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Experimental Assessment of Forest Soil
Sensitivity to Acidification
- Application of Prediction Models for Acid Neutralization Responses -
Seung Woo Lee’® and Gwan Soo Park’

2 %

Eoke) 4h3s whg ARE vebde 9714 ol fA Al 7HEA Foke A HEAF
ehd 7)o A9 FED SAolch, wetx AP RS A4 UAEE A e ATH HEE B
o} golstAl Frlalr] st BYAAE QUAE o) &7 A3 uhE IS EHE ANdstgich. A
Aol Ak, 43, g4, FAe BEGANEE §Y AdE2E 3w (KK0.05), olw EFHY AP
A F7F AR-91(16. Tmmolc/kg)ell HE A AE F AFHF(ANCw)F ke Al 28 A elA
g7 %3 Al 43171 FR AFE Zgelgl e, £ AFdtee] ¥ AHdFE AR AT

& ubd Al 48 AHFEge] FA EHEsch kel FA 23 AREEe dRAgsl FAHdA
744 Eou AFHEE 6.4% R S & FEIGT BN E QRS o] §3te] B whE
& &3] AT DoAY H dFAARY e $ARGASE A 0.52(0.04)2F 0.89(40.01) °l
Aog olF HARYo]l B W) Fal A WEE dEshed] v} folstA E8d
ez BekE g,

ABSTRACT

Increased base cation loss and Al mobilization, a consequence of sail acid neutralization responses, are
common in air polluted areas showing forest decline. The prediction models of acid neutralization
responses were developed by using indicators of soil acidification level(pH and base saturation) in order
to assess the forest soil sensitivity to acidification.

The soil acidification level was greatest in Namsan followed by Kanghwa, Ulsan, and Hongcheon,
being contrary to regional total ANCwy pattern through soil columns leached with additional acid
(16.7mmol. H* /kg). Both base exchange and Al dissolution were main acid neutralization processes in
all study regions. There were low base exchange and high Al dissolution in the regions of the low total
ANCy. The ANCwy by sulfate adsorption was greatest in Hongcheon compared with other regions even
though the AN rate was very low as 6.4%.

Coefficients of adjusted determination of simple and multiple regression models between soil acidification
level indicators and the acid neutralization responses were more than 0.52(#<0.04) and 0.89(£0.01),
respectively. The result suggests that soil pH and base saturation are available indicators for predicting
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the acid neutralization responses. These prediction models could be used as an useful method to measure

forest soil sensitivity to acidification.

Key words : forest soil, acidification sensitivity. acid meulalization respomse predicting models
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Table 1. Physiochemical properties of soil (-30cm depth in Pinus densiflora stand for four investigated

regions.
Rexi pH* pH® OM® - Exchangeable cations (cmol./kg) BS'
BN (H,0) (CaCl) (%) H AP* C& Mg&® K' Nat CECE) (%)
NS 4,24 3.8 267 SL 1.56 8,92 0.3 0.19 0.14 033 11.39 8.4
KH 4,71 417 4.45 SCL 0.9 9.22 0.48 0.16 0.17 032 11.32 9.5
Us 4.79 4.26 2.92 L 1.12 13.26 0.96. 045 0.14 0.38 18.45 11.7

HC 5.65 4.94 3.62 SiL 0.18

3.28 4.62 0.8 0.30 0.43 3.24 584

NS, KH, US and HC denote Namsan, Kanghwa, Ulsan and Hongcheon, respectively,
? soil : distillated water(w : v, 1:5), ® soil : 0.0I1M CaCl(w v, 1:2), © organic matter,
4 soil texture, © effective cation exchange capacity, ' base saturation

EJAR(NE g, 2547188 EAEE Aw
dsltgict. olw EA 30cm7Ale] BF PEE(C
At 1.38, 73} 1.02, €4 1.16, ¥4 1.16g/cm®)
£ n@ste] AW BYFA wolE T,

AR Qi A = pH 3.0(H:S04 : HNOs=
3:Deler, #F 630mmE T 63mm/Y
(6.3mm/hr)¥ 39 A2z el KA,
% FLol&(HY) %3S 16.7mmol/kgol ™,
Ate] (S04 ) A Aol &(NOg)e] #3haFe 7t
7zt 12.5mmolc/kg®t 4.2mmolc/kgeldict, i3]
Ard 2ofidse pHE ST F 9714 ool
+(Ca®", Mg®", Na*. K*; ICP-AES), &ol&
(SO, NOs’; Ion chromatography) 8 &4 AlB-
hydroxyquinoline butyl acetate; James %, 1983)
o] AR} o] L),
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o2 zZkEsigicl. 7l1abH AHE3E(AN rate)d
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AArstd (4] 1~4),

ANCu(mmol./kg) = Total input of H'— total
output of HY-vnii(Bq. 1)

ANCum(mmol./kg) = TBC exchange + Al
dissolution + Sulfate adsorption
+ Nitrate adsorption -+ (Eq. 2)

ANCo(mmol./kg) = ANCy—ANCwm-+-(Eq. 3)

. ANCy
AN rate by each mechanism = ANCy %100

u - hydrogen budget,

o * other mechanisms

TBC : total base cations(sum of Ca®", Mg?*,
Na* and K)

M . main mechanisms,

4. MRy

EGFAAEE A B4R stn 43l
A8 A5t WbE ARE S54SR ¥ S
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Institute Inc., 1989)& ol-&3lgcl, Eui4qe]
§ 9% g d3gAegle] 2858 vla
317} $1sled =3 A A (adjusted determination
coefficient)& A-8-st¢lc},

da % o@
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9 3¢ pH(O-30cm)& w4, 73 o &
A 72k 4.24, 4.65 2 4.792 d2A 4l
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(5.65)7 wlmsted ikl sick(Table 1). 1986
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B gabst 4k ok B el AR
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Table 2. Quantification of total acid neutralization capacity(ANCn) and ANCwm by each mechanism
generated from soil 0-30cm depth under the simulated acidification condition in total 16.7mmol.

H"/kg input rate for four regions.

Total H* ANCwm by each mechanism(mmol./kg)
Region ANCH' consumption TBC Al S04~ NOy R
(mmol./kg) rate(%)" exchange®  dissolution adsorption®  adsorption others
NS 15.2d 91.1d 4.1(26.9)d 11.0(72.9a -1.2(-7.8)d -1.0 (-6.8)ab  2.3(15.3)c
KH 15.9¢ 95.4c 4.729.T¢ 10.767.50 0.3 1.7Mb  -1.7(-10.8)c 1.9(11.9d
us 16.3b 97.5b 8.8(54.)b  5.332.5¢ -0.7-4.2¢ -1.4 (-8.4)b 5.2(21.8)a
HC 16.6a 99.7a 12.6(75.6)a  0.52.94 1.1 6.a -0.7 (-4.2a 3.2(19.2)b

Note : Results are mean of two replications and same letter are not significantly different at the < 0.05

probability level.

Values in parenthesis are the AN rate meaning the proportion of ANCwm by each mechanism to ANCh
® total input - total output of H, ® (total output / total input of H) <100
¢ TBC means total base cations(sum of Ca**, Mg?", Na' and K*) leachated by simulated acid rain

d total input - total output of SO or NOy

¢ ANCu - sum of ANCwm by four main mechanism, which means other exchange or protonation reactions
including the protonation of soluble weak acid anions
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Table 3. Simple regression analysis of acidification indicators and acid neutralization responses(mmol./kg)
of forest soil to additional acid input(16.7mmol. H* /kg).

Variables X pH(H:0) Base saturation
v Simple regression model
y = 0.949 x + 11.339 y = 0,018 x + 15.509
Total ANCx (Adi-R = .824, p = .0018) (Adj-R = 517, p = .0445)
ANCwy y = 6.294 x - 22.768 v = 0.142 x + 4.421

by TBC exchange

ANCwMm
by Al dissolution

(Adj-F = .886, p = .0005)

y = -7.908 x + 44.890
(Adi-F = .869, p = .0007)

(Adi-F = .770, p = .0042)

y = -0.181 x + 10.782
(Adi-R = 716, p = .0038)

ANC and TBC mean acid neutralization capacity and total base cations, respectively.

Table 4. Multiple regression analysis of acidification mdwators and acid neutralization responses(mmolc/kg)
of forest soil to additional acid input(16.7mmole H* /kg).

Variables Multiple regression model Adi-F p value

Total ANCH 2.144pH — 0.031BS + 6.261 .887 0043
ANCw by TBC exchange 6.818pH — 0.013BS — 24.996 .896 .0062
ANCwum by Al dissolution —7.691pH — 0.006BS + 43,965 997 .0001

ANC and TBC mean acid neutralization capacity and total base cations, respectively.
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Table 5. Predicted acid neutralization responses(mmol./kg) and extemally studentized residuals from
simple and multiple linear regression models for four regions.

Predicted value from SRM Predicted value

Soil reponses Regions
DH BS frﬂm NIRM
NS 15.37(-0.86) 15.65(-1.29) 15.13( 1.03)
KH 15.75( 0.58) 15.68( 0.52) 15.94(-0.57)
Total ANCx USs 15.89( 1.76) 15.72( 1.47) 16.17( 1.76)
HC 16.70(-0.45) 16.57( 0.12) 16.58( 0.58)
NS 3.98( 0.09) 5.54(-0.83) 3.87( 0.18)
ANCwm by KH 6.50(-1,64) 5.77(-0.58) 6.58(-1.73)
TBC exchange Us 7.38( 1.21) 6.08( 1.89) 7.50( 1.16)
HC 12.79(-0.22) 12.71(-0.10) 12.74(-0.16)
NS 11,28(-0.17) 9.35( 0.74) 11.24(-0.14)
ANCwm by KH 8.12( 1.84) 9.06( 0.75) 8.15( 1.78)
Al dissolution Us 7.01(-1.01) 8.67(-1.82) 7.06(-1.12)
HC 0.21¢ 0.19) 0.22( 0.14) 0.19( 0.19

NS, KH, US and HC denote Namsan, Kanghwa, Ulsan and Hongcheon, respectively.
SRM and MRM mean simple regression model and multiple regression model, respectively.
Note : Results are mean of two replications and values in parenthesis are externally studentized residuals.
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