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Soil Solution Composition and Estimation of Element

| nputs and Outputs of Fushan Permanent Site

Pin-Chieh Chen

Abstract

Water is a crucial solvent for forest ecosystem, which serves as a carrier of
element input and output fluxes. Soil solution chemistry provides insight of available
nutrients for plant production with various temporal and spatial distributions of complex
ecosystems. Studies of soil solution composition have been used as instrumental means
of improving knowledge of basic ecological characteristics of a study area. Chemical
analysis of soil solution is, moreover, used to assess the reaction of forest soil in the face
of anthropogenic acid deposition after industrial revelution. The objective of this study
is to found water chemistry databasc.of throughfall; surface runoff, and soil solution of
Fushan forest ecosystem permanent si’té; ar}rd also to ‘estimate the elemental inputs and
outputs of Fushan site. Throughfall, surflau{é:"é- Tunoff, and soil solution were collected
monthly both in Inceptisols and Ultisols alf'éa. Bach research area was divided into 3
replication study plots and collected: soildolution from December, 2007. Percolation
solution collectors were installed in fhe bottom of ‘A and B diagnostic horizon at the 3
different study plots. Throughfall and soil surface runoff collectors were set up just
nearby soil profiles. The items of soil solution analysis include pH, electric conductivity,
dissolved organic carbon, major cations (K, Na, Ca, and Mg), minor cations (Fe, Al, Mn,
and Si), and major anions (CI, NOs, POy, and SO,4). The mean pH of throughfall is 4.7,
and is changed to 6.4 after it infiltrated into the soil pedon. The raise of soil solution pH
value suggested that the Fushan forest soil can neutralize the added acids from the
atmosphere by its buffering capacity. The mean Ca concentration is the dominant cation
collected from the soil solution is 341 peq/L, which was higher than 20.9 peg/L of
throughfall and 42.4 peq/L of surface runoff. The increased Ca concentration in the soil
solution could be one of the mechanisms that Fushan soil buffered against the proton
input. Despite of the uncertainties in the estimation of nutrient budget, the results
indicate that Si, Ca, Fe, and NOs ions has larger output values than those of input values,
the loss of Al and Mn of Fushan site is limited, and K, Na, Mg, Cl, and SO, ions are

U



retained in this forest soils. Element output values can be overestimated based on the
soil solution collected from the lower boundary of B horizon which was defined as

output water in this study.

Key words. Fushan forest ecosystem permanent site, atmospheric deposition, soil

solution chemistry, nitrogen, sulfur
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BEFPRLZED S 0 F S BB ABESERM

Lin et al. (1996) ** 1994 1 1996 & # [ tif LSk Ric b & k22 5 5k x &

FHRpRME S o Frp2 il > it RS HBAL ERA > T E
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mﬂ]@ﬁﬁlﬁiﬂi“ T2 AU EBE28% 3 mmol/m’ L EHEF S ABELS T
2_ #+4p 1T (Lovett and Kinsman, 1990 ) & [Z48 % £ (2003) » 4-¥4m.L % RB#E
o AHEHREPN AR S TR S EROR S 2 HORE R B o TRl % 4
TAR LB B2 RCE pH ¥ B L 460 ¢ B m?v]?] [iE et ENTHLE I TR i e
R o 2B A BfS R ERY o pH ETEKA TN 750 &7 iR
Eg P ArpiiwtEenig 4 o BT E2 RS R AR L R A B A endy AT 14T -
G F BERREPRET A2EY TRAINADRE S PEERET S EDRY

AP A A Sl ~ 2 2R PIRIT T 7 o Liu et al. (2008)
2001 % 2004 # F A5 LB p A A58 23 ~F s WM Be ¢ TP EA
eihm A o A T Ap o R D = UG ATRIE 2 2 BB R pH AR E BT
RS o FHRT LA BB R 2 m«;féﬁi %?'E‘ S Ao 55 0 T oA AR
B et KR TR s Ed«fr%%“%ﬁv* ORER = BH e R BIREI G

BT B R o aﬁ.
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¥ HEE-E
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™

31 A3 ¥ % ERE ML

311 =2+ %

AL A A B R E RS KR w AR LR R A (M 24034 L
121°34°) » & A 2 pEEEE A S 5 30 22 > ARMEFFH H 16 22 5 5- KA
2 A RBEHRET c BAARE L AL § HERR L FkR AR K
%o AP EAFLYL EFT 3Pé (Taiwan Long Term Ecological Research, LTER)

T P — o R F 2 .1;_1'»[: kAt B AR 2 1P Y 400 2 T 31400
N fdefe 20 (1419 2 85 ai ; b:L, (1138 28 ) & 2 2 A L (755 =
©) oG AE K 1098 2E (F 19q7, 4:951% 2 1998) (1 1) -

HENZ LA LA R marb&»l 945 L \ AP F O BT AL 2 R E
EBF 455002850335 T*“/?Jfé_ B H w625 B 20 x 20 m® &)
> (Suetal,2006)° th % P] T g LS RE] T - 1FE 500 2 % v A e 2
B oyt AR > & 202 Lo BRI E 100 24 P ELS A
chingE e (FH2e > AR Rt endRs ) * ot A ELgr A me o 10 % B B F
d 2R AT HRT 0 FIE 108 20 2% o AR G Ze o et TE 25 o
2 T (plot) 24 5 625 B 20 x 20 m* 2 = > F T G R ARG & BA
BB L AIEREE AR TR o B REARY B P es T APASAREE 10 2 R 2

AERZPPHG L NFREREPF - ABAPRI ROT A SR THRT X
BHUEFAFE (B2 B3
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Fig. 3. Three dimension topography of the Fushan permanent site
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312 51

AL Rk BAA I PR LRFF G R AR REN T4
AAERF REF PR Ko Fpt o 330 2E2 ¥V F AP RDECE A5 LAY P
W R FHET  ABL2ZEA R TS 4271 mmo Ea& pid 225 % > Tio
AR R 95% 5 EEE G 182°C v B4 P 35 11.8°C 0 B ! 35iF 24.0C > 4@l

12 & (1993-2004) T 355 % FAL4oH 4 7 (Su etal., 2007) °
313 B HESH B

22 AEAR R AT A AR RS I T’ RE iR w P esT] O #5202
315 A i 0 B B8 4R %ﬂx A6 TR BN ~3SHEE E R 146485
Yhomt AT SHET BES (St—rEtal 2006)
irE R LT A ﬁ%‘ii?p 7 a‘li-! "3}31 113 g@ﬁ\ﬂg;}w s AR A0 F e A
B e A (Fagaceae) ~ g (Lauraceae) ~LASp AL (Proteaceae) ~ &
(Theaceae) ~ ¥ #+ 2+ ' (Melastomataceae) ~ i b % 1 (Sabiaceae) ~ # +¢ #*
(Juglandaceae) ~ A # (Symplocaceae)# o -1 2Bt ®H L I0F DR A E
4763 ko Ra RS 3704 T 2% o Hu X ERMEE ALK L S ki (Limlia
uraiana) ~ ¥ (Heliciaformosana) -~ {p4~+ (Blastus cochinchinensis) ~ £ & %
(Castanopsis carlesii)~ 5 £ # (Pyrenaria shinkoensis)~ s & (Meliosma squamulata) -
% ft (Engelhardtia roxburghiana) ~& ¥ 4~ § + (Litseaacuminata)- =% (Machilus
thunbergii) 2 % 4+# #» (Machilus zuihoensis var. mushaensis) # ; % & A iR A& %
% 13 £+ (Blastus cochinchinensis) 2 % 4% (Alsophila podophylla) (% 1) (Su

et al., 2006) -
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Fushan
. (24°45'N, 121°35'E; elev. 630 m)

g 18.2° 4271

9 82°C mm L 500 ?,
° 300 >
2 50 I 100§
g 0. 5
5 304 %_:_
€ 20. =
3 /”_\ =
= 104 3

0 L) Ll L L LI

:18JFh:1.;~|:dJJASOND
Month
B 4~ 450 1993-2004 £ 2_ 2 i § i B (Suetal., 2007)
Fig. 4. Climate diagram for the Fush

(Su et al., 2007)
24.0 ¢ 11.8 4 5]

A

permanent site during 1993-2004
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Table 1. Dominant vegetations in the Fushan permanent site

P2 2 8 }%I;A? W R %%‘u@i
v v
(m*ha) (stem/ha)
& % g Liml i'a uraiana (Hayata) Masamune & 081 %6 14.12
Tomiya

L Fe Helicia formosana Hemsl. 1.36 888  11.15
RS Blastus cochinchinensis Lour. 0.11 740 7.92
£ k5 Castanopsis carlesii (Hemsl.) Hayata 3.40 196 6.64
& ALK Pyrenaria shinkoensis (Hayata) Keng 2.53 216 5.68
s Meliosma squamulata Hance 2.70 151 522
* Engelhardtia roxburghiana Wall. 0.89 356 4.94
Foar g

: E*E | itsen cuminate (Blume) Kurata 1.85 177 435
i Machilus thunbergii Sieb. & Zucc. 2.21 118 423
Bl i ml?;?;lel;;zsl hoensis Hayata var. | 1.89 103 364
2 45 Alsophila podophylla Hook: 1.33 75 2.58
o S 4 Diospyros morrisianaHance - 0.78 104 2.15
“PH Myrsine sequinii AL Je 0.49 114 1.85
B BER L . €=

5 Glochidion acuminatum Muell-_fv:-__Arg. -~ 0.58 100 1.83
L T Symplocos theophrastaefolia Sieb. & . 031 126 174

Zucc. :

H ; 6.90 1207  21.96
B 37.15 4763 100.00

(Su et al., 2006)
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314 2 ¥ A2 1 G HFEZ2 I FERAIPF

FEHEME T (2004) k¥ AR FRREEL SB[ G I(A) F-As
o AT E PN B AP ER (2 G T P6-P4 & P2); 2 (B) & A-
Fa e fHATRMNREPEEE DR A (23 FHPS S P32 Pl (K
5) o

WR A2 PR & G- BB ARELE D ETES o AR A%

BTt AFLr R2IEART LA MBH A RESS T 2 (Dystrudepts) (Pedon

W§{ﬁﬁ&ﬁwﬁ’@ﬁm&%@giiya’&mﬁﬁﬁp;yaiig%
BABRIFR 3 A F]F TR e &2 SAgL2S M A AREZ AL 050515 2

2ZABEARAEE (FrE G ERET 2OQ4) 15 RTH2006) AT 3 S dn o 2 g

i

SRR AR b g R %f%$nm RSO QAT o SE O
L £ ?m4wgﬁ%“°525%$5cm
hlsgy etz 2 d i?ﬁ*%¥ﬁ%®4m$’%ﬁm¢wﬁ%%iﬁ
PEFFXIFFHFIELEL %7~ R 5 PG A E HREED
PR AR E o d NP TS e R F TR > 2 pH B AT 4 - 3
RSP R E S L S R F N 8 A% (p<0.05) 5 7 AL s R A cha

FFREARM > B EAF R SR I FENG VR

¥

£33 R AR AT

FPMEFORE S L RAISOLSIMIERZZTEF TR o
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22NARL2S M FAAERL AL L HANEE

Table 2. Surface soil properties of the Fushan permanent site

Sampling  Sample Available Exchangeable
Site no. pH oC N P K K Na
g kg’ mg kg

0-5cm soil
Pedon 1 6 3.4 9.8 179 12.2 166 249 16
Pedon 2 6 3.4 8.7 168 16.2 146 218 13
Pedon 3 6 3.4 6.4 101 2.4 73 101 16
Pedon 4 2 34 6.9 116 3.4 93 94 13
Pedon 5 6 3.3 6.3 133 5.3 170 216 14
Pedon 6 3 3.5 8.0 157 11.4 201 276 12

5-15cm soil
Pedon 1 6 3.4 4.3 139 2.2 58 72 6.9
Pedon 2 6 3.3 3.5 119 3.3 63 71 7.2
Pedon 3 6 3.3 4.6 89 2.3 52 64 12
Pedon 4 2 34 4.6 110 3.1 50 57 7.7
Pedon 5 6 3.3 My 97 2.6 76 91 14
Pedon 6 3 3.7 3.7 119 _WR3 8 72 73 5.4
Sampling Exchangeable :"':" = |1 _DTPA extractable

Site Ca ve || 2 || Wvis Cu Zn
----- mg kg'I N S L N R ——

0-5 cm soil
Pedon 1 66 74 313 28 1.9 4.7
Pedon 2 78 57 227 8.7 1.6 4.9
Pedon 3 7.5 32 304 1.2 0.7 2.0
Pedon 4 22 36 320 3.9 0.9 2.0
Pedon 5 141 67 419 19 1.3 3.2
Pedon 6 46 66 307 19 2.2 3.0

5-15cm soil
Pedon 1 7.3 23 128 4.9 1.1 0.9
Pedon 2 14 23 138 1.5 0.8 1.3
Pedon 3 9.2 23 218 1.0 0.6 1.6
Pedon 4 4.8 19 289 0.6 0.6 1.4
Pedon 5 23 36 194 2.0 0.6 0.6
Pedon 6 13 25 142 7.4 1.6 0.6

GHHE 5 2§ 2004)
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32 FEKSIESRRBE AR R2E SR

321 HR®wKE

BPRESRFEAD S EAARFMNELEIEE T L RS T 2
(Inceptisols) £24& 75 * (Ultisols) i e de e Ad A3 6 » =30 Liendd v 2 K &
FHEBVHARTEOERY I ERF G PR ouing i airt g 4k a2
ARG LEBT S o R RRKAET R AR Tk B4R 1T

BT R ARERAEEd (SYRS5~6/8) 0 2 MG chpEd 25T 2 4 MALE o

w f

i
wl

THET I ART I RE S BEAG (RO WA EEL I Bs Y

KRR BH 0 R T T E B D e S R R e B R o

|'r )

322 %k~ B RS RE 3 HB RaRR
| | == ||
| | "[' |

Voo TR R (T R (2008 41) EF%S%E é—f"ﬁx\_ £ (2004 & 2008 &) 2 F

\\r

G AL (B 7) 3 AT T 8 AR L ¥ RRseg g i

ﬁ—ir -& FJ’J—T- i”n ijag_'— j_’( °

AE 3G 02008 & 87 nTint g gk ! iTT £ 3EE R 600  F - 2008

F_*

-h_‘\

01 £F|HARE 2 HLEFT PR P A RPTT £ 9 Tioa R F

7

W

FS500 KR L BRF X o RFRPFRF FRAELZEFB HE- o
d 2008 & 17 FH 2009 # 27 > i ir P FERE 140 0 N @EKE 2 B
BETRSFEEORRFE > - RE&EIREBTAMRLIARE (2 D BREEEN
100 £ PE ¥ "¥gA iS4 FRdt > T LT E » ki k3 MR 4CEEw

SRRt

19



B

L\ (
B 6 45 5 % xié(u:**m § - 2004)

Fig. 6. Sampling locatlen,m the F l}shan permanent site

Triangles: profiles of Inceptlsols (I1, 12, and 13)
Circles: profiles of Ultisols (U1, U2, and U3)
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(@)
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1200

1000

800

600

400

200

Month
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GBLET T # )
Fig. 7. (a) Mean temperature and (b) mean precipitation of Fushan area

(Fushan research center)
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Table 4. Solution volume records of two sampling sites during this study

Inceptisols Throughfall Runoff A Horizon B Horizon
Date (mL) (mL) (mL) (mL)
2008/2/27 40071762 2100+1320 2060+1715 2100+1473
2008/3/26 797+45 1237+1328 1515+559 1203+903
2008/4/19 24834284 2100+794 3125+106 2683+1285
2008/5/28 3150+477 1717+804 3200+141 2867+666
2008/7/2 4900+500 5300+2910 10200+2404 9067+2857
2008/7/23 2193+162 1607+1434 268342331 3073+£1743
2008/8/26 6300+954 7167+3355 117334252 11367+651
2008/9/20 104334208 755046401 11233+1332 129504778
2008/10/5 7100+1539 5850+3889 122334404 11867+751
2008/10/18 40671266 2000+854 9267+1436 8167+1172
2008/11/8 3133+351 1533+611 47001778 5933+2831
2008/12/5 2733+551 667+153 3267+1286 31501636
2009/1/11 2867+115 1367737 3800+917 2367+907
2008/2/10 1367+58 5674551 13334924 800+819
Ultisols _

2008/2/27 3273+839 1508+705+ 2950+495 15071164
2008/3/26 863+161 1240+256 890+537 520+141
2008/4/19 31334513 4384443 . 2149+1820 3033+58
2008/5/28 33174917 1233+967, \ 1971+1668 2983+257
2008/7/2 5367+1069 2333+1756 5417+4901 8500+3005
2008/7/23 2510+376 743698 | | 2593+2481 3103+597
2008/8/26 7900+2088 295043774 || .7013+5701 7200+2951
2008/9/20 108734329 1386746199 . 8303+3989 11623+682
2008/10/5 8780+2065 1733£2659: 8513+4758 11640+557
2008/10/18 6233+1850 3950+212 6133+5033 11567+839
2008/11/8 2800+529 1250+495 4200+3995 9300+5333
2008/12/5 2933+1193 1000+990 2800+2982 4200+1253
2009/1/11 2833+586 850+636 1833+1320 783345579
2008/2/10 2000£1652 4931467 533+153 800173
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(1) % -k (throughfall) =z &

FRKFTEMFE P EGFREE A DAL BENHRIHFEEEFT &
FREORESERE R MDA R AR AT B HITRE - Bk
BUHEETE K THEEEREA- BEES LS 2 A KL pd 25 22 PEY
BH O BEL 2B Al R R FEN RSN~ (B8 AR FEE
BEE M TP TFE L
(2) ¥ % &% Kk (surface runoff) ez &

AAE G T ES TR LEm e e g g h A E T FY G o

F_

NE B HKE - B ALK B R MG P hPER R ARG )T

TR T b 2 3SRk ik 4e T 25 22 PE ek W (B 9) e

(G) *»AEIm AR REITELD t@;’;‘%li.’i’ (.'s.'oil solution at the bottom of A horizon)
A Kz 2R AR #%“%l%%lf’\ e SR 2 RS s Sk

mE R *F”ﬁ”Eﬁhﬁﬂ%ﬁﬁkﬁﬁk%*%@&°ﬁ@*%ﬁ%

b8 ¥ ez gk RNPES (centrlfugatlon of SPI sampl¢s) B E IR p AR R e

Bl o I S AR LR A R R (7 i,%:;{;\ R E oo hRkEAEY K F R

HEBEOFRRI B M FIPEE B XM 7Lk ®? S50 5 X8 ke

AR TR ERNG o RF R E2TAA K185 A FE AT R

wE
il

PRIV RE G ARG ¢ 0 U 2 ER RS 2y

fo o R R RIV N BRI R Y (B 10) -

(4) 233 m B A KA f 2 2 %% (soil solution at the bottom of B horizon)
BRI e L AERTIF 2HAG B ELTTLF ERES 2 T A

(parent materials) 2 3 Rt b H* 23 e ARIpFDRE » BB RICE

G L) e B A A AL 3 HARY AT ¢ ARER 5 HEFIEE R

% ek A (B 11) o
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Soil profile +—
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Fig. 10. A diagram of the percolation solution collector
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Fig. 11. Percolation solutmon c@liectofs used-for soil solution collection
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323 AR E RS A2 AT

2 pH B8 R H R A T Hep R IR 100 £ S B id BT A 4T 0
*pH RAE Gt Ry oapT ¢ e r BiRirL YRR T HFR DR UT A

SpH o % pH B8R R EREA TR F 350k ¥ 28k 18R

T

Rtk R F T W e 247 F B w0 3500 Whatman 2. 42 5 Mg f,p, 2. % 3f
PERMPT ¥ ASEEBE ,I‘ B 3 5k F & (ICP-AES) &3+ k& 17 %
(IC) A7z 3k > &AW EF 045 um £ 0.22 pm 3452 millipore /g ©
BT R MR ML ST DPE S e RSR T 2 R R TRE L

Ak o R ER FRIES T F0 ATk

324 BlEpRic F e J Y
1]

(1) #RTER (electrical Cond}}ctiv:tll) 1

B-20mL 3 0% B AR R Rk (Basw DCM-3) Bl& &3 Rt &2
THERE -
(2)pH & :

P RERPI RS 2K £5 2 pH-meter (PHB 9901)ip] = # ;4 /% pH & -
(3) ¥ty et (DOC) :

B-iiE 022 pm TSR B2 kR 0 B~ 30mL B o~ R ALY 0 0T
et &~ 47 & (Total Organic Carbon Analyzer, Aurora Model 1030W) B] Z_-
4 Ca~Mg~K-Na~Fe~Al~Mn- Si:

B8 045 um g tiBip 2o kiR o B2 25 mL B o~ ¥R &AL 0 R B8 E

LA -R g ok &k (ICP-AES, Perkin-Elmer 2000 DV) ] % ¢ % &2 i3 % ik

B o
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(5)NO; ~ PO, ~ SO, ~ CI :
RiiE 022 pm g B2 kR 0 B 30mL B O~ RS o S K
% (Metrohm, 792 Basic IC) | T & th -2 A R ER -

325 <3 i HoN

AR P RAME GRS S 4K

éﬁ»

i A o e A fi ke Rk

AESFE G PAMTARL AL L P Ia% A Ik (De Schrijver et al., 2004)

~my

]

Wi

ERAT RN A AEE A s ) AR E 2 L A
%*i%éiﬁiﬁ%ﬁWWH%H%@ﬁﬁdB%% Yo 2 2 B iR IR
U (output) 4 M4 ALk crinaR (B 12)- :réi-Av\ﬁfF"'Jrﬁ?Miﬁ;u%i;é)i%.wﬁﬂg

v %m

a

%% v ¥R

>
¥
|

)

.., ji@..-ﬁi J—é:i%% mu'()\oﬂ_,-%v]{)\),l-ﬂg# 2}

7 43¢ (1) (Menéndez et al. 2007) : | E"’ﬁ \
. f |
| <> ||

I i)

Net mass = Y'1# Element input; — Y%, Element output; (1)

HPY i 7HERY AFHLHEE K 4=

\>

TREERL IR IR AFRERGN IR AFRE DL 0 H 4 kg ha

yr'l%\»/ °df&*p$‘%§\ %ﬁ%?] /}57,1-9/\9]\ %]»l/}%la/ %\‘J—/n "’%Bﬁ]7 ‘J'lli%’//\

ot (D) FEHELS ()

Net mass = Y4, Throughfall; — (¥, Runoff; + Y.*; Soil solution at B horizon;)

)
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_________________ —— A solution
A
""""""""""" Collected by
B
_________________ percolation solution collectors
C
_________________ ——— B solution
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CRLES S/ S fﬁ’i'“%"’“'%%]%m\ilpé‘vﬁ BB EA N AFHLE
AAIELL S FARSTRE B F L FARAEAR S ) R A

ST LR EA IS EE RS TR A N A

R I AR kA o

®$ kg ha' 27 o &7 [EEE SN A ;u%ﬁnﬁgl,\gﬁﬁgm‘ggg_igg ,;T;L;;%%td LL

[Nl = ]-71 SN
FABENLE > FRARELERR L LEINE AL ARG
(1) #r23;2 ~ 723 Ve,
e
L0
j .,.f"*:-‘
Y £ RS h t1npl{t_'_;sour'ce) LeF ko AT B R E 0
&%az¢ﬂ£%&ao@mr%iﬁz¢f'ﬂ(m CHES RIS S

BRPE R 1450 B8 G) PRI HEE KL AR R BT
KB KR rh 104 T3 28 GRLES 1S 24 Z F4F) o B E R

F o BBl gL kgha! TF L@ELH WG A AL E 05 R
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AESKY LAY AR GRS S H AR R p OB R AT L 2 g

\>

BAANGSBAEIEZRBOE A od %Y 220 CRIcB2 HER R

<

FeMl e B RN BRI S Ak kA (output water) o BLIK
2B ERBORE R CEEE T ICE L L E R E R ka2 R

Pyt 2 AP IS AT TR A > BEIUIER

am
3R

ﬁ;?lﬂ'..‘_l A RE o Flpt o ﬁg’fljrl
232k RFlerrk & £ De Schrijver et al. (2004) < ﬂ ¢ 41 Chloride Mass

Balance Method & {7 5 3% » 2 38438 (4) ¢

Volume; X Chloride concentration; = Volu.'rfleoxx Chloride concentration,
AR 4)
2 i & ﬁ""] ~ (input) > @ 6 % 7T %J ;@5'(.0utput) Volume; &#_% % -k & > Chloride
concentration; » % j% -k ® éﬂ‘ﬂ- ﬂl%“' % 4ol ﬁ%/}a }i (volume-weighted mean of
concentration * VWM) o Chloride concentration, {B R IR F S DA
#ERE (VWM, mg/L) > Volume, 3 @?J Aok & enip 3t e (estimated output water
volume, L) °
#33% Eriksson and Khunakasem (1969) ; De Schrijver et al. (2004) 7 Chloride
Mass Balance Method » £ 471372 € 2 f S jzav £ g g+ > L TP jTk s 2
ASER G RIRBRS FPIDIE o F 20 TR B RB R Dk
B F 23| iv* a2 5 (Thomas and Biittner, 1998)¢ #x De Schrijver et al. (2004)
Wk F P HRd 7R kA @J% (1nput)4i,§’4@<v‘ﬁﬂ§%ﬁ4§‘_léi?ﬁ%]ﬂ’,
(output) %3 2 fi 4 chB#A £ P2 2 HPB o AL TR T BN R R

SRR RET D 2N (4) RE e
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E-‘J"\%gﬁi%]:".*iifé o #-H3& B K 2 REBZRZ ~FEAR
( Element concentration,, mg/L) 4p 3 ¥ B k& 3 & 3 % ﬁig?J g R
(Element outputy, kg ha™) » 2358 4e58 (5) :

Element output,, = Element concentration ;, X Water volume,, %)

BEH T LR 1450 08 (5) P ET @F S kL A AR E o foh 2

MR BREL B KB 05 500 T 24 (K27 24~ T 185 24
£

=

W) Ak R R E g S kgha! TV KA AP BEBEIRL 2

i

rEH=Y ;U',%ﬁﬁlt". 1% 2 f@aﬁﬁl ke B g v eg SLNRE I S GRSl AN 2

% —E—;J-"E'f > ;\‘ '{if’i\‘ (6) Ty f
5 ;;- ,
Wi R | :
Element output, = Element copcerit'rati{)'p ¢ %.-Water volume, (6)

#4325 P g4 k&R (Element concentration . , mg/L) 3k ' &5 91y {8 2035
k8 (Water volume,, L) ¥ 18 L % 2_ ﬁﬁﬂ:iﬁﬁ%ﬁﬂ B2 dRqkk 14 0 i 5% (6)
PFEVEE DBk R TRENE o ey AR ke fE e oL 14985
T anr (K272 ~F 185 as 2 E4f) e #2 & A2l IR E NH G

kgha! #% £B37 5% pigit-kint 2 ¥ =45 ﬁ@?] hE o

Element output = Y14 Element outputy,; + %.iZ; Element output,; (7)

33



#H ¢ > Elementoutput, = B & * 33 ;',’Eﬁg?] 1% & > Element output, 7 » % iZ¢

E
T

R A FHE Y kgha! o AFHEN  ABEHREFE KK 14K -
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4.11. % -k (throughfall)

A F P RO TEARREE > TERE N BRI 0 0T ke
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Fig. 23. Dynamics of (a) chloride, (b) nitrate, (c) sulphate, and (d) DOC
of soil solution at A horizon in two study sites
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Table 4. Estimated element input and output values in two sampling sites

Input (kg ha™) Output (kg ha™)
Throughfall Surface runoff B Horizon

Inceptisols

K 60.6 13.8 2.76
Na 54.6 8.53 12.3
Ca 22.4 6.68 75.1
Mg 12.6 3.17 8.02
Fe 1.81 0.87 1.01
Al 2.86 1.67 0.71
Mn 0.58 0.16 0.03
Si 4.84 1.55 5.96
Cl 160 22.7 333
NOs 52.0 15.0 86.2
SO4 99.3 16.7 32.8
Ultisols

K 105 10.4 7.31
Na 62.6 491 14.7
Ca 24.4 & 2.79 48.5
Mg 26.0° 7 1.69 6.33
Fe 141 0.46 222
Al 2.31 (. N - 0.79 1.66
Mn 0.69 88— 0.08 0.04
Si 435 & || <5 | 0.77 6.52
Cl BryY |l = || ¥4 48.1
NOs 406+ 1 | |/« 9.18 314

SO, 12%, & 8 10.2 44 4
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Table 5. Comparison of element inputs between other forests and Fushan

Site Precipitation Ca Mg K NO; SO,  Reference

mm/yr — ------mmemmmmee- |32 (VI S ——
Fushan, Taiwan 4271 234 193 82.8 463 113.2  This study
Serra de Gata, Spain 1580 10.8 537 12.2 1.46 527  Menéndez et al., 2007
Nanjenshan, Taiwan 4720 23.1 14.1 278 372 754 % EH 2002
De Rouwkuilen, Netherlands 700 - - - 15.6 19.4  Boxman et al., 2008
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Table 6. Estimated element budget in two sampling sites

Inputs Outputs Inputs—Outputs

(kg ha™) (kg ha™') (kg ha™)
Inceptisols
K 60.6 16.6 44.0
Na 54.6 20.9 33.8
Ca 22.4 81.8 -59.3
Mg 12.6 112 1.44
Fe 1.81 1.88 -0.07
Al 2.86 2.38 0.48
Mn 0.58 0.19 0.39
Si 4.84 7.51 -2.68
Cl 160 56.0 104
NO; 52.0 101 -49.2
SO, 99.3 49:5 498
Ultisols ) ,
K 105 7 N\ 873
Na 62.6 1946 ([ =2 k3.0
Ca 24.4 SIQ R |edW
Mg 26.0 802\ || 118.0¢
Fe 1.41 268" - 1197
Al 231 2.44 g0 3
Mn 0.69 0.13 0.6
Si 4.35 7.29 -2.94
Cl 231 62.2 169
NO; 40.6 40.5 0.03
SO, 127 54.6 72.2
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Table 7. Comparison of element outputs between other forests and Fushan

Site Precipitation Ca Mg K NO; SO,  Reference

mm/yr — ------mmemmmmee- |32 (VI S ——
Fushan, Taiwan 4271 61.8  7.17 5.03 58.8 38.6  This study
Serrade Gata, Spain 1580 1.58 2.23 3.95 1.17 6.3 Menéndez et al., 2007
Nanjenshan, Taiwan 4720 099 2.03 .77 1.77 - T EH 2002
De Rouwkuilen, Netherlands 700 - - - 28.9 10.1  Boxman et al., 2008

78



433 TR AR A LFA AT T E

GBI 2S DEAA KT R AT A L B E TR AF L AT TR o
g3 () FRHFREEE <) 2RG]5(Q2) 2 EETE ST B s G and &
GB) P EAFEEAERADLRE (@) FHATEEAEFORE Q) 2 AR
BREeHBE D (6) HHRLELFBEILHE (] RS L AR 24T
FENgAZ R ENE 8) AL E-B A AR ITRE 2 B RMRG P I HE S

ELTER R SRS R TR

79



X
by
i
i
W

1. B e BpH M3 50 T& 5 X34 2 REPF FREDA L @45k K
pH T35% 4.6 BT 45 L &k & 4k & BRI ERB Y - AT HFAFL 25
NEARBEHRBEFSE T LA ORpH BT395 47 &% E K~ 2R
o A pH BERTEKBEREOISE = A pHTH: 645 M isd

TRBEARIEE G F RS a4 o

2. 4T+ R ARy AR hAABYT - B & TIE R E 341 peg/L 0 < g B

75T k61209 peq/L % B £ 3E 05 J\r‘n424ueq/L°"2 k¥ edE kiR e 7oA BAgGR

;\‘w

= A (A
BRI m o R T

2 oKL AR PE bR (%/ﬁ/gf—) TR R L 3

AT I Pmrﬁmmﬁaﬁh?ﬁi?iﬁ? L4 b R

: u-'.i

@+u%m+x&w#?m,%wa’{£a* §ATAE T LR R B T IR

9 3 3 pH e R 35 el o

3. 2EEABNE AR AR £ FF# (281 kgha') 45 (43.1kgha) ZA
17 (248kghal) s B ZE MG o S HEBHF R € H b P P AT R A
MEROFENERFR T F A A B e E R o PR EEE
~% ﬁ?ﬁis?]%—%i’ﬁia?ﬂ:ﬁiirifﬁ: PN NIs SR S-: I ol S ﬁ—:ﬁglﬂ;:%_,yi?ﬁgl%
£ VA A TR ARSI o hF AT A B B AR R Dk
BERE AL R MR ERYES ERA BRI kA g
FRAAGTOBLIEER Y c F @Mt E RS F EET (463 22

1132kgha) » FHBRBIELEH EA LA FHEABROEL LR Y

80



4 45 3 g3 3 X PR AR iTr AR I EIAROT BB T ER (U
b B HhE) AETIFATE G159peq/l) BT 2T ® (561.5 peg/L)
M 45T peq/Lo b EOKE IR B A AITIAZ 2 MBR G AR BB
FERB AL BN T BB ER L BV &R Rk
PORR E G e Ak RAIEIR AR B B I ERIRY AR ROILS
FEBETERLEERF (2819 peq/L) - B B3k Bk (221.4 peg/l) 0 @ # 4

AEimE i (63.5peq/l) P A KA I BT ERE T M

81



54 <

MEZ 2004 3 L ZFHBFIE L ZEEIE IR e GRFE T 28
2 oRZABFRECETHLGS o

PELT 1998 e A BH G IR A R 2T c W2 A B F HRE TR
—l‘;/\’s? o

T o 1997 AR tRd 2§ AL A Y B Es e B4
HAFRECEMRLAY o

WEF CME ?‘0200404@&, 25 DMEARABRFZRNEE TR o f’?f(f‘fnﬁﬂﬁigi
L2 4)8 RIE 2 o

g I T4 T T L2003 AR L X AR ERHE G
H1 3 ,w o ggﬁﬁﬁi% > 18 (4):363-373 -

MR R A~ BNG o 200480 R L BB R AR it T IR B B R

P E e FRBRRARAELAR AT A S L (NSC
93-2313-B-002-035) -

ar

gk

2 %R 0 1997 0 »3f il au¢%ﬁﬁ EVam= -2 B2 A2 g3
CP PR E YY) *gﬁﬂ(ﬁ§w6%mBONOMAm)

EEH \*ﬁylo;ﬂ ﬁi’?ﬁ‘;"‘#&i’f l5§—'&gjo,1|996045¢,‘q—555ﬁ+\ e Wl A
TR E S o 11 (2):159:1745 :

iy 9 5 %‘iﬁﬁiﬁmﬁcmmoiﬁ%%i%ﬁ%%@%ﬁ@ﬁ%ﬁ
B R FRRREE o

FEiE A 020060 AR % ARER2 2 FAA KT IEBFLITHE - B4
CHERECEEL G o

D EE 2008 e AR L A A B EBBMAETSFEAARIZ IR R F P
o WML FRFECEHLGY

L1997 c L BERFEEF 2 REF 2B LR - R ELE -
12 :135-144 -

HE A 1997 0 2 R hARL AR A B F R BERY R E S 25 o Ak
FPFFL R € L5 %2 (NSC87-2621-B-018-001-A07)

¥ iFd °2002°@i:i'ﬁ‘é%%kﬁ*#%%%fﬁﬁﬁéggﬁ RS 2 Fﬁg]&cn i
BLERLECE AL G

Barbee, G.C., and K.W. Brown. 1986. Comparison between suction and free-drainage
soil solution samplers. Soil Sci. 141:149-154.

82



Beier, C., and P. Gundersen. 1989. Atmospheric deposition to the edge of a spruce forest
in Denmark. Environ. Pollut. 60:257-271.

Berg, B., and H. Staaf. 1987. Release of nutrients from decomposing white birch leaves
and Scots pine needle litter. Pedobiologia 30:55-63.

Bini, C., and F. Bresolin. 1998. Soil acidification by acid rain in forest ecosystems: A
case study in northern Italy. Sci. Total Environ. 222:1-15.

Bormann, F.H., and G.E. Likens. 1979. Catastrophic disturbance and the steady-state in
northern hardwood forests. Am. Sci. 67:660-669.

Boxman, A.W., H.F.G. van Dijk, and J.G.M. Roelofs. 1994. Soil and vegetation
responses to decreased atmospheric nitrogen and sulphur inputs into a Scots pine
stand in the Netherlands. For. Ecol. Manage. 68:39-45.

Boxman, A.W., R.C.J.H. Peters, and J.G.M. Roelofs. 2008. Long term changes in
atmospheric N and S throughfall deposition and effects on soil solution chemistry
in a Scots pine forest in the Netherlands. Environ. Pollut. 156:1252-1259.

Chang, S.C., C.P. Wang, C.M. Feng, R. Rees, U. Hell, and E. Matzner. 2007. Soil fluxes
of mineral elements and dissolved organic matter following manipulation of leaf
litter input in a Taiwan Chamaecyparis forest. For. Ecol. Manage. 242:133-141.

De Schrijver, A., L. Nachtergale;J. Staelens, S. Luyssaert, and L. De Keersmaeker.
2004. Comparlson of throughfall and soil.solution chemistry between a
high-density Corsican pine stand and'a. naturally regenerated silver birch stand.
Environ. Pollut. 131:93-105, & | | .f;

de Vries, W., G.J. Reinds, and E. Yel'.2003. Intensive fnonitoring of forest ecosystems in
Europe 2: Atmospheric deposition and-its 1mpacts on soil solution chemistry. For.
Ecol. Manage. 174:97-115.

de Vries, W., E. Leeters, and C.M.A. Hendriks. 1995. Effects of acid deposition on
Dutch forest ecosystems. Water Air Soil Pollut. 85:1063-1068.

de Vries, W., C. van der Salm, G.J. Reinds, and J.W. Erisman. 2007. Element fluxes
through European forest ecosystems and their relationships with stand and site

characteristics. Environmental Pollution 148:501-513.

Dechert, G., E. Veldkamp, and R. Brumme. 2005. Are partial nutrient balances suitable
to evaluate nutrient sustainability of land use systems? Results from a case study
in Central Sulawesi, Indonesia. Nutr. Cycling Agroecosyst. 72:201-212.

Derome, J. 1991. Boron immobilization in limed forest soils. Abstracts of Papers of the
Am. Chem. Soc. 201:18-34.

Dezzeo, N., and N. Chacon. 2006. Nutrient fluxes in incident rainfall, throughfall, and

stemflow in adjacent primary and secondary forests of the Gran Sabana, southern
Venezuela. For. Ecol. Manage. 234:218-226.

Eriksson, E., and V. Khunakasem. 1969. Chloride concentration in groundwater,
recharge rate and rate of deposition of chloride in the Israel coastal plain. J.
Hydrol. 7:178-197.

83



Giesler, R., U.S. Lundstrom, and H. Grip. 1996a. Comparison of soil solution chemistry
assessment using zero-tension lysimeters or centrifugation. Eur. J. Soil Sci.
47:395-405.

Giesler, R., F. Moldan, U. Lundstrom, and H. Hultberg. 1996b. Reversing acidification
in a forested catchment in southwestern Sweden: Effects on soil solution
chemistry. J. Environ. Qual. 25:110-119.

Grimaldi, C., M. Grimaldi, A. Millet, T. Bariac, and J. Boulegue. 2004. Behaviour of
chemical solutes during a storm in a rainforested headwater catchment. Hydrol.
Processes 18:93-106.

Goudie, A. S., and N. J. Middleton. 2001. Saharan dust storms: nature and consequences.
Earth Sci. Rev. 56:179-204.

Hafner, S.D., PM. Groffman, and M.J. Mitchell. 2005. Leaching of dissolved organic
carbon, dissolved organic nitrogen, and other solutes from coarse woody debris
and litter in a mixed forest in New York State. Biogeochemistry 74:257-282.

Hendershot, W.H., and F. Courchesne. 1991. Comparison of soil solution chemistry in
zero tension and ceramic-cup tensiondysimeters. J. Soil Sci. 42:577-583.

Hostin, P.J., and S.J. Titus. 1996. Indirect site .productivity models for white spruce in
Alberta's boreal mixedwood forest. ForestryaChronicle 72:73-79.

Huber, C., W. Weis, and A. Gottlein. 20'Q621:;Tf_eé nutrition of Norway spruce as
modified by liming and experimenta};ﬁé_idiﬁcation at the Hoglwald site, Germany,
from 1982 to 2004. Ann. For.'Sci.63:861-869:

Huber, C., R. Baier, A. Gottlein, and W. Weis. 12006b; Changes in soil, seepage water
and needle chemistry between 1984%and*2004 after liming an N-saturated Norway
spruce stand at the Hoglwald, Germany. For. Ecol. Manage. 233:11-20.

Laclau, J.P., J. Ranger, J.P. Bouillet, J.D. Nzila, and P. Deleporte. 2003a. Nutrient
cycling in a clonal stand of Eucalyptus and an adjacent savanna ecosystem in

Congo - 1. Chemical composition of rainfall, throughfall and stemflow solutions.
For. Ecol. Manage. 176:105-119.

Laclau, J.P., J. Ranger, J.D. Nzila, J.P. Bouillet, and P. Deleporte. 2003b. Nutrient
cycling in a clonal stand of Eucalyptus and an adjacent savanna ecosystem in
Congo 2. Chemical composition of soil solutions. For. Ecol. and Manage.
180:527-544.

Lawrence, G.B., and M.B. David. 1996. Chemical evaluation of soil-solution in acid
forest soils. Soil Sci. 161:298-313.

Lin, T.C., H.B. Hing, Y.J. Hsia, L.J. Wang, J.L. Hwong, and C.B. Liou. 1996.
Evaluating rainfall contamination in Fu-shan Experimental Forest by using factor
analysis. Quart. J. Chin. For. 29(1): 121-132.

Lin, T.C., T.T. Lin, Z.M. Chiang, Y.J. Hsia, and H.B. King. 1999. A study on typhoon
disturbance to the canopy of natural hardwood forest in northeastern Taiwan.
Quart. J. Chin. For. 32:67-78.

84



Liu, C.P, S.Y. Lu, C.H. Wang, and L.S. Hwang. 2008. Soil solution chemistry on the
three slopes of a natural hardwood stand in the subtropics of the Fushan forest.
Soil Sci. 173:845-856.

Lovett, G.M., and J.D. Kinsman. 1990. Atmospheric pollutant deposition to
high-elevation ecosystems. Atmos. Environ. Part A-General Topics
24:2767-2786.

Lubchenco, J., A.M. Olson, L.B. Brubaker, S.R. Carpenter, M.M. Holland, S.P. Hubbel,
S.A. Levin, J.A. Macmahon, P.A. Matson, J.M. Melillo, H.A. Mooney, C.H.
Peterson, H.R. Pulliam, L.A. Real, PJ. Regal, and P.G. Risser. 1991. The
sustainable biosphere initiative-An ecological research agenda. Revista Chilena
De Historia Natural 64:175-226.

Ludwig, B., K.J. Meiwes, P. Khanna, R. Gehlen, H. Fortmann, and E.E. Hildebrand.
1999. Comparison of different laboratory methods with lysimetry for soil solution
composition-experimental and model results. J. Plant Nutr. Soil Sci. 162:343-351.

Meiresonne, L., A. De Schrijver, and B. De Vos. 2007. Nutrient cycling in a poplar
plantation (Populus trichocarpa x Populus deltoides 'Beaupre') on former
agricultural land in northern Belgium. Can.J. For. Res. 37:141-155.

Menendez, J., G. Moreno, J.F. Gallardo, and J=Saavedra. 2007. Hydrogeochemical
balance of forest umbrisol proﬁles ('Serrade Gata central western Spain).
Hydrol. Processes 21:1949-1956.

Michalzik, B., K. Kalbitz, J.H. Park, S Sﬁ'hnger and 'E. Matzner. 2001. Fluxes and
concentratlons of dissolyed organi¢\ carbon and nitrogen - a synthesis for
temperate forests. Biogeochemistry 52:173205:

Moffat, A.J., H. Kvaalen, S. Solberg;. and N. "Clarke. 2002. Temporal trends in
throughfall and soil water chemistry at three' Norwegian forests, 1986-1997. For.
Ecol. Manage. 168:15-28.

Newell, R.E., E.P. Condon, and H.G. Reichle. 1981. Mcasurements of CO and CHy in
the troposphere over Saudi-Arabia, India, and the Arabian Sea during the 1979

international summer monsoon experiment (Monex). J. Geophys. Res.
86:9833-9838.

Nissinen, A., H. Ilvesniemi, and N. Tanskanen. 1999. Equilibria of weak acids and
organic Al complexes explain activity of H" and AI’" in a salt extract of
exchangeable cations. Eur. J. Soil Sci. 50:675-686.

Parker, G.G. 1983. Throughfall and stemflow in the forest nutrient cycle. Adv. Ecol. Res.
13:57-133.

Peterson, D.L., and G.L. Rolfe. 1979. Determining sample-size in throughfall studies.
For. Sci. 25:582-584.

Ranger, J., S. Loyer, D. Gelhaye, B. Pollier, and P. Bonnaud. 2007. Effects of the
clear-cutting of a Douglas-fir plantation (Pseudotsuga menziesii F.) on the
chemical composition of soil solutions and on the leaching of DOC and ions in
drainage waters. Ann. For. Sci. 64:183-200.

85



Raulund-Rasmussen, K. 1989. Effect of artificial acid rain and liming on the base status
in an acid forest Picea abies L. Karst. Soil typic Haplohumod. Scand. J. For. Res.
4:417-426.

Reuss, J. O. 1983. Implications of the Ca-Al exchange system for the effect of acid
precipitation on soils. J. Environ. Qual. 12:591-595.

Robson, A.J., C. Neal, G.P. Ryland, and M. Harrow. 1994. Spatial variations in
throughfall chemistry at the small plot scale. J. Hydrol. 158:107-122.

Scheel, T., L. Haumaier, R.H. Ellerbrock, J. Ruhlmann, and K. Kalbitz. 2008. Properties
of organic matter precipitated from acidic forest soil solutions. Org. Geochem.
39:1439-1453.

Shilova, Y. E. 1. 1955. A method of obtaining th e soil solution under natural conditions
Pochvovedeniye, 11.

Sposito, G. 1984. The future of an illusion-ion activities in soil solutions. Soil Sci. Soc.
Am. J. 48:531-536.

Su, S. H., C. H. Chang Yang, C. L. Lu, T. T. Lin, W. L. Chiou, I. F. Hsieh, H. B. King.
2006. The ecology of tree species in Fushan forest dynamics plot, Taiwan.
Taiwan Forest Research Institute, Taipet.

Su, S. H., C. H. Chang Yang, C.L. Iu, C. C. Tsut,T. F: Lin, C. L. Lin, W. L. Chiou, L.
H. Kuan Z.S. Chang, and C. F. Hsleh 2007. Fushan subtropical forest dynamics
plot: tree species characteristics and thstnbutlon patterns. Taiwan Forest Research
Institute. Taipei. [ ] .f;

Thomas, F.M., and G. Biittner.. 1998. Nutrient relations in healthy and damaged stands
of mature oaks on clayey soilsy two case studles in northwestern Germany. For.
Ecol. Manage. 108:301-319.

Vandijk, H.F.G., A.W. Boxman, and J.G.M. Roelofs. 1992. Effect of nitrogen and sulfur
on the mineral balance and vitality of a Scots pine stand in the Netherlands. For.
Ecol. Manage. 51:207-215.

Vogt, K.A., C.C. Grier, and D.J. Vogt. 1986. Production, turnover, and nutrient
dynamics of aboveground and belowground detritus of world forests. Adv. Ecol.
Res. 15:303-377.

Weis, W., V. Rotter, and A. Gottlein. 2006. Water and element fluxes during the
regeneration of Norway spruce with European beech: Effects of shelterwood-cut
and clear-cut. For. Ecol. Manage. 224:304-317.

Zabowski, D., and F.C. Ugolini. 1990. Lysimeter and centrifuge soil solutions - seasonal
differences between methods. Soil Sci. Soc. Am. J. 54:1130-1135.

86



B &

AT 4E S AR GRS ARE A

%it ................................................................................................................... 88

Ze AL S () oottt e s eened 89
Ze AL S () oottt e s eened 90
Ze AL S () oot r s e ere s 91
A2 RBYFAE] BE ADIURBAT B4 4 AT B R AR
B BB Tl ettt e et sea e e e 92

Ze A2 S () oottt ettt e r et e e eresened 93
Ze A2 S () oottt et e e eresened 94
Z A2 S () oottt et r ettt r et es et raneeed 95
FAZRBRYTAFT HF AR IR RBRT B 4 4T A G
R BT oo eI e -+ v ovoesensoneosensossosenseneorensenssnesnen 96

CAN RN NN it J00 S, SO 97
2 A3 () ool Tl NS e 98
2 A3 () e AL O e 99
%Nh$%ﬂﬁaFW&Béi%%W”§3£*@ NE SR RE R R o -1
G R B b i |WWWQ .......... Y - S 100

Fe A~ (CH) e C:% }.I. ............. LAY TN 101
Fe AD S () i Tl s S 102
CAVCRN G B T . N 103
LAS BB EAFT R G ORAHRT B F A SSRGS kR R
O RPN SOPN (SO0 FONUTUOPOOIPIROROTOPOPINY WO SOUR STl Se OO T 104

Ze AS S () ettt s e 105
A6 FHRPTFA Y B 200 RIEHF 2§ ~ AER s B2y gk
FE B T8 ettt ettt et et s et et e s sere e 106

Ze G > () ettt s et 107
2ATBHRDPTFIAFTT HeF 2 AEIEZRERF 235 AR Sk
T IR B 1Y oottt r s 108

Ze AT > () oottt s e 109
LAS HHPEAFL HE A B BB RAYES B E AR SRR
T IR B B 1Y oot e s s 110

Ze AB S () oottt et 111

87



2 Al BHPTFAFL ®TEZ KRBT 2040 4 47~ 4 B FEETER
g1
Table Al. K, Na, Ca, Mg, Fe, Al, and Mn concentrations of throughfall in two study

sites during the experiment

Sampling date Sampling sites

X1* X2 X3 Y1 Y2 Y3

peq/L

Potassium
2008/2/27  27.0 225 48.3 34.0 264 33.1
2008/3/26  95.4 56.6 55.7 58.2 234 159
2008/4/19  56.8 43.0 37.2 51.1 139 86.0
2008/5/28  76.7 66.4 115 512 166 89.3
2008/7/2 40.5 30.6 59.9 43.9 96.8 48.1
2008/7/23  55.3 329 93.4 115 108 137
2008/8/26  22.6 16.2 528 21.5 32.0 11.2
2008/9/20  9.08 6.050 15.0° 4.96 14.8 6.20
2008/10/5  13.4 561 436 " 149 41.0 9.37
2008/10/18  19.4 187/ [, 4719/ 258 43.0 19.0
2008/11/8  6.59 159 106 28.5 30.5 35.3
2008/12/5  24.5 e W || 2% || Wil 34.4 58.5
2009/1/11 218 18055 N\ 160 |1/ 4385 36.1 71.5
2009/2/10  44.8 41,607 179w " £40.0 60.1 98.3
Sodium
2008/2/27 222 24.2 225 23.5 40.3 27.6
2008/3/26  85.1 57.2 50.3 46.4 117 56.2
2008/4/19  23.6 16.6 14.8 13.2 27.8 24.2
2008/5/28  72.6 51.8 81.0 37.9 78.9 55.8
2008/7/2 17.3 13.9 28.2 12.4 28.3 22.3
2008/7/23  40.5 37.1 423 53.9 49.3 47.1
2008/8/26  44.4 472 48.3 43.4 46.6 39.9
2008/9/20 163 15.4 17.0 9.97 16.8 11.4
2008/10/5  54.3 52.9 55.1 46.0 61.9 47.0
2008/10/18  64.3 59.6 712 76.9 71.5 60.3
2008/11/8  55.6 60.3 55.2 56.5 58.8 74.3
2008/12/5 123 111 114 90.5 103 148
2009/1/11 71.9 59.9 473 49.9 51.1 121

2009/2/10 95.6 95.0 61.5 55.1 42.4 148
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Table Al. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3

peq/L

Calsium
2008/2/27 27.2 21.6 29.3 34.2 57.2 27.3
2008/3/26 112 65.9 77.5 63.0 137 51.7
2008/4/19 39.9 27.9 26.2 18.5 38.8 26.0
2008/5/28 48.4 28.9 47.7 35.6 67.2 36.2
2008/7/2 37.2 14.2 25.5 15.5 49.8 11.7
2008/7/23 34.0 27.5 32.0 1.10 33.1 10.2
2008/8/26 10.7 12.5 11.6 4.23 17.9 10.6
2008/9/20 4.69 5.47 6.05 n.d. 1.93 n.d.
2008/10/5 14.2 10.9 1.9 8.02 17.0 6.88
2008/10/18  26.7 15.2 32 7 33.8 23.6 21.1
2008/11/8 18.6 214 16.7 204 27.5 21.9
2008/12/5  35.8 oY/ XA \358 40.0 39.9
2009/1/11 30.0 435 ox ' 33.5 349 432
2009/2/10 44.7 471 305 44.5 1752 43.8
Magesium | :
2008/2/27 20.1 16.6 029 u 19.7 70.5 19.9
2008/3/26 71.7 46.3 61.2 46.7 130 50.2
2008/4/19 28.1 18.0 21.9 9.65 38.7 24.5
2008/5/28 47.4 26.3 49.5 229 65.9 39.3
2008/7/2 20.2 10.4 18.8 6.82 41.1 12.2
2008/7/23 27.7 273 30.7 9.57 37.3 15.6
2008/8/26 332 15.6 24.8 253 20.7 6.78
2008/9/20 2.42 2.71 3.67 1.34 3.40 1.74
2008/10/5 13.7 19.9 12.3 12.4 299 108
2008/10/18  25.0 16.9 36.6 37.1 23.8 30.2
2008/11/8 17.8 19.3 15.9 18.9 19.1 20.8
2008/12/5 38.8 393 26.5 30.3 41.5 45.2
2009/1/11 22.5 249 12.6 18.6 24.8 39.3
2009/2/10 31.1 31.0 17.8 20.9 11.7 51.3
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Table Al. (continued)

Sampling date Sampling sites

X1 X2 X3 Yl Y2 Y3

peq/L

Iron
2008/2/27 0.42 1.02 2.07 0.43 1.84 0.47
2008/3/26 0.94 1.88 1.51 0.64 1.18 1.33
2008/4/19 2.10 3.26 0.69 0.71 0.99 1.12
2008/5/28 1.00 3.53 2.40 0.16 0.86 0.12
2008/7/2 0.48 2.69 1.36 0.35 0.42 0.37
2008/7/23 0.75 2.11 1.98 0.75 0.69 0.73
2008/8/26 0.47 0.36 0.85 0.43 0.46 0.18
2008/9/20 0.49 0.47 0.59 0.21 0.62 0.31
2008/10/5 0.63 0.40 0.63 0.83 0.80 1.29
2008/10/18  1.18 1.38 159+ 2.65 1.61 1.15
2008/11/8 4.79 L& 1.53 2.74 2.22 1.27
2008/12/5 2.51 1.49 - 0.82, 0.68 0.79 1.36
2009/1/11 1.96 1.47 090 ' 0:57 0.67 1.29
2009/2/10 2.95 4.61 T 1.03 0.88 1.51
Aluminum ' ' :
2008/2/27 2.99 6.27 16.0 3 2.32 15.0 3.80
2008/3/26 9.10 19.5 16.1 9.04 15.1 14.4
2008/4/19 6.27 13.8 8.92 4.66 18.4 10.0
2008/5/28 8.46 14.2 39.1 5.50 10.9 10.7
2008/7/2 4.89 5.73 7.82 1.35 6.87 5.48
2008/7/23 6.73 4.97 9.81 2.78 11.0 11.5
2008/8/26 4.24 2.09 3.91 1.43 4.42 0.94
2008/9/20 1.98 1.03 1.79 0.54 1.82 1.50
2008/10/5 3.59 2.13 2.24 0.84 2.69 1.87
2008/10/18  5.52 4.56 10.0 8.46 5.34 4.58
2008/11/8 12.0 2.70 3.70 6.47 5.11 3.95
2008/12/5 10.7 5.65 3.29 1.76 1.98 4.68
2009/1/11 11.9 5.06 4.06 1.57 3.47 5.02
2009/2/10 20.1 19.8 6.08 2.32 3.14 8.06

90



Table Al. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3

peq/L

Manganese
2008/2/27 0.73 0.77 1.33 1.63 3.23 0.83
2008/3/26 2.68 1.87 3.44 4.44 7.83 2.05
2008/4/19 1.00 1.15 0.76 0.34 0.98 0.48
2008/5/28 0.57 0.70 1.14 0.02 0.13 0.17
2008/7/2 0.00 0.14 0.17 0.00 0.20 0.14
2008/7/23 0.06 0.29 0.46 0.03 0.05 0.06
2008/8/26 0.04 0.15 0.03 0.03 0.04 0.03
2008/9/20 0.01 0.02 0.03 0.03 0.02 0.02
2008/10/5 0.06 0.18 0.05 0.12 0.07 0.14
2008/10/18  0.58 0.5, 0.83 1.02 0.19 0.63
2008/11/8 0.32 0:65 0.37 =039 1.09 0.86
2008/12/5  0.97 0.87"/ [,048.) 1051 0.10 1.42
2009/1/11 0.59 0.56 [ @8 | 0:35 1.26 1.18
2009/2/10 1.21 1.3t | 05y 0.25 0.26 1.49

THEAE X RABTIAIR N A BRA BT R EFAAEHET -
*Sampling site. X means Inceptisols study site:¥ means Ultisols study site. The

number means the duplicated site.
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Table A2. K, Na, Ca, Mg, Fe, Al, and Mn concentrations of surface runoff in two study

sites during the experiment

Sampling date Sampling sites

X1* X2 X3 Y1 Y2 Y3

peq/L

Potassium
2008/2/27 40.7 134 75.0 88.9 48.7 49.4
2008/3/26 84.9 20.5 155 - 137 233
2008/4/19 49.1 42.7 65.7 151 84.1 164
2008/5/28 103 134 139 160 220 250
2008/7/2 79.3 57.2 63.6 157 105 125
2008/7/23 443 56.0 68.5 45.5 138 184
2008/8/26 24.6 20.6 BoEEE 50.9 50.0 51.9
2008/9/20 32.6 14.9¢%. . 128.1 - 22.2 55.1 18.8
2008/10/5 - 11.4 20.3 142 16.0 14.4
2008/10/18  54.5 39.4 [ 432 132 - 28.6
2008/11/8 37.9 19:1 490~ ' 541 25.6 -
2008/12/5 74.8 44.6 ' 558.55 || Wos: - 39.1
2009/1/11 84.0 35.645 ~11621 1! ; 100 - 479
2009/2/10 121 35.8. Y F3.5 i’ ) 262 52.5
Sodium
2008/2/27 60.7 36.0 32.1 52.6 359 33.2
2008/3/26 122 55.0 82.6 - 119 91.5
2008/4/19 57.1 309 322 75.9 38.6 423
2008/5/28 142 93.5 73.8 67.9 137 105
2008/7/2 90.0 31.9 26.7 41.8 35.0 53.8
2008/7/23 53.3 333 31.8 323 42.7 54.0
2008/8/26 45.6 40.7 43.0 45.6 53.1 53.8
2008/9/20 35.1 19.9 22.9 15.4 51.8 25.2
2008/10/5 - 38.8 31.9 27.6 22.5 29.2
2008/10/18  86.1 75.8 61.2 54.4 - 70.9
2008/11/8 79.5 63.7 78.9 75.1 80.6 -
2008/12/5 113 148 77.8 93.5 - 98.6
2009/1/11 144 70.1 121 114 - 77.4

2009/2/10 183 71.7 120 119 278 100
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Table A2. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3
Calsium
2008/2/27  93.8 76.0 63.9 139 48.7 33.4
2008/3/26 151 94.1 112 - 54.1 58.4
2008/4/19  45.1 429 37.5 140 32.6 21.1
2008/5/28  80.8 63.1 74.8 150 97.5 59.7
2008/7/2 71.1 432 39.5 34.1 28.9 54.6
2008/7/23  67.6 51.8 45.6 26.7 29.3 91.2
2008/8/26  31.5 20.4 17.5 14.0 20.4 22.6
2008/9/20  31.1 25.9 12.8 n.d. 32.2 13.9
2008/10/5 - 23.4 16.27 4.47 11.0 17.1
2008/10/18  90.7 29.4 33.6.- n.d. - 33.7
2008/11/8  66.1 24.3 59.6 53.0 273 -
2008/12/5 178 92.5 (DT[] 469 - 29.6
2009/1/11 194 598 o= | 973 - 21.6
2009/2/10 341 4a:4 U | |14 104 697 447
Magesium ] ; :
2008/2/27  56.0 53.2 53.4 976 51.0 43.6
2008/3/26 122 67.0 86.7 - 78.1 97.8
2008/4/19  35.1 37.0 20.5 166 39.9 26.5
2008/5/28  60.3 59.2 55.4 64.9 101 55.6
2008/7/2 433 33.4 26.7 30.3 23.0 56.0
2008/7/23  50.1 49.9 39.7 19.4 37.7 114
2008/8/26  25.7 34.3 21.6 11.8 24.5 25.7
2008/9/20  24.4 9.81 6.70 2.39 29.8 9.93
2008/10/5 - 17.6 19.9 7.97 10.6 15.4
2008/10/18  59.7 27.7 26.7 14.5 - 34.1
2008/11/8  47.3 23.5 50.7 50.8 31.6 -
2008/12/5 114 89.6 87.1 43.7 - 30.8
2009/1/11 118 412 103 81.2 - 14.9
2009/2/10 201 34.7 123 93.1 563 40.7
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Table A2. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3
Iron
2008/2/27 3.43 6.73 3.47 1.50 1.94 2.59
2008/3/26 3.08 2.38 1.20 - 3.90 3.23
2008/4/19 1.52 4.38 3.74 0.87 1.48 6.08
2008/5/28 2.62 40.9 6.69 1.87 1.87 17.0
2008/7/2 2.40 4.20 7.07 2.64 6.48 13.8
2008/7/23 0.98 1.74 2.97 0.33 2.79 7.92
2008/8/26 0.51 1.08 0.96 1.19 2.30 2.68
2008/9/20 0.53 1.82 2.00 0.24 7.16 2.05
2008/10/5 - 0.85 DTS 0.41 3.49 1.76
2008/10/18  5.36 4.28 843 - 0:76 - 5.54
2008/11/8 4.23 6:15 10.9 2.88 2.95 -
2008/12/5 4.98 1.03 [ 11} 2:09 - 17.5
2009/1/11 3.22 2.82 152= ' 2.65 - 5.03
2009/2/10 7.19 5.64 ' 51635 3.98 5.80 3.40
Aluminum 1| :
2008/2/27 47.2 20.8 37.4 10.6 11.2 19.3
2008/3/26 62.1 16.3 24.5 - 19.4 38.2
2008/4/19 38.2 23.1 24.7 20.6 18.4 43.9
2008/5/28 68.0 60.6 70.4 223 35.2 77.1
2008/7/2 50.8 22.0 41.3 15.0 24.9 61.6
2008/7/23 21.0 20.3 234 3.69 18.5 50.9
2008/8/26 11.5 7.61 8.97 6.50 14.9 14.6
2008/9/20 5.14 8.81 10.8 1.39 24.7 13.7
2008/10/5 - 5.03 11.5 1.37 10.4 12.2
2008/10/18  58.6 18.2 40.3 1.23 - 16.9
2008/11/8 30.1 16.2 45.7 12.4 15.7 -
2008/12/5 74.0 4.7 57.1 13.5 - 56.6
2009/1/11 75.9 14.3 74.8 28.6 - 249
2009/2/10 144 22.7 92.6 40.9 49.9 33.8
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Table A2. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3

peq/L

Manganese
2008/2/27 1.70 2.29 1.84 1.44 2.30 2.03
2008/3/26 3.37 2.83 2.71 - 1.64 5.03
2008/4/19 0.90 1.41 0.58 5.35 0.67 0.46
2008/5/28 1.66 1.08 0.87 n.d. 4.32 0.05
2008/7/2 0.76 0.53 1.10 n.d. 0.34 0.14
2008/7/23 0.81 0.66 1.41 0.11 0.05 0.30
2008/8/26 0.50 0.20 0.30 0.05 0.09 0.11
2008/9/20 0.16 0.14 0.09 0.01 0.45 0.23
2008/10/5 - 0.21 D325 0.02 0.17 0.54
2008/10/18  0.98 0314”7, 1679 0:39 - 0.98
2008/11/8 0.61 0:49 1.71 \ 2.0% 1.38 -
2008/12/5  1.21 @es’/ (2Y2 (\) 1 - 0.68
2009/1/11 0.72 0.83 . 3@" [ 370 - 0.38
2009/2/10 1.54 0.72 ' |3.6§5- || BaB2 17.6 1.63

THEAE X RABTIAIR N A BRA BT R EFAAEHET -
*Sampling site. X means Inceptisols study site ¥ meafs Ultisols study site. The
number means the duplicated site.

-no data.
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Table A3. K, Na, Ca, Mg, Fe, Al, and Mn concentrations of soil solution at A horizon in

two study sites during the experiment

Sampling date Sampling sites

X1* X2 X3 Y1 Y2 Y3

peq/L

Potassium
2008/2/27 48.6 42.1 26.8 - 27.8 12.7
2008/3/26 7.63 5.71 - - 54.0 40.9
2008/4/19 7.3 12.8 - 32.4 55.8 43.8
2008/5/28 11.6 6.82 - 55.3 57.7 83.6
2008/7/2 11.9 10.6 - 68.5 41.8 42.7
2008/7/23 14.8 9.34 84.0 55.5 47.5 60.7
2008/8/26 13.5 6.39 19:9 43.7 312 23.9
2008/9/20 8.75 5.00 142 19.3 9.91 11.6
2008/10/5 431 4.01 9550 132 6.55 6.81
2008/10/18 25.9 21.9 A\ 302 282 17.7 13.5
2008/11/8 11.1 801 || =447 16.4 13.5 14.6
2008/12/5 10.2 108 (| B4 33.1 20.1 15.2
2009/1/11 7.9 S | IPCRY | S K 12.2 17.3
2009/2/10 153 6.35 082 @318 32.1 16.5
Sodium
2008/2/27 29.6 41.4 22.9 ] 78.4 46.7
2008/3/26 53.5 56.4 - - 109 77.6
2008/4/19 36.7 47.8 - 15.1 95.3 51.0
2008/5/28 65.3 69.1 - 44.8 135 93.0
2008/7/2 58.6 55.0 - 125 73.5 43.7
2008/7/23 39.2 41.8 473 38.0 58.6 39.9
2008/8/26 47.6 39.6 44.8 49.0 57.8 57.6
2008/9/20 30.4 21.4 46.9 28.8 22.0 23.8
2008/10/5 29.7 25.6 30.0 29.9 29.6 40.2
2008/10/18 88.0 73.7 60.7 64.6 78.7 76.2
2008/11/8 77.8 75.6 63.7 63.1 79.4 76.9
2008/12/5 84.6 90.1 64.9 89.5 80.9 70.7
2009/1/11 111 93.8 96.2 118 116 112
2009/2/10 106 96.7 89.3 113 142 119
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Table A3. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3

peq/L

Calsium
2008/2/27 428 469 37.7 - 543 564
2008/3/26 660 735 - - 873 834
2008/4/19 467 436 - 31.1 588 514
2008/5/28 600 664 - 61.3 704 681
2008/7/2 374 517 - 136 479 242
2008/7/23 467 574 172 658 586 373
2008/8/26 188 170 265 147 161 119
2008/9/20 208 194 312 100 66.7 108
2008/10/5 213 120 253 68.7 86.2 84.8
2008/10/18 363 430 333 302 383 251
2008/11/8 332 403 289 368 348 250
2008/12/5 541 2 (18 679 512 376
2009/1/11 503 635 :""506 744 413 245
2009/2/10 636 50 (| Mssyl Wifnds 610 461
Magesium "SR | I\ :
2008/2/27 60.4 7.7 262 - 190 104
2008/3/26 100 120 - - 243 190
2008/4/19 78.8 78.2 - 21.6 149 114
2008/5/28 86.3 97.3 - 319 175 126
2008/7/2 51.8 71.5 - 29.1 96.7 37.8
2008/7/23 62.7 74.8 49.3 67.5 103 49.7
2008/8/26 27.2 244 394 28.0 37.2 24.6
2008/9/20 40.6 20.7 46.0 14.6 10.3 14.0
2008/10/5 27.6 15.2 30.0 14.2 42.5 294
2008/10/18 46.7 48.5 44.5 38.5 51.8 359
2008/11/8 41.5 44.7 42.1 44.0 453 34.4
2008/12/5 68.7 70.2 50.3 74.4 66.6 46.1
2009/1/11 73.1 77.6 74.6 73.7 67.8 38.4
2009/2/10 92.5 106 89.7 70.7 120 52.3
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Table A3. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3

peq/L

Iron
2008/2/27 3.31 0.80 1.70 - 2.32 3.58
2008/3/26 1.06 0.69 - - 2.12 1.42
2008/4/19 0.95 1.05 - 1.22 2.46 2.70
2008/5/28 1.03 2.83 - 0.46 3.25 3.90
2008/7/2 1.47 4.13 - 3.14 6.37 7.07
2008/7/23 1.77 3.81 3.02 14.9 7.90 7.45
2008/8/26 0.91 1.41 1.94 2.09 1.79 5.58
2008/9/20 2.05 3.31 3.92 5.44 6.75 3.50
2008/10/5 5.09 2.52 5.01 4.51 4.28 9.51
2008/10/18 3.36 3.02 6:84 7.28 49.5 5.76
2008/11/8 3.18 3.97 9.14 % 40.1 23.7 5.94
2008/12/5 3.99 229 ()| 7669 29.3 36.7 11.7
2009/1/11 2.74 2.58 :"354 5.56 8.11 4.42
2009/2/10 4.50 o (| By15\ Wiszu 18.2 10.2
Aluminum "SR | I\ :
2008/2/27 5.55 0.20 That ¥ - 0.23 4.69
2008/3/26 n.d. n.d. - - n.d. 3.83
2008/4/19 0.15 n.d. - 7.69 1.43 10.7
2008/5/28 5.11 8.93 - 7.33 10.7 26.2
2008/7/2 6.45 9.60 - 11.9 16.3 28.0
2008/7/23 3.55 5.14 59.8 21.0 14.1 24.7
2008/8/26 3.07 2.68 14.8 6.36 6.83 18.0
2008/9/20 7.20 7.95 28.0 12.5 22.1 11.0
2008/10/5 13.2 6.94 20.3 11.3 11.4 30.1
2008/10/18 6.03 4.38 21.9 9.49 58.3 13.3
2008/11/8 6.54 5.59 22.1 72.8 34.5 13.8
2008/12/5 6.66 n.d. 18.2 40.3 51.3 23.2
2009/1/11 7.80 3.32 12.4 4.68 13.8 12.8
2009/2/10 10.4 9.65 28.2 62.4 27.2 25.1
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Table A3. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3

peq/L

Manganese
2008/2/27 0.22 0.13 1.63 - 0.11 0.14
2008/3/26 0.09 0.18 - - 0.09 0.45
2008/4/19 0.06 0.09 - 1.05 0.09 0.15
2008/5/28 n.d. n.d. - 0.60 n.d. n.d.
2008/7/2 0.01 n.d. - 0.02 n.d. n.d.
2008/7/23 0.05 0.03 1.06 0.04 0.02 0.05
2008/8/26 0.02 0.02 0.06 0.04 0.04 0.06
2008/9/20 0.00 0.00 0.12 0.03 0.03 0.02
2008/10/5 0.01 0.01 0.06 0.02 0.04 0.09
2008/10/18 0.21 0.17 0:20 0.06 0.08 0.07
2008/11/8 0.10 0.10 0. 19 0.22 0.22 0.21
2008/12/5 0.06 005 ( -\ 007 nd. 0.00 n.d.
2009/1/11 0.10 0.09 | ;'5'()10 0.09 0.10 0.22
2009/2/10 0.10 0.09 | | '11)14 0.12 0.17 0.14

THEAE X RABTIAIR N A BRA BT R EFAAEHET -
*Sampling site. X means Inceptisols study site ¥ meafs Ultisols study site. The
number means the duplicated site.

-no data.
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Table A4. K, Na, Ca, Mg, Fe, Al, and Mn concentrations of soil solution at B horizon in

two study sites during the experiment

Sampling date Sampling sites

X1* X2 X3 Y1 Y2 Y3

peq/L

Potassium
2008/2/27 8.00 3.95 19.1 13.2 8.78 9.38
2008/3/26 2.39 1.82 8.27 24.9 5.53 10.1
2008/4/19 1.65 5.37 3.27 31.1 16.2 10.2
2008/5/28 1.89 3.28 3.65 57.3 23.0 8.90
2008/7/2 2.85 2.93 10.0 SN 12.9 9.79
2008/7/23 4.89 5.57 12.4 68.2 19.3 15.01
2008/8/26 2.93 2.66 Sl 40.3 10.7 12.0
2008/9/20 - 2747, 485 - 18.7 10.8 9.49
2008/10/5 3.95 1.28 7.02 s 12.8 5.66 5.20
2008/10/18  22.6 23.7 [ 26} 20.1 11.1 9.97
2008/11/8 8.01 8.73 959~ ' 169 7.97 5.80
2008/12/5 - 4.92 ' 58.1'5.5 | P&V 7.74 12.4
2009/1/11 4.07 9.05+% ~116.40. |/ ; 35.1 9.91 7.80
2009/2/10 32.63 33/ H.l A 10.5 8.74
Sodium
2008/2/27 36.7 32.1 46.3 40.1 74.4 34.8
2008/3/26 46.5 39.6 55.1 49.5 93.7 38.8
2008/4/19 44 .4 38.7 66.2 50.2 85.8 54.4
2008/5/28 69.5 76.3 122 82.2 112 76.3
2008/7/2 55.1 39.8 106 59.9 89.1 53.3
2008/7/23 50.3 38.6 83.9 47.4 67.3 38.8
2008/8/26 43.1 34.1 53.1 473 51.8 52.8
2008/9/20 - 27.4 57.9 27.3 25.4 27.5
2008/10/5 26.6 19.2 29.0 36.4 25.3 28.5
2008/10/18  60.3 64.5 43.9 80.9 71.0 71.8
2008/11/8 56.2 61.4 50.3 77.3 67.0 70.9
2008/12/5 - 74.9 61.1 85.5 65.8 73.7
2009/1/11 78.1 77.7 72.9 108 100 101

2009/2/10 95.2 65.0 82.4 116 94.2 92.9
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Table A4. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3

peq/L

Calsium
2008/2/27 299 486 351 519 108 338
2008/3/26 481 493 698 718 812 579
2008/4/19 416 276 503 429 399 248
2008/5/28 498 384 751 747 522 375
2008/7/2 369 292 656 406 233 188
2008/7/23 461 449 594 459 410 286
2008/8/26 287 182 305 203 116 75
2008/9/20 - 204 344 111 93.3 50.7
2008/10/5 175 168 2077 87.7 75.5 51.0
2008/10/18 322 344 383 - 300 231 69
2008/11/8 193 269 372 327 211 83
2008/12/5 - 5127/ (494 () 572 215 307
2009/1/11 297 492 636-= || 397 343 163
2009/2/10 138 631 1755 595 536 266
Magesium ] ; :
2008/227 877 71.6 76.3 687 83.7 68.8
2008/3/26 133 83.7 117 92.4 99.5 85.5
2008/4/19 105 57.0 88.8 73.7 70.4 69.9
2008/5/28 113 82.1 119 88.2 73.2 83.5
2008/7/2 70.3 53.2 100 56.5 45.8 43.0
2008/7/23 843 79.5 89.5 66.0 51.7 45.7
2008/8/26  47.8 30.3 58.5 31.2 37.5 40.9
2008/9/20 - 31.0 56.2 16.6 13.4 18.3
2008/10/5  89.5 20.1 37.5 20.7 71.0 16.0
2008/10/18  53.6 39.0 65.2 35.0 32.7 21.0
2008/11/8 312 33.8 56.4 39.1 28.3 20.2
2008/12/5 - 60.8 67.2 53.2 31.6 37.4
2009/1/11  50.7 76.0 104 52.8 42.1 33.9
2009/2/10 382 99.8 136 76.6 56.0 41.1
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Table A4. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3

peq/L

Iron
2008/2/27 2.57 1.24 0.30 6.45 1.59 0.10
2008/3/26 3.43 1.62 2.95 5.96 1.94 1.05
2008/4/19 1.52 2.78 3.88 8.53 2.31 0.38
2008/5/28 3.29 3.83 7.77 15.1 2.29 1.82
2008/7/2 2.19 3.67 6.48 23.6 3.64 3.24
2008/7/23 0.92 2.36 7.02 20.6 4.98 8.98
2008/8/26 1.03 0.45 3.24 7.51 1.39 0.64
2008/9/20 - 4.20 0.09 7.08 2.86 5.21
2008/10/5 293 1.51 A 4.92 3.04 4.59
2008/10/18  2.18 1.76 936~ 10.3 3.18 0.70
2008/11/8 291 2:09 7.64 22.1 12.1 2.28
2008/12/5 - 1.41 [ 62§ 33.6 15.0 12.4
2009/1/11 1.66 1.49 602~ ' 134 2.92 1.10
2009/2/10 1.31 8.16 ' i6.4§5 254 5.07 1.46
Aluminum 1| ; :
2008/227  5.06 n.d. md, we @21 n.d. n.d.
2008/3/26 3.78 0.28 0.87 4.00 n.d. n.d.
2008/4/19 0.83 4.78 4.42 12.0 0.65 n.d.
2008/5/28 10.4 11.1 20.0 35.0 5.60 7.52
2008/7/2 8.12 14.2 18.3 57.6 8.88 11.8
2008/7/23 0.26 5.37 11.4 39.1 6.98 24.5
2008/8/26 2.60 1.45 5.34 13.8 2.84 2.32
2008/9/20 - 9.67 n.d. 17.1 7.64 154
2008/10/5 8.59 5.27 22.6 11.8 8.71 15.2
2008/10/18  4.57 5.36 18.0 18.0 5.14 1.32
2008/11/8 6.30 2.12 12.6 46.1 233 6.21
2008/12/5 - 0.23 8.36 61.7 41.7 224
2009/1/11 3.11 1.14 9.18 27.8 422 2.31
2009/2/10 6.51 17.6 8.52 48.0 6.30 2.28
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Table A4. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3

peq/L

Manganese
2008/2/27 0.38 0.23 0.48 0.29 0.18 0.56
2008/3/26 0.15 0.07 0.19 0.07 0.10 0.24
2008/4/19 0.09 0.10 0.17 0.02 0.15 0.45
2008/5/28 n.d. n.d. n.d. n.d. n.d. 0.09
2008/7/2 0.00 0.05 0.15 n.d. 0.03 0.13
2008/7/23 0.06 0.04 0.06 0.05 0.04 0.04
2008/8/26 0.04 0.09 0.06 0.01 0.02 0.22
2008/9/20 - 0.03 0.20 0.02 0.06 0.10
2008/10/5 0.02 0.03 0.05 - 0.06 0.10 0.21
2008/10/18  0.17 0.18 . 1018 0:06 0.12 0.33
2008/11/8 0.08 0.09 0.10 L 0.22 0.21 0.25
2008/12/5 - 005/ (096 (.| ‘'nd n.d. n.d.
2009/1/11 0.11 0.08 . O%" Il 413 0.07 0.25
2009/2/10 0.12 0.10 ' |0.1§5- || POk 0.08 0.13

THEAE X RABTIAIR N A BRA BT R EFAAEHET -
*Sampling site. X means Inceptisols study site ¥ meafs Ultisols study site. The
number means the duplicated site.

-no data.
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Table AS. CI, NOs, and SO4 concentrations of throughfall in two study sites during the

experiment

Sampling date Sampling sites

X1* X2 X3 Y1 Y2 Y3

peq/L

Cl
2008/2/27  58.7 54.9 66.3 63.2 239 59.8
2008/3/26 166 112 129 100 361 125
2008/4/19  81.5 52.7 67.1 45.2 149 67.2
2008/5/28 101 77.6 122 65.4 198 88.1
2008/7/2 39.6 323 71.1 34.9 85.7 40.7
2008/7/23  90.0 78.8 138 140 127 110
2008/8/26  87.8 87.7 SLEE 84.0 98.9 87.3
2008/9/20 453 46. 147, $4.71= 39.3 50.0 42.4
2008/10/5 100 94.9 128 . 90.8 415 179
2008/10/18 104 964"/ (136 () \25 136 102
2008/11/8  91.7 977 89:6~ || 923 98.4 111
2008/12/5 175 156 16 || Whas 164 203
2009/1/11  97.2 86.0+ 11744 |1/ 754 94.9 151
2009/2/10 125 1180 883 wr @4 79.8 177
NO;
2008/2/27 13.6 14.7 6.72 13.4 4.48 12.1
2008/3/26  77.8 69.5 42.7 51.9 30.5 40.9
2008/4/19  21.0 10.4 12.3 183 9.23 17.1
2008/5/28  31.9 273 12.2 20.8 16.4 19.6
2008/7/2 19.9 18.3 19.4 15.0 10.3 16.0
2008/7/23 18.9 10.1 16.8 12.2 8.42 10.2
2008/8/26 10.8 13.1 18.0 7.95 8.13 12.8
2008/9/20  7.54 8.01 7.43 n.d. n.d. 8.84
2008/10/5  7.34 8.65 12.7 n.d. 7.54 7.62
2008/10/18  14.4 19.5 7.12 27.9 n.d. 11.8
2008/11/8  26.3 24.2 21.2 15.1 18.3 15.0
2008/12/5 282 27.1 28.1 14.5 15.1 16.7
2009/1/11 253 15.9 15.2 16.1 15.4 17.4
2009/2/10  25.8 18.0 23.5 22.5 8.95 18.2
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Table AS. (continued)

Sampling date Sampling sites

X1 X2 X3 Y1 Y2 Y3

peq/L

SO,
2008/2/27 714 70.6 716 74.2 155 78.0
2008/3/26 183 137 131 132 258 153
2008/4/19 583 38.6 41.0 42.6 82.5 60.3
2008/5/28  80.9 63.3 69.9 70.0 117.3 85.7
200872 332 27.1 28.6 28.5 50.2 30.7
2008/7/23 364 24.8 30.2 24.5 45.1 31.2
2008/8/26  25.9 26.4 32.0 40.0 28.7 26.4
2008/9/20  13.9 13.0 14.1 12.2 14.4 15.3
2008/10/5  21.1 22.7 2197y 16.8 26.5 18.0
2008/10/18  48.6 B, B Qg7 51.9 46.0
2008/11/8 553 58.5 52.7, Y, 548 57.7 64.7
2008/12/5  78.1 WO/ (DO 763 78.5 86.4
2009/1/11  59.4 a3\ ||| gos 574 92.6
2009/2/10  8.12 nd- W (7B || W n.d. 7.36

THEAE X RABTIAIR N A BRA BT R EFAAEHET -
*Sampling site. X means Inceptisols study site:¥ means Ultisols study site. The

number means the duplicated site.
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Table A6. Cl, NOs, and SO4 concentrations of surface runoff in two study sites during

the experiment

Sampling date Sampling sites

X1* X2 X3 Y1 Y2 Y3

peq/L

Cl
2008/2/27  80.1 75.9 113 211 100 84.3
2008/3/26 208 108 236 - 324 267
2008/4/19 12.4 82.8 83.1 354 116 105
2008/5/28 113 131 110 113 202 153
2008/7/2 53.8 45.4 48.4 92.3 86.3 72.5
2008/7/23 82 74 113 72 128 150
2008/8/26  87.1 82.6 105 82.9 86.6 101
2008/9/20  63.1 48730, 521= 47.0 108 53.2
2008/10/5 - 81.5 89.1 y 716 60.7 68.4
2008/10/18 117 118 (181 () '9%2 - 94.9
2008/11/8 110 101 7= 151 118 -
2008/12/5 127 206 1 || Whss . 141
2009/1/11 112 s 123 |/ 478 - 89
2009/2/10 136 04,60 08wk i 506 114
NO;
2008/2/27  43.5 34.7 12.6 74.9 20.8 20.0
2008/3/26  96.4 89.4 70.6 3 61.6 55.7
2008/4/19 3.7 26.3 7.27 138 39.7 24.0
2008/5/28  51.7 13.9 50.1 50.7 108 34.2
2008/7/2 50.8 57.4 25.6 93.7 23.6 84.2
2008/7/23  75.3 66.0 229 8.08 27.9 139
2008/8/26  39.5 21.9 12.3 8.74 7.93 33.4
2008/9/20  49.1 20.5 9.18 n.d. 7.43 17.4
2008/10/5 - 24.8 9.93 7.14 7.02 19.9
2008/10/18  7.16 49.8 14.2 7.81 - 17.8
2008/11/8  52.1 69.1 72.4 68.7 24.0 -
2008/12/5 131 113 102 54.7 - 19.8
2009/1/11  67.8 61.8 127 91.0 - 16.0
2009/2/10 135 34.1 130 69.6 1241 17.0
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Table A6. (continued)

Sampling date Sampling sites

X1 X2 X3 Yl Y2 Y3

peq/L

SO4
2008/2/27 121 127 110 139 100 93.5
2008/3/26 215 120 175 - 239 212
2008/4/19 16.4 80.2 48.1 112 95.7 129
2008/5/28 128 88.2 69.6 98.9 168 162
2008/7/2 70.9 43.5 32.1 102 523 55.0
2008/7/23 37.6 36.6 28.6 21.2 58.4 73.5
2008/8/26 39.7 24.8 22.8 16.0 23.6 30.8
2008/9/20 17.6 17.9 15.1 15.4 44.1 24.1
2008/10/5 - 21.3 IAeen 13.7 22.4 19.3
2008/10/18  61.7 56.90°. . 421 "' 43.2 - 45.8
2008/11/8 60.1 43.3 52.9 L~ 73.3 68.8 -
2008/12/5  86.5 ©3 (a2 Y67 - 90.9
2009/1/11  99.9 5614 L | |oo= || dos - 66.6
2009/2/10  11.2 736 10 || T7sa 7.96 8.3

THEAE X RABTIAIR N A BRA BT R EFAAEHET -
*Sampling site. X means Inceptisols study site ¥ meafs Ultisols study site. The
number means the duplicated site.

-no data.
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Table A7. CI, NO3, and SO4 concentrations of soil solution at A horizon in two study

sites during the experiment

Sampling date Sampling sites

X1* X2 X3 Y1 Y2 Y3

peq/L

Cl
2008/2/27  69.0 83.2 82.2 - 182 88.0
2008/3/26 168 169 - - 369 225
2008/4/19  83.8 105 - 61.2 278 112
2008/5/28 113 125 - 98.5 235 154
2008/7/2 55.5 90.8 - 154 133 62.2
2008/7/23  78.8 78.3 152 103 152 91.2
2008/8/26 102 96.0 126 - 85.8 120 102
2008/9/20  49.4 260, 4= 52.1 45.6 48.1
2008/10/5  87.5 67.8 109 . 73.9 78.8 358
2008/10/18 140 59" (X7 () \1o8 161 116
2008/11/8 104 111 2= 854 126 109
2008/12/5 121 107 Hloey |\ W 123 138
2009/1/11 158 1625 1162, 1L/ “I68 206 102
2009/2/10 133 1307 4139 w177 227 116
NO;
2008/2/27  76.6 162 6.97 3 124 255
2008/3/26 302 343 - 3 400 688
2008/4/19 188 129 - 10.2 249 339
2008/5/28 268 323 - 22.2 345 534
2008/7/2 120 99.2 - 41.5 94.4 57.1
2008/7/23 144 115 8.25 44.4 29.2 525
2008/8/26  46.0 26.5 51.0 8.12 13.7 35.4
2008/9/20  56.0 15.0 61.3 7.13 10.6 n.d.
2008/10/5  64.2 14.4 23.7 n.d. n.d. 12.4
2008/10/18  95.5 60.7 33.4 7.07 19.7 65.6
2008/11/8 117 84.4 41.9 8.93 31.5 76.7
2008/12/5 170 173 69.9 9.22 17.2 54.5
2009/1/11 158 181 80.7 11.1 12.4 25.9
2009/2/10  68.7 112 42.4 17.5 10.0 47.6
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Table A7. (continued)

Sampling date Sampling sites

X1 X2 X3 Yl Y2 Y3

peq/L

SO,
2008/2/27 118 165 76.7 : 217 122
2008/3/26 128 161 - : 307 143
2008/4/19 108 136 - 65.4 198 123
2008/5/28 106 133 - 70.4 179 115
2008/7/2  80.6 113 - 51.8 147 102
2008/7/23  69.3 102 45.3 87.0 141 87.7
2008/8/26  45.4 51.9 55.2 46.3 65.4 57.3
2008/9/20  40.0 54.2 59.7 45.0 37.2 38.4
2008/10/5  32.6 38.8 331y, 36.0 40.3 36.5
2008/10/18  48.4 41507, 4365 416 58.9 47.1
2008/11/8  55.2 51.0 52.5 W 62.0 69.6 49.6
2008/12/5  64.9 8037/ (3 () 932 89.8 61.1
2009/1/11  86.1 647K |[838=1| &9 97.2 104
2009/2/10  6.88 6 W {73 || Yo 6.87 n.d.

THEAE X RABTIAIR N A BRA BT R EFAAEHET -
*Sampling site. X means Inceptisols study site ¥ meafs Ultisols study site. The
number means the duplicated site.

-no data.
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Table A8. CI, NO3, and SO4 concentrations of soil solution at B horizon in two study

sites during the experiment

Sampling date Sampling sites

X1* X2 X3 Y1 Y2 Y3

peq/L

Cl
2008/2/27  75.5 72.0 101 111 282 63.0
2008/3/26 141 124 165 169 357 140
2008/4/19 110 93.9 156 124 250 115
2008/5/28 104 80.9 171 137 215 113
2008/7/2 67.4 43.2 147 90.1 165 85.0
2008/7/23  67.7 55 132 109 168 71.6
2008/8/26  94.9 86.9 103 97.6 120 101
2008/9/20  20.7 75.56, . & 950 49.8 44.5
2008/10/5  67.1 54.9 80.9 941 75.1 59.7
2008/10/18 135 BT (36 () \63 178 123
2008/11/8  99.3 89:1 140~ | 129 139 112
2008/12/5 - 80:3 28 | W 144 96.3
2009/1/11 102 13155 \Al140, 1L/ 482 222 176
2009/2/10 121 10477 4181 w181 252 152
NO;
2008/2/27  92.2 116 193 110 131 153
2008/3/26 224 159 369 221 252 113
2008/4/19 210 97.8 326 198 129 177
2008/5/28 264 158 527 261 179 248
2008/7/2 164 128 470 70.0 36.9 65.4
2008/7/23 213 236 318 42.2 21.7 48.7
2008/8/26 106 56.1 128 113 9.23 10.0
2008/9/20  54.9 264 - 7.3 n.d. 8.0
2008/10/5  41.9 35.1 19.0 67.8 7.32 9.27
2008/10/18  84.3 55.7 37.7 7.43 8.82 16.4
2008/11/8  57.6 55.8 52.5 10.3 14.1 28.1
2008/12/5 - 161 89.4 9.53 14.1 41.5
2009/1/11 104 102 133 8.16 9.72 222
2009/2/10  48.6 37.0 116 7.13 9.04 25.1
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Table A8. (continued)

Sampling date Sampling sites

X1 X2 X3 Yl Y2 Y3

peq/L

SO4
2008/2/27 95.8 173 92.6 181 128 170
2008/3/26 87.9 130 152 214 172 155
2008/4/19 86.3 83.1 79.2 226 89.5 86.9
2008/5/28 74.8 88.2 83.2 149 94.6 99.3
2008/7/2 70.5 61.1 82.6 136 64.2 86.0
2008/7/23 66.8 56.3 64.2 132 86.6 104
2008/8/26 56.8 54.6 56.8 103 54.7 61.4
2008/9/20 60.4 43.6 - 66.4 51.5 60.5
2008/10/5 43.9 50.0 58651 45.8 41.5 50.7
2008/10/18  38.6 41.467. . 1533 58.5 38.5 48.3
2008/11/8 47.8 54.9 50.7 . 68.0 51.7 51.6
2008/12/5 - 584°/ (100(.) 796 67.0 74.5
2009/1/11 60.4 770 . 99&3‘“ [ 991 61.6 144
2009/2/10  6.70 By W (68 || Was n.d. n.d.

THEAE X RABTIAIR N A BRA BT R EFAAEHET -
*Sampling site. X means Inceptisols study site ¥ meafs Ultisols study site. The
number means the duplicated site.

-no data.
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