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Atmospheric Acidic Deposition: Response to Soils and Forest Ecosystems

Kim, Joon-Ho
Seoul National University, Academy of Sciences, Korea

ABSTRACT: Soils of Korea experienced with long-term acidic deposition have been exhaustively leached
exchangeable base cation (BC) for plant nutrient comparable with soils of forest decline areas in Europe and
N. America. Ratios of BC/AI* of most soils are below than 1, which value is critical load for plant growth. Acid
soil applied with dolomitic liming is increased as much as 20% and 244% in concentrations of Ca*" and Mg”,
respectively, as well as shrub leaves increase much cation uptake by 1 year later. lons of NO;~ and NH,"
in acid rain are absorbed by the canopy acted as the sink but K’ is leached out from the canopy to throughfall
as the source at Gwangneung forest with a little of acidic deposition, however, such sink and source functions
are not found at Kwanaksan forest because of so much deposition. In coniferous and deciduous forested
watershed ecosystems ions of K', I, NO;~ and S04 from throughfall are retained in forest floor but ions
of Na', Mg® and Ca® are leached from the floor to streamwater.

Key words: Acidic deposition, Acid soil, Dolomitic liming, Throughfall
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B3 AHste] A AHo R ZAegTHel S 2000~2002, v)
2003). L2]aL AWg AakEe] Hal g Wl A HEE AEE
G Fole] B¢kl tiste] o8] A9AEL e sled $hi(Foster
et al. 1986, Prietzel and Feger 1992, Dambrine et al. 1998, Blaser et
al. 1999), 2Hd Bl A9} 4 &o] #-2-2 o156 tHMarschner
1991).

AV ZdstEel tated abgle] ojgA uhgslErte 1) 9l
© Aotk AR FH2 AW AHES SEAT)E Aeo

SATHCape er al. 2001). Al TEF APH I} vl b o] Aabg)e

=

5 3] zhel7h A== YE HtHChiwa ef al. 2003). Bl &
o] o]&o] £ BTt £ folrE AX I AFEY 2H
B AFFE des A F48 AEAIEHA A7t o
Fo0ix) 2 1 tiPhrainen e al. 2002).
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8o FACESHR) S 24 0F 60 km ol A 3371 x4
270Uy 0] Eokg AEste] pHeF 78 o] &-& BA g
T EA, 29 B FEAG0E THEATHTable 1) 1994).
T BN pHE B /WSS WAL 9o A5E E

o)L, F8 0L Fol 4 80 -SH A" FEE &
55 7o) AthFig. 1). 9714 Fole
Zo A} Ca¥', Mg, K 2 Na'9] 25 Al 7SR 7
A5he 7ol TFig. 2). 7)) £ 3% (base saturation, BS) 2
AFS) Hiak 937]4 9ol §he] B H](Na™+K +Mg" +Ca’ YAl
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Table 1. The pH value, mean concentrations of major ions, cation exchange capacity (CEC), base saturation (BS) and base cation/Al™ molar ratio

of surface soil (0~10 c¢m) in metropolitan area of Seoul

Na* K Mg™ ca” Al" 804" CEC BS
pH g 3
BC/Al
o) - (meq/100g soil) ———====—======————~ (%)
Urban
Mean 420 0.07 0.13 0.34 0.55 3.29 195.4 1.09 249 0.59
Minimum 4.11 0.04 0.07 0.25 0.42 2.16 79.0 0.78 26.5
Maximum 4.54 0.13 0.23 0.57 0.69 4.68 400.7 1.62 25.7
Suburb
Mean 453 0.06 0.12 0.34 0.58 2.68 158.7 1.10 29.1 0.72
Minimum 4.20 0.04 0.04 0.17 0.29 1.70 73.9 0.54 227
Maximum 4.84 0.08 0.19 0.50 0.92 4.16 249.1 1.69 28.9
Rural
Mean 4.70 0.10 0.17 0.44 0.67 235 89.8 1.38 37.0 1.05
Minimum 440 0.04 0.06 0.17 0.39 1.67 432 0.66 28.3
Maximum 5.33 0.20 0.33 0.72 0.96 3.80 209.7 221 36.8
5.7 1.2 08
S.4r  1=0.729 (p<0.01) . - . ¢ .
5 51 . . gc.e °’ . ‘|3 06| , ] L. .
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’é4.s/’/3/ﬁ//. e’ gL E LT
s2F . ‘e S 03 . % 02 . .
N r=0.421 (p<0.05} r=0.375 (p<0.05}
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Fig. 1. Trends of pH values (above) and SO+ —$ concentrations
(below) of soils in pitch pine forests with distance from urban

center of Seoul. After Rhyu et al. 1994,

molar atio)= FE Aol Z5F FolAe Ao
2ol BN HoldaE B¢ SAo] Ml
a9 gtk 2HT FAVE ARXE AolTh Y
NO; B Cl Thrt BHYFS B0l EY
X pH Fo] WolA 3 AL'7} 7Hg-A o]

(Na™+K +Mg™+Ca™)o] Eoko 2RE Aety

Fig. 2. Trends of concentrations of Ca™", Mg%, K' and Na' of soils in
pitch pine forests with distance from urban center of Seoul.
After Rhyu and Kim 1994d.

o] E(2000~2002) =} 5(2003)0] 33 2] §X) Ao AE
o oke] $4 Ass} Aol A8 A4 4eES AYHLE
95| ZE Table 20] ZEsI5ATh 59 EYE pH 4.93~
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Table 2 Comparisons of the pH values, annual average cation concentrations, cation exchange capacity (CEC) and base saturation (BS) of soil at 0
to 10 ¢m layer in Korea with foreign countries on where subjected heavy acidic deposition

+ + + 2+ 2+ 3+
i Parent H H Na K Mg Ca Al CEC  Bg
Site Period et Vegetation P . BC/AI™ ¥
material (H0) e (ceq/kg soil) —————————— (%)
Korea
Namsan” 1998~2003 Granite Pinus densiflora 520 050 0.3 051 028 144 073 236 602 3.22
Kwanaksan"” 1999~2003 Granite "Pinus densiflora 516 067 011 014 014 022 077 061 242 0.78
Ulsan” 1998~2003 Granite Pinus densiflora  4.93 083 066 057 1.04 0.47 215 274 368 1.27
Ganghwa" ©1999~2003 Granite Pinus densiflora 499 063 011 022 0.1l 011 133 055 143 0.41
Jinjub) 1999~2003 Granite Pinus densiflora  5.19 063 017 037 119 0.86 .32 259 503 1.97
Goseong” 1999~2003 Granite Pinus densiflora  5.15 051 011 027 021 017 149 076 186 0.51
Seolaksan” 2000~2003 Granite Pinus densiflora  5.34 053 012 030 0.19 0.59 .19 120 325 1.01
Naejangsanl’) 2000~2003 Granite Pinus densiflora  5.01 067 008 025 014 0.35 1.07 082 252 0.76
Foreign Countries

Monte Cenerl o0y 1gg7  CHPIO- (o iomea sativa 404 162 04 73 280 825 2050 1880 276 091
(Switzerland) Podozolic
Ontario 1980 Podozolic ~ Maple-Birch 510 - 005 23 250 1560 - 2050 590 -
(Canada)
Vogas Mts. . . )

o 1990~1996 Granite Picea abies 3.50 25 - 04 010 0.15 290  0.65 7.5 0.23
(N.E. France)
Black forest Podzol  Picea abies 380 151 - . 045 080 1580 743 32 -

(Germany)0

Y (Na+K'+Mg" +Ca® /AL ratio,

al. 1998, " Prietzel and Fegers, 1992.

53493 W3 ko291 Na', K', Mg 2 Ca”'o] ¥ &= 77}
0.08~0.66, 0.14~0.51, 0.11~1.19 2 0.11~1.14 ceq/kg soilo1iT}
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10.8F5(cation exchange capacity, CEC) A <) 7}sle} Ay
1—,-0111\1 Z}z} 0.553F 2.59 ceg/kg soil®] W92 B I3
A d7] 59 FNa+K+Mg"+Ca™)ol W3k CEC rel
&% vehlie 971E3EBS)= HA) 73k 14.3%00
391 WA 602%) WZ EEF5T) WAake] BS o]
= ll:,]oﬂ )«h:dg].b u].g} 71—0] El )\].24 o]

. BE E9k] BSt 30~70%9] W9 &
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St} BS7T 40%
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£0| FolxtiBraun et al.

Table 2014 F4}, &4F 215 B Aohibe] Bk ol
FH5{(CEC)0] 1.2~2.7 ceq/kg soil 2 A2k BS Zto] 30~60%Z H)
WA Fg Holrk AR FRL

S AT AR e

B2 CEC7T 1 cegkg soil ©]3}o]37 BS Zto] 14~25%0]0) A 2

=9 U0l He G714 gl

o gus ¥
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Lee et al. 2000~2002 and Park et al. 2003, © Blaser, P. e al. 1999,  Foster, N.-W. et al. 1986, 9 Dambrine, E.

o3 3= Bke] 714 °ok°]£°] 3 5}-&(weathering rate)
200~600 eq -ha ' - yr ' FA %I ItHPark and Lee 2001b).
AA Y] F BEGE AL F3lol 5t BEHE dolLg B
3 ArZ 7E2as o] g9li= Aot}
At Eoko] a5 3l ol 7 £(1998)0] 1991~1995d Afo]
o mid 43), SV E 5o EWHFAE A2 7 1995 11
ol 11 BEE AFste EAE AHE dRE vk i, =3
A AR AT ik Aol M35 AFEFE Aol Stk
olgA M Wake] EES o] 5(2000~2002) B f 5(2003)
3] Y FadA AEAAE 7FsAol 5o 18w
22k, o] EFE EAIL FHTA A wiE 8= 4t
A 7FerEe) S s 7Feel ok 2y =AY 3 Y
=8 7ysh 74 2D U AAke) Eoke 2
o2 gl ti7] 2 ZFakEel ofstel At Atk g
Ak webd Fa21e] 3447} dh-S B Eshe Edolzty Azt
s e g B ] Fokg Al Sk
o] Eofol] wiste] AbgulY] QS olv] AP 29~
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A IR 90T 59 8959 2 39
TH)9 A B Bo] thE7)E ST okx]9) CECY
B8] Aol IA d=} 929 o] NHEL gotst Bk mjE
o] oln] HAE7L Xl =lo) T HAo] Qe Ll o)tk

Tt Be] WA Yol FEIL RS o) A EE
%2] 80,"7, NOy™ 2 177} Eke] w3k4 o] 2(Ca”, Mg,
K+, Nat)#} @8kste] MEAIA7) o o] thFoster ef al. 1986).
ol A g FAsHEo] HA WY didel= Eoke] 7oA
Folo] Hima BRAR T A&H o7 A 75lEo| YUY
S2H MAE] AgsEo] HAjg o] HolHL Aotk

B9 w8 ol 29 Meake pHe W s B4 7T ok
Haynes ¢} Swift(1986)+= #0128 AFZ A4 pHe| A3}l u}
T 2 ol fFE Y3 thFig 3). pHY At
wpe} 27} 0} &(Ca™ 9 Mg™)& pH 5 o] &lol|l A 743 als)%)
217} o] (K 9} Na")& ksl el sQinh

EPNYH| F2}
1) EZ00|E Xza)

A3 7skEl Salel Egko] A St pHYL Yol T o
7174 Fol(Ca”, Mg", K)ol Mgslo] 4 57} Age 4

* Unleached
© Leached

&
Y

Soit sofution Ta (mmoi Cagg kg'}
3
T

Soif sotution Mg (mmoi Mg kg }

* Untoached
G Loached

08 |

Soit solution K {mmol K* kg™'}
i

Soil  solution Na (mmol Na" kg™ '}
H
¥
/

0 A L i 1 1 1

pH PH
Fig. 3. Effect of soil acidification on levels of Ca®, Mg2+, K" and Na*
in soil solution in unleached (@) and once leached soils (0).
After Haynes and Swift 1986.

B A EA) A8 A A6 S

Ak TIehAM M3 E2utelES AEsld AEYS BY
3k A77F o FAA I Sltk

£:(1996) 7 Kim $42003)-2 1994~19950] Fotrke} HAFY
I 84,d 9] YAl EZrlo]E(dolomite: CaMg(COs1)E A
Zlote] Bk AF A8 Y9 F9%E T 4N
o B¢l A ERnlolEx thga} o] H'g whe-a}e]
Ca" 3 Mg™'2 &) 2) shcHKreutzner 1995).

AGA CaMg(COs), + 2H > 2HCO; ™ + Ca®* + Mg
A29A 2HCO;™ + 2H™ — 2C0, + 2H;0
CaMg(COs), + 4H' — Ca™ + Mg¥ + 2C0O, +2H,0

Fetatel ERZTlOEE 1.5~3.0 tonha® M e A B
AGFYolA 0.1~0.6 pH B2, IS pH 0.1~02 &
2 A5IAAL G BEE A 1d Fofl 10~18% 271849
om Mg" EEE 397-406% W2 Z71Ekd3 Na' BEE
16~28% Z7}8HATHMN 1994, Kim ef al. 2003). Z8U K £
= 93|18 7459 tSiktrom 2001).

EEVOIE Aol ofste] o] WEF(CEC)H 971 %3}
T (BS)= Z7lsk= Aso|ql T, BOAP™ & vt Eolat) o
e E2rolE HErt AW BEg 333 MBS
Rogrh

Bl 5(1998)2 2] Eokol 51zt BT g, A3 5 A
3] 523 AFHE AU, Lee 5(1998)S EZnfolE a7}
2 39 T Bokol A A3} QAT o ko] Eok)
ARt QS HHTE E2vloE 6 tonha HE)Z 53 Fol] B
E9) Ca¥ 3} Mg o] Zh7} 450% 9} 800% 2 Z7131e] A AEE
o WSl E37F U T (Hultberg ef al. 1995, Nohrstedt 2002), S
ZrlolE 6 tonha ]2 2\d Fof] Eke] pHo} BS7} AFd
{Marschner ef al. 1989), 323 &2 rlo]E 7} &8k o|=L 3}
(Ponette et al. 1997), A" 7} Zha3ka] BC/AP & u)7} Absa}x]
k2 2k3} 2 nitrification) & X8k NOy~ EL7F Z7K30
2N B7]d %4 F o] dojr)w(Fransman and Nihlgird 1995,
Hindar et al. 1995, Meiwes 1995, Keersmackeret et al. 2000), A5
F & NO; 7} #l& % 2(Kreutzer 1995), B2 v}o]E 4 ton/ha
el 4id Fofl B2 2AZ oA K, Ca, Mg ¥ Cao) A'g=|oj CEC
7} GolX X AlOH): 9+ AIOH)SO47} 431 =]0] AP &7} Eo}
HtHKreutzer et al. 1989).

2) g 2| ol 37t

SEPIES A 1d & 05 HA(Y) £9) Fol &
5 of Z7HtAA T BAH SR Fo8kA) eskth. Kreutzer
(1995)%= AGFHol| E=Z7o|E 6 tonha S 4T3 613 & w &
o el Fr19dAF e} gleS 932 Utk

e #EQ] Age 99 ol sEE ZUhsRE Ao
TR THTable 3). & X 1'd Fo] Adeh 9 Na' 5=
27, 1.5 2 3.0 tonha oA Zbzh 100 : 111 : 729] &2,
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Table 3. Cation concentrations of Rhododendron mucronulatum
leaves after dolomitic liming in coniferous and deciduous
forests in Mt. Kwanaksan

Dolomit ~ N&’ K Mg AT
treatment o _____ (zeqlg DM) ——————=———————
1994

Control 28 81 474 731 371

1.5 ton 31 134 337 889 446

3.0 ton 20 141 527 740 334
1995

Control 10 86 393 669 308

1.5 ton 46 74 456 693 330

3.0 ton 19 93 497 662 306

K =5& 721100 : 165 : 1739) v]&2, Mg S5 z+z} 100:
711119 81 &2 Ca™ T5E 19 Tl 224100 : 122 : 1019)
H]EE W3l ol ide) Axks EZnlo|E A 9l A
g 4o 9714 Fole Tt ZHEASES HAFNHE
1994). 7HREIUE G AIAYE § 1d 3o Mg™ E57}
FostA 7R 2 Folle SUHskA] etTHSmallidge
and Leopold 1997).

3) £ S8 Bl

EEUPIE AHE 9Y IS 8= AES S7MIR]
THKreutzer 1995). Y 4< £33} EE7)(Collembolae) 5014
AR Eoko] WAS 7YRIA] = E(Isotoma notabilis, Isotomiella
minor)& A gle] Qate] $HEI} F71EA T WALS 71
+ Z{(Folsomia quadrioculata)S ~1 ¥ St Table 4). A H ol
ol FolE 43| Aol st AEFo] A3 FTrIskAh

W7) A detE BEgs AE AuAL e 421

A F 0 7 A7 o)(dllolobophora japonica)E pH 3.9~4.12] &=
Lollo]] HZAF|H A2 (prostomium) S 1A7) 2= A 7)9
31, pH <4.0¢] EGME 7S 94 X3P pH <3604
Z=THOhno 2001). A3]¢+ Bkl R Fo)7} B olf= HA
Ao 2 A A E9fol7] ujEo]thMun and Kim 1991).

YR0|E

4

4

A 7dsbEe) 98 Eoke] 7HeA Gy oAl &
o) Z71= 49 4 H(forest decline)2] Y10l AHo] W& HTH
(Ulrich 1990). 7H&-4] AP'S EoFe AA BN T B =4
02 AgFE F A GGFE 7Hh HE &o B H 7L
E%S AW a3) G50 E(gibbsite: A(OH)) 0.2 A€
HE QA2 FFstd AI'E AT B AITE pH 5o
A $2)57) AHsle] pH 4.5 o] 3ol M F&3] 2o] fETt
(Fig. 4)(Kinraide 1991). 42 A& 1 palo] oFed7)(weak
base)o) B2 The&-3} 7ol 7tERE sl HE AL g B¢
& AFA3kA)71thHendershot and Courchense 1991).

A + H,0 = (AIOHY" + H'

' a

= 50
H a
&40" .
8
8 30p
€
i
c W
2 A
FY " A
= 10 o
ouu J s
4 ] §
Soil pH

Fig. 4. Relationship between pH value and A* concentration in soil
solution.

Table 4. Dominance percentage of biomass of collembolae and earthworms with treated lime and unlimed plots. After Kreutzer 1995

Collembollae

Earthworms

Isotoma notabilis

Isotomiella minor Folsomia quadrioculata

Lumbricus rubellus  Dendrobaena octaedrs + D. rubidus

Percentage of dominance

Biomass (g/mz)

Unlimed 6.0 59
Unlimed-+acid irrigation 23 52
Unlimed+normal irrigation 8.0 18.9
Limed-+unirrigation 311 317
Limed-+acid irrigation 38.8 14.0
Limed+normal irrigation ‘29.9 20.1

16.7 2.7 1.85
28.1 0.02 0.41
6.0 2.00 1.55
0.5 2577 5.19
4.0 3435 9.55

0.9 27.24 4.99




422 2

T APE 6Bzl BEE T3 FFlo|o|nT AAE
(AIOH)) & FA3te 1h9) whSo] z#sjo] hydronium

ion(H;0) & A3t EFS AN 5 7]

k5

(AI(OH)e)" + H,0 = (AI(OH)s0H)*" + H;0'

Bl 4717 Fol /LT rE o) (BOAI) B ]2 Y
Adske] 7102 o) 7] QItkBlaser et al. 1999). S5 EOk
9] BC/AI™ & vl E43} 2904 10]519 7 F&oA] | o]
4ol tHTable 1 &%), 18] &= Eoko] BOAM & vl
\4—/\]. /\]. ;qz tﬂ How\ Oﬂjﬁ 1.01~3.222 1 o])\Po]gj\—r :r)rol-
A%, 748}, A 8 WAl A 0.41~078 2 1 0] 5 THTable 2).
wkEbd BCAP™ & Hl7} 1 olatel 484t B4 AFo) 9)sle]
e Aol AHE & Atk B 51998)S EF B
BC/AI" & B]7} 0492 Table 20] ghotal 7hsh 74 2 A4
o] Ao} H]S3 AT AR T Fu ) BOAI £ 1]7} 0.057
2 28 FEg WA e o) § 8 B S ¥t 25
(8.94 ceq/kg soil) BT} o H(88.61 ceg/kg soil)o] 1081} L)
)lﬂ}z A& sk

Holut Brle) AUER, /HEHURF 9 95F B9
9 BC/AP* E H)E 10 oJ3lolN A% Ao Aoz 7
2F L, 0.5 o]3tof A Bale) o] 20%74A] ZHasH, 279
Aol A7) A2k, 0.15 olsloll M ZEa 22 Al
| E7} doldthFig. 5)(Sverdrup ef al. 1994, Hettelingh et al.
1995, Sverdrup ef al. 1996). T2} A E¥9] BC/AL £ H] 10 o]5}
e Al YA RSN critical load)e] 7|0 & A3ty 9ok

Hettelingh 5(1995)& o}rjole] ofe] A& &oke] BC/ALY
= VS gR3ged 20 294 9 $899 Byt
o] 1 o]ato] 3L Wpjx] EQL 1 o]4}o] K Table 5). Table 52
S W e EGS B4 Al 9ste] Fots)
A BaHeE Mg 4 dok

7E2.

120
g
‘g 100
O
3
. 80|
£
E
gu 60
§ 40 German field data
5 Amnerican field data
g 2 |- . D French field data
& , e k=013
0 I e
0.01 0.1 1 10 100 1,000

Soil solution BC/Al molar ratio
Fig. 5. Relationship between stem or root growths of Picea abies,
Picea rubens or Abies alba under field condition in Germany,
America and France, and the (Ca®+Mg™ +K'VAL*" ratio. After
Sverdrup et al. 1996.

Sh

3 =AY eEIA) A28 9 A6 5

Table 5. The BC/AI™ molar ratio for various vegetation types in Asia.
After Hettelingh ef al. 1995

Vegetation type BC/AP* molar ratio

Polar or rock desert 6
Tundra 2
Cool semi-desert/scrub 2
Montane cool scrub/grass 2
Cool scrub/grassland 2
Main + southern taiga 2
Coniferous forest L5
Mixed forest 1
Temperate broadleaf forest 0.6
Intetrupted temperate woods 1
Dry/highland woods 2
Mediterranean woodland 1
Interrupten tropical woods 2
Subtropical dry forest 2
Subtropical wet forest 1
Tropical dry forest 1
Tropical wet forest 0.6
Tropical savanna 10
General farmland 10
Coastal wetland 10
Hot scrub/grassland 10
Succulents/thorn dry woods 10
Semi-arid forest 10
Non-polar rocky vegetation 10
Sand and semi desert 10

S A HEY B AS %16}04 A7
2 AR e A e Asith o 59, Hutchinson S
(19862 HG5 H48el el ole) £29) A o 7]
€5 A2 0] Bl 4FRust He TR
7} 974513 tTable 6).
LR O] (AN)S ®elo Ca¥' 3 Mg o] 4
D2 Qo Y54 BS 22AIIT AR FIE SN,
FRHES AT ZURL AT 5 A2 AR
A& W @8} Schlegel and Godbold 1991). o)<} 7o) Eoke] n
A APY] o} 3ke 7haA]7]8 T Alchelate S FAJSl 1 %
ol A nitrilotriacetic acid”} pH 4.0~4.591 4 Al & w2 2 A%
sto] FHET, o] EFo] 2B 7 gldol Fetsle] Al

B 4

g As)3
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Table 6. Effect of AI' on total dry matter production of five
coniferous species. Results expressed as a percentage of the
control. + indicates excessive growth over than the control.
After Hutchinson et al. 1986

AP conc.  White Jack White Black Red

(mg/L) pine pine spruce spruce spruce

0 0 0 0 0 0

5 +9 4 20 3 17

10 +15 3 14 14 13
20 +8 5 22 38 2
40 1 42 37 51 45
80 25 70 51 63 64
160 42 88 62 70 80

& A=stEe 977t ol Foi % tiShuman ef al. 1991).
AMEAlel wag

2| £ 32 JIs

1) =2 St 7k {olegl RS
WR7E A, BEY 9 fE) vlAE 43S el 915

of FEAHE S FFFHENHE, AT B 27 tkavr )
% ST HE T, AT & 7ER] R (You 1994) B
orite) AFFH(EVH T ST Z W) EFAl(water-
shed)(Kim 1994)ol| 4] Bl Z(precipitation), 43 = 3}throughfall:
TS A Aol o= B) 2 57 F-3k(stemflow:
718 TeUEE B9 o2& 9%y 19 Ik =
G, w3 534G 7 o] FroA HIEY 7} o] TR
= W S E34(net throughfall = throughfall - precipitation)
£ AXrsIAHFig. 6).

E5R BAFY ol FEE AHUFH €L, N0, 804,
Na', K, Mg”, Ca™ 2 NH,"9] 5571 3211} Bepito] zhz}
2.1,92,27, 51,06, 65, 110 2 1298 9h @5, Bd24gol A
= A2HT #obako] 747105, 2.2, 14, 14, 05,27, 40 R 1.6
HH U}EL u}%\;}

T KoY ol T IAFFHOAM FFET HoPt
o] Z+7} 33,150, 44, 4.4, 1.0, 115,256 2 14.613}] wory, &9y
FHoA 747} 14 153, 2.1, 33, 1.8, 7.7, 4.1 H 16w v B
ok &5 B3 ol U TR #ePbA E2 9l
< F¥canopy: ¥ - I - 7E) sl 44 Aok 20l B
&bl ARE Aotk o] A= BA(AE)Y] A7 5ol A
A o] EZedo] dupt & e mAErtE RoFEth

Fig. 60l 35 9) <ot B340 NH, 9 NOy 2 ()3

Eoka A A de 423

50" M Stemilow
P77 Net throughfall
] Precipitation

20060

1000

i

Concentration {n equiv L}

Fig. 6. Compansons of concentrations of major ions in stemﬂow, net
throughfall (throughfall - precipitation) and precipitation in
coniferous and deciduous forests at Gwangneung with at
Kwanaksan. G¢ and Gp stand for coniferous and deciduous
forests of Gwangneung, K¢ and Kp for coniferous and
deciduous forests of Kwanaksan, respectively. After You 1994
and Kim 1994.

Holi o] Foll mATh S Bepate] &d A
NH, 9} NO;,™ 5 HEe] ASHT 42 gtk 1 o)F
7.

Boraolq AMY Zeh Bl U Wobd] saolAe) §
A4S Race AHAY, 127 40§30 o8 wE
BRFYBT WAFAIN 5L 2ol 5319 £AH Kol

HAZE ASkE Aelth
9 HIE9) o) Fxofl tist 3 S35 o] =] |
(throughfall/precipitation ratio)s= 359 HFTH 3 EYFH
X, NH, ¢} NO; ™2 #|9)8}2, Na', K, Mg, Ca”™, (CI” 2 S04~
0] 1.6~20.02 =k, FFAkll A 1.5~5.8 2 T Table 7). L
3 HIE of2d gigt #7F Kk o] 24 H(stemflow/preci-
pitation ratio)= %29] 4Gl A, NE/ 9 NOy & A918h7,
25~160%, SGFHoA 2.0~15.18 =9tom, Fobate] AP
SN 4.0~758, BTN 15~T42 F9kt} o9} 22
AIAE T A T3] Abglo A Shibata S(1995)% f X T} F
3 FE B o2 FRE AA ST Aol
B2 o) BB & FHEIF T £35S NH, £
ENO; &) vl 1 0)8t2 03]8 @it & FaFHT £9
NH, 3 NO; ™ et BlEe] ASHoh A A ciChiwa ef al.
2003). &37]ellA F3-2 NH, ¢ NO;~ & F8h= 2

= [e]

— A= T
9T -0 FFEUFRAE G Aok 93 9
tHLumme ef al. 1995). 52

10

© NH,'9} NO,™ & Qs of
w3 A 7HEA ol A = g')FS B AME PN B9 s
2 284 HBrumme ef al. 1992). £ RS HE &
proton(H )(Shibata et al. 1995)3 AH =7} & ¥l A=
223K Cape ef al. 2001), 8] A@HoZ 7h2 ke
9} N0y & ol Axstd FARD AAE Bo) Freke
b 244 7S wo] S53ke AR 2 A tiSchulze
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Table 7. Comparisons of ratios of precipitation ( zeq/L) to throughfall ( req/L) and precipitation (eq/L) to stemflow (xeq/L) in coniferous and

deciduous forests at Gwangneung with at Kwanaksan

Na* K Mg™ ca™' NH,' cl NO;~ S04~
Throughfall/Precipitation Ratio
Coniferous
Gwangneung (G) 23 16.2 4.6 3.0 0.6 55 0.4 20
Kwanaksan (K) 33 34 4.1 2.6 3.1 4.1 5.8 26
Deciduous
Gwangneung (G) 35 20.0 43 2.6 0.1 4.7 0.3 1.6
Kwanaksan (K) 22 35 22 1.5 1.9 1.8 1.8 1.5
Stemflow/Precipitation Ratio
Coniferous
Gwangneung (G) 2.7 16.0 4.6 2.5 1.0 6.8 0.4 29
Kwanaksan (K) 4.0 4.6 7.0 4.8 5.5 7.5 5.3 74
Deciduous
Gwangneung (G) 20 15.1 37 5.0 0.7 5.8 0.2 2.1
Kwanaksan (K) 22 7.4 37 1.5 1.6 2.7 2.7 27

et al. 1989 Brumme et al. 1992, Cape et al. 2001).

PR S NE] AN FE Aol NH'}
NO; & Fote] 48 A(sink) 0.2 2-23)x)uk 1 whe] o] &
& Akl *ﬂﬂ(source)oz 483 B0l Sa0] o3
Na'e] Z5-& Cl7 9} o) S{PolA frafsles Roz Fex T
A HCape et al. 2001). e o] S8l Feb (A
D) T 7 - 27090 AASAY A4 BetEo] WEY QA
W o]23 ARY) AAM Algd Ro) g,

2) EYE9 0|2 & M3}

TH T 7 43147 YA forest floor)ol] Hojx|w
A EYE9 ¥7) 5o ojH H3E FE71S A9gEE
Fh Table 82 AP HIE, 3 B35, 7+ Gak 2
EY 03, ES 2 BS& AXEA oL s} wshs 348
£33 Ao tPhrainen ef al. 2002). &7} X AHF g2
d2 o] B EY glo] BE HiBo] £33 $7+S AHA
el HojAth

?J”EOH mopq Z~3} E;r,]._/r_g} /~ 03 /-x_ 4%7]_ Oi
<, M%7t OE 32, 12%7} O+E+B 22 E331%t) 029 o]
L FEE 78 B $ER, sof‘E A 9)8}7, Na', K,

Mg 2 Ca"7} 22 14, 16, 2.5 9 2309 92 Boroh T8y

i—°4 8047 $EE 4% B34 ARt B K e} G
TEE 03, ER ‘3! B3 W EStth o9} 7o) =3 B39
29 o] 5L EdFel ol WaZ4E 557} Bold

ok thaZk 2Hd ZstEe] Bol e S Sollings] PR
Hhbroh SA7HE] & EYS o] 2E EE(130~240 z2mol/L)
B} 80 em Z00)¢] BFEE(160~370 umolL)o] U242 9
THMatzner and Prentzel 1992). J.ELT’_ TH 359 50% oAt
<] proton(H) S I} G712 E457 G714 o) 23} 7
3t pH %S ¥ cKShibata et al 1995).

olojA F4 S 3 (total throughfall = throughfall + stem-
flow)7} 7ol GolZl Hof o8] EYEE AXE A4 Ay

Table 8. Volume weighted annual average concentrations of major
ions in precipitation, throughfall, stemflow and soil per-
colate under different soil horizons of coniferous forest
during 1993~1996. After Phrainen et al. 2002

Na' K Mg* Ca® S04~
(#eeq/L)

Precipitation 8.7 5.0 1.1 43 13.6
Throughfall 144 356 6.5 14.2 323
Stemflow 317 183.6 23 65.3 779
0-horizon 19.8 58.4 16.0 33.2 23.0
E-horizon 25.8 63.7 153 26.2 343
B-horizon 294 39.2 13.5 20.7 400
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H7)2 HTHTable 9). F58 TR 0122 off BoFEdA
B Agd ke 917t Aasu AFSEE St

o) WA g 1d 5o B4 B M H G
SE 47328476 eq -ha” - yrT ol 1T 0FolA Zh2} 149}
2eq-ha”yr 7 MEH T, ESo) A 247} 2354 56 eq - ha !
cyr 7 BAEE, B2 247} 165 30 eq cha”' - yr T Ah 1L
= ATKTable 9). 1241} B ©]3}2 Algsli= Mg 3} Ca'2
TeE T8 5459 47 25%4 15% Ak

I8 F53 SR K 050 Il eqe -ha ' - yr )
7F BRHJAT e FIEYLRE T8 ol B
k. 2EA BE ©3t2 AgH e K'Y FRE S50 S35
A% %At 123 FRd Fool 93 50,79 fdHe
159 eqe -ha™' - yr ‘o] AT OZ oM R e -ha” cyrTIF B
frE3, 1 59 d%7t Mgdo] ESolA 14 eq. -ha™' -y

7] 3 dete BE Ad A S 425

7t BZo| A 30 eqe - ha ™' - yr' 7t HAEATE BE o]5HE A
2HE 50, 9 FEE A% 15%]30rk BE olskz Agd

FANN NE L FFE FAGO) 9T B AR o
29) e inpush AFFE Fe oIk FEoupu)d) FS
A @) WA GO F5) Table 109] TSATHYou
1994).

Table 9. Mean annual deposition of major ions in total throughfall and the retention (+) or the leaching (—) from under the different soil horizons
during 1993~1996. Values of parenthesis are amount of leaching below B-horizon. Percentage value in parenthesis stands for ion percolated
below B-horizon to total throughfall. Data are converted from Phrainen e al. 2002

Na' K Mg ca™ S04~
(eq -ha™ - yr)
Total throughfall 68 181 32 76 159
Soil retention/Leaching
0-horizon +12 +14 - -22 +92
E-horizon +16 m 23 +56 +14
B-horizon +21 +80 +16 +30 +30
Percolated below B-horizon 20(29%) 15(8%) 8(25%) 12(15%) 24(15%)

Table 10. Precipitation, annual budget of major ions in eq - ha™' - yr™" at coniferous and deciduous forested watersheds at Gwangneung during
1992~1993. + stands for net gain, — stands for net loss. Data are converted from You 1994

Coniferous Forest

Deciduous Forest

Total Throughfall Streamflow Net Loss Total Throughfall Streamflow Net Loss

(Input) (Output) or Gain (Input) (Output) or Gain

H 50 1 +49 26 2 +24
Na' 468 1,057 - 589 513 1,758 ~1,245
K' 1,242 127 +1,116 1,893 206 +1,687
Mg™ 468 641 - 173 591 1,086 — 495
ca® 391 626 - 236 491 908 - 47
NH, 299 ud. + 299 50 ud. +50
cl 1,066 728 + 338 1,088 924 + 165
NO;~ 53 1 +52 43 2 + 41
S04~ 2277 817 +1,460 1,466 1,155 +312
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F5% S ol £ B AEAe] ReHE oL
ATEE 71A QA Hog Zast oleoR FREN K,
NH,', CI7, NO;~ € SO,/ & R85, Na', Mg" 2 Ca¥'= 7+
2ET FAFHIA 9] B g 250 B o8 o] &
o] Y FS Fol &2l Na', K', Mg™, Ca™" 2 NH,'7} 217} 468,
1,242, 468, 391 L 299 eq -ha™" - yr'o] 7, S0] 29l CI°, NO;~
2 S04 7} 242} 1,066, 53 2 2277 eq - ha™' - yr o), B3
PollA ol 2L 237} 513, 1,893, 591, 491 2 50 eq -ha ™' - yr~'
o], ol & 7z} 1,088, 43 L 1,466 eq - ha ' - yro] gl
(Table 10). 2o 213 o) AHF MsAGA o) 9] 73}
ZFL 420(400~550) eq - ha ™' - yr o)W 11 2] AN et
30%= A lch(Park and Lee 2001a).

5T 53950 93 Na'S 95U 3947 BeA )
A FUYHA2 4685} 513 eq Na' ~ha ™' - yr )BT} &2
7H 1,057} 1,758 eq Na" - ha™" - yr™')o] Aomz AMejA ur
oRo| gae 2540 B934 7hzh 130%9F 240%0] 3Tk
Mg 9] f-d2H(Z2} 4683 591 eq Mg™ -ha™' - yr )& 2
(27} 6413} 1,086 eq Mg™ -ha™' - yr )HC} B0 =2 A
o 20) Zhaeke 9)3ke] Zh7h 37%9) 84%o1 0Tk Ca' i A
FHH BEFYAN S A7 3917 491 eq Ca* -ha ™! - yr )
& HEH 27 6267 908 eq Mg™* ~ha ' -yr R AQome
AEA o] AR G9iake] 247}t 60%9} 85%0] 1tk

I K'E Q5 8BS SUW T 12429
1893 eq K™ -ha™' - yr )& §Z2Kzbz} 1275} 206 eq K™ - ha !
-y YRETHEo B2 §9)ake] Zhzt 90% 9} 89% 7+ e} A o)
HAEA0h NS 39593 89599 QAo 2+ 2999
50 g NHy' - ha ' - yr™'7} 09 2 Al Rol = 72 HR) Qg
S Eg ZbzH100%7} RAE ATk O = AQ95d3 89599
A (22t 1,066 1,088 eq CI™ -ha™' - yr )R} $2 2z
7k 7285 924 eq C1 -ha ™' - yr Yol Ao B Fel2ke] 7z}
32%9} 15%7F AEiA o] BE5 Ak :

N0y & AGSYT BAFH) FI 22 535443 o NO;™
cha”'-yr huT 2 1392 eq NO;™ -ha™' - yr o]
HUOBE FYT 27} 98%3} 95%7} AelAe] BaET
2z} 2%k %7t ARS8 Bate] ZAE ) 7104 NOs~
7FARTFE B3 FaHE AL FEAD 29 1G4

& FHold BYFPL A5 E M9 NOy~ 7
Aol HAYA Aolk

8047 E 248 5342 AXN Y958 894Yo R
o KU 22775} 1,466 eq SO -ha”' - yr R} $=
22 8173 1,156 eq SO~ - ha ™' - yr o] HomE &9
el 747} 64% 9k 21%7F AEjAlo] HAE A0k S0 o) Sz
< R AYsgo)] 51%HE 2ok 11 9oL oy
Aol B2 JEreel 44 datEel $0,9 0479 dojHE
o] IA=N] wjEelgty Ak

e 489 2719%28) K, NH % NOy ™ & 257 Ale)

Aol BHE9A Mg % Ca¥'e 25T Ho Amsis

e

5 FT AN A A28 A A6

n}9} 7ro] HIE &9 proton(H")3} 9 22 2] Brensted 2F37)7}
23st] Bo| FU4E K's AeA el o] B4k 1
U A EGNN B A7 e Mg 3 G e ARsE
F2F Aotk NH7F AFSolA AEEA @& o4+ A
3} 8o 93l NH, 7} NO;™ 2 A8 Q7] &Y Aotk

5% A0S Bl AT FYFE FollA Yol
9] FH2868 eq - ha”! - yr )2 o) 9] 3396 eqha -y
B 2% HJL, AR A% GE5F SN Fo)29 &
(2451 eq -ha' - yr )& So] 9] $H1,546 eq -ha ' - yr)H
o 63% Wokth 18y QT2 Y fAT oA ol
o] 33,538 eq +ha”' - yr ) Lo]29) F1,466 eq-hal - yr )
BOF73% BT, §5F Fo] Foleo) (3,958 eq -ha -y
2 o129 $2081 eq -ha ' - yr )BT} 53% BRI o] A
= AAHAANN FdEFG FE2F T ol Lol
F%90] o7l gL ez Yok

Lindeberg 2 Garten(1988)2 4= B3 £:9] $9] 86~98%7}
4 ZstEAA frEsted Eh4E I $9 50% ol4kel, A
AFHE 30% ool BlZo) AAA 53 Eaeo] THYT, &
AP PSS BRI FYF AP0 R 9 AN AgE
= S £ B34 89 52 74%HE AL Uk A 32
o) G FYFEE B 590 S04 & 7z} 1,4605% 312
eq SO/ +ha™' -yr~'(70.113} 14.97 kg SO +ha”' - yrY) w
24 2547 Y Aeltk

S& 25 (sulphate adsorption capacity)2 A& A| v}t T} 2] B
o] g o2 ohu|H EEA HEYS o]F 7 T o)
o %S AEA vroZ f-&dchGalloway 1995). o213k &
ol X S7HAFTE FEHT TE5Y AuAe 8o 33y
of Juky #WHE 4= 9ln). sto g7 ¥ty AR = o
TG FE B £ 8 32 0.0088 eq S/kg soil ] QTHE =
1998),

ZHehs A4ty 197039 thake) SE wiEste] Aol
AFstSA Bohemia AWH(A 810l A 342 HH 3 = s7}
3132 1980 3TH 9k 1994\d0)l 247} 2,081 eq S -ha ™' - yr !9}
1,109 eq S -ha™' - yr ' E AE T, AR S0 EEE 7}
Z} 1,560 peq/L$} 1,164 peqLE ZHAEM A RS S §28
& 773813 eqS -ha o yr 9} 1375eqS cha - yrTlE 2
AHREH FHEAFH L SHIE/)ZRE Zart AR w7}
A& 43 A 717 Qo] AFHJTHCerny 1995). 2o
Sl A 8] FFslEo) Al&ste] AW F5 AR5 S #
295 7ha" A0 T AR 2005).

HlEd 93t F9€ o]&o] drhy AFSEZE fE2HE7
g Yolry] Aske] WIS H, NO;™ % S0 E=o thgt A
Fr &9 ST o] FT HE AN 23 JAErE 89
FYo A BF 1 o)3to] 2, Na', K, Mg™, Ca™ 2 €I %9

A
£

£ 1.2-5.701 9T Table 11). ©] Fohz WEo] £54) AuA
o 3t BFE FAshs FUol WEA H, NO,™ 2 507
& el MRS N, K, Mg™, Ca" Y CI & ARFE §
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Table 11. Major ions of precipitation and streamflow, and ratios of stream (S)/precipitation (P) at coniferous and deciduous forested watersheds

in Gwangnung

1 -1

Precipitation (P) Streamflow (S) (eq - ha™ - yr ) Ratio of S/P

(eq-ha™' - v Coniferous Deciduous Coniferous Deciduous
H 52 1 2 0.02 0.04
Na' 308 1,057 1,758 34 57
K : 104 127 206 1.2 2.0
Mg , 231 641 1,086 28 47 ..
o 154 626 908 4.1 59
NH, 320 nd. nd. - -
ol 290 728 924 25 32
NO;~ 104 1 2 0.01 0.02
S04~ 1,702 817 1,466 038 08

ol AT Qg HolErh 53] H'9 S04 & Bol B4
AL, Na', Mg™, Ca" 2 CI™ & Bo] Zastgith o] Az
A 7hskEel thated 4 AEjA e whatgo) 3¢ BFET:

4) =AML Yol2 MIEt 7|=

EFE TR K'E 259 A95EH B4 Bt
Ao} ASHT BokThFig. 6 FX). 1 90 o) F3lo) A
T 7FA 7HdE A9 E T 9JthFig. 7)(Cronan and Reiners 1983).
& AR, NE £9) 737 AT Brensted F47(to
FEHE F83H 22 Tk o] )7t YolA Algse] okt
ofut B EE AAEE FAFY, A, WE £ proton
H)7 T3 o) 9] o] o] Q) ¥ FAP K T I 9

H

Leat Surface * Exchange

) {e.9. XO)

Reactants: H:S0, + KO

Leachable Products: Reactants: H.S0, +

Exchangeable K’
K:SO. + 2HO

‘!1 Products: Leachable K:SO.
B+ 20 + Exchangeable H'

Fig. 7. Postulated neutralization mechanisms of broad leaves. The weak
Brensted bases (e.g. K) may be either organic or bicarbonate
salts of K', Ca* or Mg2+. Likewise, the neutral salts that
tesults may be derived from sulphuric or nitric acids. After
Cronan and Reiner 1983,

o] Fol 23} wgHate] Agdth o FAFoA HE 49 fg
H7F AAEZ F3M G714 ol o] Algdt) o)A 3t
o AT A G710l Brensted FF7|el 93t BIE
&0 7S 30~50% T2 Z3§}si,

Rhyu 3 Kim(1993)0] i+, A7, 71vkiv+e] Yol pH
30,3540 2 569 A3 A HIEMHS0)S] P AEE AXF
9 32 AgY $9) o] = pHY $EFE 51, GFE
A EH9 A4 7etEe] AAR F g5t F43) RolR=n
Hisle] K'e AlgsiA Mgss 202 Hol 9 49| Brensted
FA7)7t Mg 49 H'9F wolshs 208 s4dw, Ay
1,000 mL 49 Ca"/K' 5% vl 32354 271t dof
A1 oPdRIdl BBt T SlellA] | o]}l Ao Z Hol AF
Fol wet o] & MEe] Solido] Fo] AFHU HAZ o
o] F2 3 n2EE 4T3 F Y 01 pL 279
NS AZNNEA H7F 9 9] 9714 ol &3t w s}
o] A E= Ca—S 3}3E-2 pH imaging microscope & THE3}=
A7} o]F o HtHKohno er al. 2001). o]ol %A Fairfax$}
Lepp(1975):= pH 39] Q17 44 BIE-S gl Sloj AEsje] ok
ol 29 M-S HEAsGh

Tewe|o| AE WIT AE 4T U

1) ZHepele| A% M

pH7E 92 A Ekoll A B 7[ckAuT-o) A8E(fine root:
<2 mm in diameter)= 2L F7)Ecko] A7 W7 S T E(top
soil: 0~5 cm depth)\} S (litter layer)ol] Wo) W AL @
g 7 ek GATH 10 emP Afe] ] ZHEE) 9] kS 100%2
SR 9%, 05 om% B 510 e 9] B 9] FS £4lo]
TPHEFE Sl Y Fol B 0~5 cm$ 3 5~10 emF
o] AL 1 Wi ATHFig. 8)(Rhyu and Kim 1994c).
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A& 4 60 km H9) W] e7|hAR &S B, w9 2
TEANYGLE TR IHF, 05 amF B 5~10 cmBo| A
Ao} S AFBAo=Z AZFS A} 747 309, 483 2
20.8%0] 3, A Z+z} 217, 61.2, 17.1%0]H, &R Qo A]
Z+zk 9.0, 62.8 2 26.2%] A thFig. 9)(Rhyu and Kim 1994c).

27Ichauhie) e 7 A Agshs A4 B A
Z7ok Mg 20l 2)3le] FrE%o] ofd HdgEos wWe
o] 4o g ZWEchRhyu and Kim 1994a). ZH¥a]7} e
% BRE MEOoEN JhEo] ALEHE U I AGe 8
“3e(water status)7} Wb A9 02 B8 % thRhyu and Kim
1994b). Fobgt EF 20 A3k 429 F /A A, 2
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£8%
FE
FEIN:
897
& Bl .
§or coL
230~ ..‘ . oo .
B ry - . . *
E . Pad
S BE T . r=0.462 (p<0.01)
@ % 10 20 30
40 50 60

‘ Distance from urban center of Seoul (km)

~ Fig. 8. Trends of relative amount of fine roots of pitch pine grown in
litter layer, top soil (0~5 cm depth) and subsoil (5~10 cm
depth) along distance from urban center of Seoul. After Rhyu
et al. 1994.
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Fig. 9. Comparisons of total amount of fine roots of pitch pine in litter
layer; top soil. (0~5 cm) and subsoil (5~10 cm) among urban,
suburb and rural area. After Rhyu and Kim 1994c.

A

SR EE A A28 A A6 S

WAl(tolerance) 2} 7] (avoidance) oA €7tk 2R
g 7)9 AFE ste A0 2 s F thiMarschner 1991).

for

2) HE 4%

o] 9 FEOE Rt TAG A EANA ZaEe AF
o]21THTable 12 2 Fig. 10)Rhyu ef al. 1994). S 9, 11~15
HA) AF AL T4, 29 2 FEAGANM 712191, 218 B
261 mm(100 : 114 : 137)2 50 242 Ho] AsiiFig. 11). &
Aol 7W7AEE e e A £9] Cadt Mg T2t ZaE Y
Al 357} F7hste @45 43802 985 tHRhyu and Kim
1994d). o]X ¥ 1M EFeAE 27|vkavbrE te] o] A
AR Aol ol - A, e AF] FUIYGE 1T
5ol AAA A& Aol AMstEHe ZoE sfMEth

& HHZe WS

Huhgk 4] EYellA AEshe 2Re S0 FAT ¢
& got A Eo] AaEE @] ZAEJITE UEEEdA
A4 ZhstEel ojste] Auket A B A HISE A
A AFAE FAehE 2hAlgreat tit) o] HAIE 2717 S
02 7 Apo|g oty 913t 61 7k 4] JHE ZAH
THDrent and Woldendorp 1989). &7 &e] A8 §IAY JAE &
F3te FehsA] Roke AT & FaE A B¢ o
HollA 57%[ L B S AFollA 40%%rh 183 HEY Al

Table 12. Average tree age (year) and annual average ring width
{mm/ yr) with age classes in pitch pine forests at urban,
suburb and rural. after Rhyu et al. 1994

Tree age(year)

11~15 16~20 21~25 26~30  1985~1989*

Urban 191 £ 052 1.58 + 0.82 1.39 £ 0.80 1.07 £ 0.50 138 = 0.90
Suburb 218 + 0.67 1.63 £ 045 1.62 + 058 130 + 041 1.69 = 0.63

Rural 261 £0.79 233 + 068 186+ 0.55 119+ 042 247 + 113

* Annual ring width (mm/year) for the latest 5 years from 1985 to 1989.

4 t=0.400. {p<0.05}
* -
*
L o
®e
L

» -
P we . .

Annual ring width {mm)

0
510 20 30 40 S0 8o 0 10 20 30 40 50 80

Distance from urban center of Seoul (km)

Fig. 10. Trends of average annual ring width of pitch pine with 16~20
year-old and grown for the latest 5 years from 1985 to 1989
along distance from urban center of Seoul. After Rhyu and
Kim 19%c.
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Fig. 11. Comparisons of average annual ring width of pitch pine for
11~20, 21~30 and 31~40 year-old trees grown urban, suburb
and rural area. After Rhyu and Kim 1994c.
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Fig. 12. Percentage of territorial breeding pairs of great tit with no

%, territorial birds
living poor soil forest, x---x; non-territorial birds living

eggs or eggshells of inferior quality. x

poor soil forest, O——O; territorial birds living tich soil
forest, O«----- O; non-territorial birds living rich soil forest.
Numerals on curve indicate a number of pairs of great tit.
After Drent and Woldendorp 1989.
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Table 13. Calcium ion concentration (meg/kg DM) in leaves and nee-
dles of various tree species. After Drent and Woldendorp

1989
Tree species Acid soil Rich soil
Betula alba 5.89 + 0.23 6.59 + 1.24
Fagus silvestris 3.74 +0.40 6.68 + 0.70
Pinus sylvestris 3.34 £ 035 524 £ 036
Quercus robur 3.34 + 0.35 5.39 £ 035
Quercus rubra 3.19 + 042 434 £ 0.75
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