 S0/ (555 mgl)3 vl wad 2 ol #

Y ou £

Table 2. Bulk precipitation inputs, stream water outputs and net changes for Nitrogen and Sulfate for various areas of the world. Values are kg - ha

-1

"Y1
, NO;™ +NH,' ok
Location
Input Output net changes Input Output Net changes
Deciduous 0.2 +12.0 55.5 +26.3
Koreal 122 81.7
Coniferous 0.1 +12.1 392 +425
Canada’® 3.7 06 +31 6.6 8.1 - 14
Newhampsire’ 76 27 +49 148 178 - 30
North Carolina® 45 0.1 +44 9.7 14 +83
! This study, > Zeman(1975), * Borman and Likens(1977), * Swank and Crossley (1984)
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2ol A3 LANZ 40 WA Yo}y RO A

HHAX K25 R Tt 45 AR Wolr} A
< AL A=A AN °’W§ L% HFHE YPOEA o=
EGUAG A 5o AUATHL) 22 g2k o8 3
Ftojt} (Likens ef al. 1967, Bormann and Likens 1979, Whittaker
et al. 1979).

SFYSREH ULE #E49 529 3vE 95
HAVE 9r-dng v 12} 4 51, 2
o HEdM Edol o A AFHT AL ey
(Table 1, Table 2). o2& A= AejAle) W] W2 goka
BH713 dlgk Odum (1969)) 7143} AMbE 7, Vitousek
(1977), Vitousek3} Matson (1984, 1985) ¥ Vitousek3} Reiners
(1975)8] 2 €A %24 (biomass accumulation hypothesis) 3} ) %]
8h= A o|th (Gorham er al. 1979, Gosz et al. 1973). & A9%
B2 13 £44%0) 2] WEel 2} 295YuG o
gusty, O A3 B30l ¢ Ho| Wogo ey Eo Ny
O B2 F& Fostelof dvk gt Edo] AEA o A5
£ S5} w20 BRe] $E5el Sol 4ok Fe 295
oA 17 £4230) W B95ANT § Yoy ¥ 4 9o
(Swank and crossley 1984).

13 5ol FEsrda 458 AeAA FaeE 5o/
S FAY gwsldl 423 26kgha -y 24
BN el e SO FYBE ofn] AejA s} H e

=4S 2AUSE uidtth ol Y R o] AYS
F BA5Y 2AFAA 27 399 56 kg -ha - yrT 024

2 #viS 712 Hubbard Brook (Bormann and Likens

8kg-ha ' -y (AT 5kg-hayrhuT o
3 ¥e ANREH ¢ 5 U

e Aa o] AdANE A4 FEE fYHT, o
W A T 3t A HIHEE Wit Fae BASX
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ol A7 f AT wE Ak (2 1994, # 1994), 53] 2
29 A d23A3 A o A B A
2 }ata]ol 3 Aol thVitousek 1977).
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Input, Output and Budget of Nitrogen and Sulphur in
Forested Watershed Ecosystems

You, Young-Han*, Joon-Ho Kim* Hyeong-Tae Mun* and Chang-Seck Lee™*
Center for Ecological Research, Seoul Women's University, Seoul 139-774, Korea
Department of Biology, Seoul National University, Seoul 152-742, Korea*
Department of Biology, Kongju National University, Kongju, 314-701, Korea**
Faculty of Environment and Life Science, Seoul Women's University, Seoul 139-774, Korea***

ABSTRACT : In order to elucidate the budget and cycling of Nitrogen and Sulfur, essential elements and
principal constituents of acid rain, their input through precipitation, and their output by streamflow were quantified
in coniferous and deciduous forested watersheds, using combination of nutrient concentration and hydrological
analysis, in Kwangnung Experimental Forest from July 1991 to December 1993. Amount of annual mean
precipitation was 12,916 ton - ha™' - yr™', annual mean runoff 5,094 ton-ha™" - yr ' (39%), 7,647 ton - ha™" -
yr'1 (69%) in coniferous and deciduous forest watersheds, respectively. Amounts of annual input of N (NOs~
+NH4") and SO4* through preciptation were 12.5, 81.7 kg - ha ' - yr ', repectively. Annual output via runoff
of N(NO; "+NH,") and SO~ were 0.06, 39.23 ton - ha™" -yr‘1 in the coniferous forest watershed ecosystem,
and 0.15, 55.46 ton - ha ' -yr’1 in the deciduous one, respectively. On the basis of annual nutrient input and
output, the annual budget of N (NO; +NH,") and SO.%~ were +12.46, +42.49 ton - ha™' - yr™" in the coniferous
forest watershed, and +11.35, +26.26 ton - ha ™" - yr™" in the deciduous one. Thus N (NO; +NHs") and SO~
were accumulated in both forested watershed ecosystems.
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