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Soil properties and nutrient speciation
on the Chiufenershan landslide

Pei-Chen Lee

Abstract

Landslides may exert immense impacts on soil properties, nutrient speciation and
forest ecosystems. The impacts of landslides on soil properties not only vary with their
movement type (deposition or removal) or scale but also the succeeding vegetation can
have great contribution to spatial variation inside landslide. In this study, the effects of
movement type (deposition or removal) and succeeding vegetation on soil properties and
nutrient speciation inside the Chiufenershan landslide scar were evaluated. Landslide soil
was also compared with the adjacent undisturbed soil. According to the movement type
and vegetation, we firstly divided soil samples into three main sites (removal, deposition
and undisturbed sites), and then divided soil samples into six small sites, including (i)
removal sites without vegetation, REM-NG (ii) removal sites with vegetation, REM-G1
(1i1) removal sites with vegetation at a gentle slope, REM-G2 (iv) deposition sites with
secondary forest, DEP-SEC (v) deposition sites with plantation forest, DEP-PLA and (vi1)
Adjacent undisturbed sites, UND.

Our results indicated that soil properties and nutrient at removal sites (REM-NG,
REM-GI1 and REM-G2) had higher bulk density, rock fragment content and pH value,
but less soil organic carbon, total nitrogen, CEC and N-mineralization rate than both
deposition (DEP-SEC and DEP-PLA) and undisturbed (UND) sites. The soil properties
at removal sites without vegetation (REM-NG) even showed the extreme end compared
to the soils with grass vegetation. The removal and deposition sites had similar total

phosphorus concentrations, but were significantly less than that at the undisturbed sites
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(p < 0.05). Most of the phosphorous were HCI-P at the removal sites, Residual-P and
NaOH-P at the deposition sites. Although the main phosphorus speciation at the removal
and deposition sites were biologically unavailable, our results did not showed that P was
the limiting nutrient for soil. However, applying both N and P could improve seedling
growth. In addition, the long-term field monitoring data of soil water potential showed
the deposition site (DEP-SEC) and the lower removal sites (REM-G2) had water potential
maintained above -1.5 MPa throughout the whole year. While the removal sites without
vegetation (REM-NG) and removal sites with vegetation (REM-G1) had soil water
potential lower than -1.5 MPa in winter, indicating that the adverse effects for both sites.
Overall, the soil at removal sites without vegetation (REM-NG) showed its early stage of
succession, and the soil weathering was less severe than removal sites with vegetation
(REM-G1 and REM-G2). By contrast, the deposition sites had more advanced soil
weathering, but the soil properties and nutrient speciation were still different from the
undisturbed sites. Therefore, the Chiufenershan landslide has changed the soil properties
and nutrient speciation, and it is speculated that these changes played important roles on
soil and ecosystem development.

[ Key words] Chiufenernshan, landslide, soil properties, succession, secondary forest,

phosphorus
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Fig. 1 Aerial photographs of the Chiufenershan landslide in the year of (a) 1998 (b) 1999

(c) 2004 (d) 2007 (e) 2014.
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Fig. 2 Schematic figure of removal (removal sites without vegetation, REM-NG;
removal sites with vegetation, REM-G1; removal sites with vegetation at a gentle
slope, REM-G2) and deposition (deposition sites with secondary forest, DEP-SEC;
deposition sites with plantation forest, DEP-PLA) processes along the landslide slope
at the Chiufenershan landslide.
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(g) # @ (h) & @ -
Fig. 3 Photos at different landscape sites. (a) Removal sites without vegetation, REM-NG

(b) Removal sites with vegetation, REM-G1 (c) Removal sites with vegetation at a gentle
slope, REM-G2 (d) Deposition sites with secondary forest, DEP-SEC (e) Deposition sites
with plantation forest, DEP-PLA. Adjacent undisturbed sites, UND, including (f) areca
(g) plum tree and (h) tea fields.
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Fig. 4 Locations of sampled soils for removal (removal sites without vegetation, REM-
NG; removal sites with vegetation, REM-G1; removal sites with vegetation at a gentle
slope, REM-G2) and deposition (deposition sites with secondary forest, DEP-SEC;
deposition sites with plantation forest, DEP-PLA) sites at the Chiufenershan landslide.
Light gray and dark gray represent removal and deposition areas, respectively.
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Fig. 5 Locations of sampled soils for undisturbed sites (UND) at Chiufenershan.
Light gray and dark gray represent removal area and deposition area,

respectively.
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WA 13 T7~7~84c6(R 4) 2HBKEROHMF - FFRIAFLHFEI B KR

B (B S P HEFHREES0B L RT 4 BEBTIEET Y9 B AT 2
BIEHETF

WERILWIEZE0-10cm 2 10-20cm At 3 (FEEHRFF G 0-10cm
FAE) BT IRIT OGIRIF AT RFIEETR A EPE R
B b oA B E AR T EBESGFET R 0L 2mm §34 % ] 2 6 R E

bR EI P CFBFE KA EA T o

221 FRPF

(1) 2 &

A% 00— 10 cm 2 3 40 g 4~ 100 mL 5%eh= haifidp i3 % (sodium
hexametaphosphate, HMP) » (583442 5 £ 45fs > @ » w8 > T & 1 1L g
<1t £ 3+ (ASTM 151H, Chase, New York, USA) *™35 3 #8478 40s &2 Th pFipl 2>

SRERMLENIETHE 2 LR R LFH -
(2) 2 w4

f1* F < ¢ . (Munsell Soil Color Charts) & {7k 574 228414 4 o
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Q) BMBREZEF: 2RZPT

F B HEEY = B L 100 cm® (% #5452 TR (core) A B|ERPAL KO-

10cm 2 4o & 10-20 cm 12 5 > w9 B 3 15 244 105 °C ~ 24h .57 > f=

ic2 £ (9 .
WA (gom”) = ()
A . BREE .
P E (%)= w;(gg)) % 100% & ()
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222 P F

(1) 23 pHE

K 0-10cm 2 ™ A 10-20cm et R £ B~ 8 g » 13 &R 1250
RE > RF (180rpm) 1 /| PFiE > LR EHFE 30 24> “HIF4F & T 4& (Orion

91078N, Thermo, Massachusetts, USA) | & 48 € & 3edx+ B chpH E o
(2) B~ F &7

#d k 0-10cm 2 o™ & 10 —20 cm 12 4k IR BB B L F A
7 & (2400 Series 11, Perkin Elmer, Massachusetts, USA) 4 47 4 3 3 ##¢ (g C kg
soil) &4 § @N@%MD%&°¢%ﬁﬂiﬁiulNMHé%iﬁimﬁﬁﬁ

(Midwood and Boutton, 1998) & > £ 14~ % & 47 KA 47 o

(3) % 3% {15 3+ (exchangeable cations) 22 5 3¢+ 2 3 % £ (cation exchange

capacity, CEC)

~20gehd kK 0-10cm 2 o™ k& 10 — 20 cm 34 3 > 12 40 mL 3 IN
NHsOAc (pH 7.0) #kie =x » B #0432 e 3 > i {873 7% 2 NHsOAc Z_
1 100mL- R 3 ~iEigd ®r XRR © AL E T o F2F L OSUIFRFE S AL R
H R e NHy > £ 02 40 mL 2 N KCl e s =t » -4 =8 + e
NH4 2 KT8 #% 41k > ki 2 KClL 2.8 2 100 mL 8 %75 - NHsOAc F B-j 12 %
& 3% S sk Sk 3 ik (Atomic Absorption Spectrometer, Sens AA, GBC, Dandenong,
Australia) Bl TR 47 4T S 4EB 3T 78 cKCL X BRI * 4285 F T4 (HI

4101, HANNA, Michigan Instrument, USA) » /p| & NHsE B » £ 3 8 = B3+ 2 3%

.p

FEORREMEBREI B IMEBRET T E 0 52 cmol kgtsoil £ 7 o
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223 &A%
(1) ¥ #i-i& F (N-mineralization)

FPdp g 30gicd £00-10cm B2 # 2 B LI o SR AT 60%
+ 7 -k & (maximum water holding capacity, WHC) » H % fic 4 4 B i -k & i 2
(Harris, 1981)» & ** 25°Cen‘gy 45 28 ® (Carter and Gregorich, 1993) - %75 E 42 ¥ »
FHFEAERF 30min - * L AIFET I F Mo AL B s
#oo4u2 05 MKoSOs 58 (2 25 E £ 284 5 1:10) (Williams ef al.,
1995) » % 180 rpm R ¥ lh BB FBR > aRr AWM UAREF T &
(perfectlON™ comb NO3, Mettler Toledo, Schwezenbach, Switzerland) £ 4% 3 ¥ = & °
Bl % 2 3 NO3-N fr NHs—N k& (Black and Waring, 1978) - * # % # i i 5 (mg

Nkg'lday!) e+ 5 » 4ot (3) #r7F o

§ it ¥ (mgNkglday!)= {[“%7v 28 % {4 3 32 (NO3—N) + (NHs—N)] -

[ % M7 378 3 3 2 (NOs— N) + ( NHq — N)]}/28 £(3)
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(2) 813C 4r 81N il Z_ (isotopes of carbon thirteen C and fifteen N)

Bl RBEEGZOEFE Y (KAMRFETF S LR litter ~ 2 2B &L F &
P EHEGF E R LT E leaves » 2L IR T 5 o iE #t litter) IR B (S fEBiE
£ % & %34 £ (tin capsule, Elemental Microanalysis, Okehampton, UK) » # ¥ 1 %
& UC Davis Stable Isotope Facility # % % » 2 72 &z s § kAR 2 H 55C
fe 8PN I =% 7 £ 247 - 8°C eipl £ 23+ B & enle =24 v 62 4% 5 (VPDB,
Vienna Pee Dee Belemnite) e =% Wb (2 32 R » SN a2t 8 5 5ehfe =%

Vg F N ke A B2 BARAER 0 A K 23 E et (4) B (5) HrE e

313C (%o0) = 1000 X (Rsample/ Rvepp - 1) R="15cC/2C £ (4)

815N (%0) = 1000 X (Rsample/ Rstandard - 1) R - 15N / 14.N ;T\‘ (5)
(3) 2 345 5|3 B~ (phosphorus fractionation)

2 RAlE w5 B 0 12 Hedleyeral (1982) = 22 F 5B 4% 2 i3
L7 PG R P B (B 6) ¢ 454 ~ NaHCO; ~ NaOH £ HCl % 3 3~
Aok o B9 B e NaHCO; 5B~ 1) eh %97 & 4885 5 labile-P (B 12a%) > 5 4
BhAU* 2 B3 Ak S NaOH 52~ 5 & Fe~ Al § i P rganm » S5 ¢ S B
A HZEBME XL ME AR 2 B (Cross and Schlesinger, 1995) 5 HCl
PRt S Rp B CadtRd FRBERSF AL 0 S I BAE -

F2B~05g0 2K 0—-10cm o™ & 10-20cm 3R B4 4 > & B 7|5 B2 11 0.4
g hfity (resin) ~ 30 mL 0.5 M NaHCO; (pH = 8.5) ~ 30 mL 0.1 M NaOH 4= 30 mL
IMHCI X8> 2 @SB 02 F 16 FF > L UGS E RSP RE
AR EpOTE AT AMPERT - 532 5P 27 5 NaHCOs {r
NaOH ch% B~ » 12 0.9MHS04 2 1.0 g il fifledo & 177370 @ § 4 4 2 v o
W3R 27 £ (NaHCO3-TP fr NaOH-TP)> # 4% (NaHCOs-Po fr
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NaOH-Po) P 3 2#4 (TP) B2 R 54 f2) v p 2 &85 (P) o

PLh s AL TR T R A 2 MAEE S Bk i AR LS
30%# ¥ 3 (H0) 2 VT‘ TR T EED 2RI BRI EEPIE
(Murphy and Riley, 1962) » 3 S4p 52 5 4 {6 > A KL KR (V- 630, Jasco,
Tokyo, Japan) | Z & S A2 Bk R c B9 > BEpd LRIIEPR2ZER
(resin ~ NaHCO;3-TP ~ NaOH-TP ~ HCI) & » ¥ {¥ 3| Residual-P Jk & ° #ik B ¥ 11 mg

Pkg-l % T ©

0.5 g soil

0.9MH,50,+10gK,}S,0, TP-Pi
0.5 M NaHCO, == NaHCO, Pi NaHCO, TP NaHCO, Po
09MHSO,+1.09K,S.0, TP-Pi
0.1 M NaOH == NaOHPi NaOH TP NaOH Po

1MHCl ——p HCIPI

minus
conc. H,SO,+30% H,O, —— TotalP = Residual-P

B 6 B A 5|5 Bchiniz s 3 W o

Fig. 6 Schematic figure of phosphorus fractionation process.
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(4) BER Js enle ) i 55 sk A 47

BT E S W UG A RS e HEER RS HFIEL O
(National Synchrotron Radiation Research Center ; NSRRC) 7 16A & g % » & {754
~ % K-edge X x4z k3 4~ 47 (X-ray absorption near edge structure , XANES ) - &
SRl I R Zr B RE £ 0 ™ Zr gk jif % (LI absorp edge at2222.3eV) i
TOm B E o R SR 0 RN RS RIR B R ER T AIEFE Y L RE
PR AT G F o 2 BE AT LS F LB R AR Tk
34 $7°NSRRC Bz 2 B 5 %kt £ 5 1.5GeVr16A & g s s ki 5 Si(111)
double crystal monochromator > & x4 c7id jB| % @ * XR-100SDD (silicon drift detector,
AMPTEK) o # &-p] € pFenig £ 0 ~ & e BIp e dr=idics LRl R Benit 3 8
B iRgER ot 1977 o #7 8 #dp 2 ATHENA T 21 (normalized) B f< 2140-

2200 eV i& 7 5 B * i o

% 1 B} Kedge X ksfciTif g 2 it EFF ~ e &=t & Rl R 8
CEH BB G
Table 1 Energy range, recording numbers, energy increment and dwell time for each

measurement of phosphorus K-edge X-ray absorption near edge structure.

Energy range = Recording Energy increment for Dwell time for each

(eV) numbers each measurement (eV) measurement (s)
1 2106 - 2125 19 1.0 2
2 2125 -2145 40 0.5 2
3 2145 - 2160 75 0.2 4
4 2160 - 2185 50 0.5 4
5 2185 -2225 40 1.0 2
6 2225 -2471 82 3.0 2
20
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224 %% HEER B LA FAL (water potential) £ # £ B

Jam

AER S T a ¥ BRIty

4

APEHNI EHBFET R S
FORAIEERE AR LY TR I A- FEIEERE AT H
BEAR o FEEA 2016 £ 6 % 4 p > i p|® (MPS-2, Decagon Devices Inc.,
Pullman, WA, USA) Bl & % 2+ (29 10 cm ) =g B ok & e > R BA]
Em50 Digital Data Loggers (Decagon Devices Inc., Pullman, WA, USA) %4k > = 4

FHERPEFFALINREFRINUEP T I S FEATFIERY

IN
~

| P e -
ks BRI E B AT 2016 £ 8 0 6 P 0 2 EHE G X Ravk e Fua Rl E B4

2016 # 8 * 20 p -

225 2 £E%

ZERFCARRFH L FHHF LR AABBET LRI Z BER
IHEFREEKFEIEALESmm ERL R ER O 2R o T R
B Al 2 ] BT 4B AIT > FAEAJL S £4F 0 £ 3(2 ) x2(F
BRI A ) x4 (d2) x S (£47) =120 2 -

WA B oo eypw A ATE o F e £ 543 20 - 300 kg ha! year! 2 B
(Nakaji et al., 2001; Niinemets and Kull, 2005; Santiago et al., 2012) » ® Nakaji et al.
(2001) =¥~ 5 BgoF » % 12 § % 57 kg ha! year! it i w A4 £ £ 0 @ %2 300 kg
ha'! year! ¢ F1§ ghrt 4 fFm HRe A2 E B S o FR AL § et £
#* 60 kg ha'! year! o g9 cr35 % £ 4 50 kg ha! year! (Finzi, 2009; Santiago et al.,
2012; Turner et al.,2013) » & §_4 %+ 10 - 60 kg ha! year'! (Niinemets and Kull, 2005) >
GERIE SRS ST AN R S SRR S - R P R
(NH4NOs, 60 kg N ha'! year!) ~ g9 (KH,POs, 60 kg P,Os ha! year!) ~ § &5
(NHsNO3+KH2PO4 > %5 % £ £ 5 60kghayear!) 222 25932 $tpp e » 27 > 60kg

N ha'l year! éh§ # 4 5 2 =t 4e » A 32016 & 3 % 19 p 222016 # 8 % 30 P
21
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AT FRAE QAT 2016 & 37 19 p - =E A o RAONEE Y I BRSO KR

DREPEI B LB L

-

BE w0 BE TSR R 0 2R
s BB 2 B E 2B PR - AT BB WL TR KT 16 BT 5 (#2016
E37 19p312017# 6" 30p) iBfFEiE- Ny BEWIETR -

it RAR BT R vl AR AR R R A A -

BRI R 0 2RI 553 B (Dubois er al., 2000) (5% 6) o vt ] wTA 4

s
7
i
\ﬂ

- X BRI FMMBOLE > F AL E AR EET R AILT 2 &

Seedling volume increment (cm®) =[(d2 +2) A2 x hy - (d1 +2) 2 x hy] x T+ 3
(3 6)
d; and h;: seedling groundline diameter (cm) and seedling height (cm) on March 19%, 2016.

d> and hy: seedling groundline diameter (cm) and seedling height (cm) on June 30™, 2017.
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226 FHA 4

Fet3t 0 R (3.3.1) H 7]+ % £ #~ 47 (one-way ANOVA) # 2 Tukey HSD
EEE SR T A7 Bicdp £ i 7 Shapiro-Wilk % f& # % (Shapiro-Wilk normality
test) » FHE A F ALEF L LE (p<0.05) 2 log gk - # H 3 & S pig ¥

PR

LA R AT AP AP AP E L I e AR R P S 2

MpH @~ 3 #58 ~ SBF ~ F A EF ~ CEC R4 K~ 24l M2~ 241

Ca* ~ 5P~k R ~8°C 8N % -

bl

AL L ERF - FlF ¥R A7 (two-way ANOVA) » v i 3 fa 4k % 1 3
(REM-G1, DEP-SEC and UND) £ 4 %5 &2 (C,N,Pand NP) 2 &% o 1 4
BT g g8 2 BulE b0 P H T % B #ics 47 (one-way ANOVA) » 4 B 4
F2BES (R AR A R ET) BRI (R A b T) o

B85 32 Tukey HSD & (7 % {6 & 2o
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3. %%

4k

3.0 FEEF

FIH® P Faobifg s 1 2 8F 8

4"‘X
pe]

I EHEGER L EHR

'J""A“—’T-—?F N :Ki’H‘ia.ﬁ“ W o~ A l’H‘ﬁtf? ?F?E?Lgﬂi%’fi?v ’ ",% K ?k‘gﬂﬂfafi?v 10-20cm

=

LR FARE S (sandyclay loam) ¢ H s 13 % L E) T 2 (sandy loam)
(% e AR FRfr2bd kv IR KRB L IOYRZ A > F 2 &1 F
BEAT R 2 EH8F X 2 AR TE R0l TR R EHE S LAY
§ o1& L 25Y (% 3)-

JHEORREBA AN LI -1.6gemI2 W (£ 2) NI EHBFETRLAO-
10cm # 3 F A4 BB R 5 1.620.1gem BEFF > H 8 B % (p<0.05)-
BB AE L EAE LA IHRBAERE 14£01gemd) 2 28FF ¥ % (13+0.1g
em¥) -~ 2 EHEETLFE (12202gem3) 22 H3af R (1.2+£02gcem?®) - 2L
BERDNG RS A (1.1£01gem3) - T 10-20cm 2 3 = 2 R F
Bt H B E R PR R AR A5 5 12£02gem3 2 12£0.1gem®» ¥ &
¥t H 8 R (p<0.05)

AL OBRFIRDT TFANI-T2%(F 2) ik 0-10cm 2 3¢ >
W3 ERBRET RO EF B 0 R T226%  H A A LA R (652 13%)
P EHBF AT (5T£15%) = 2 AT (50£23%) A Hm KT (44£20%)

BEX RN EFERM o 531 +21%- T A 10-20cm F HEILA DR
BHAEF (1£11%) AP FF > EX52 2865 X% (67£15%) 0 ¥ b
T AR E (45£28%) ~FLAEMETE U5£19%) B FHEZLE (46£22%)

EE RS E
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2 ERFAIETE CRMBAEIRF B ToE  FRELLAT > ARFAALELETEIHEFARE (p<0.05) -
Table 2 Soil texture, bulk density and rock fragment at each site. Mean =+ standard deviation. Different letters mean significant difference (p <
0.05) between sites.

Site Sand Silt Clay Texture! Bulk density? Rock fragment?
(%) (%) (%) (g em?) (%)

0-10cm 10-20cm  0-10cm  10-20cm 0-10cm  10-20 cm 0-10 cm 10-20 cm 0-10 cm 10-20 cm

REM-NG 53+£2 ND3 32+£2 ND 15+2 ND Sandy Loam 1.6+£0.1d ND 72+6b ND
REM-G1 59+5 58+7 304 30£6 12+2 13+1 Sandy Loam 1.3£01bc 14+02b 57+15b 67+ 15 be
REM-G2 70+ 7 73+4 22+5 21+4 8+3 7+2 Sandy Loam 12+02b 14+0.1b 31£21a 46+22a
DEP-SEC 64+7 60£6 27+5 30£6 9+2 11+£3 Sandy Loam 12+02b 12+02a 50+23b 45+28 a
DEP-PLA 63+6 62+6 24+3 24+3 14+4 15+4 Sandy Loam 14+0.1c 1.5+0.1b 65+13b 71+1lc
UND 55+6 51+6 27+4 27+4 19+3 23+3 Sandy Loam (0-10) / 1.1+0.1a 12+01a 44+20ab 45+19ab

Sandy Clay Loam (10-20)

Soil samples at 6 sites, including removal sites without vegetation, REM-NG; removal sites with vegetation, REM-G1; removal sites with
vegetation at a gentle slope, REM-G2; deposition sites with secondary forest, DEP-SEC; deposition sites with plantation forest, DEP-PLA and
undisturbed sites, UND.
! For soil texture, n = 5.
2 For bulk density and rock fragment, n = 21, 21, 24, 39, 18, 27 in order.

3 ND means no data.
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Z 3 FHRHRIE2Z BRI Bgp L gt d oo

Table 3 Munsell soil color at each site under dry and moist conditions.

Soil sample , Soil sample _
0-10 cm dry moist 1020 em dry moist

REM-NG 1 2.5Y 572 2.5Y 3/2 REM-NG 1 ND! ND
REM-NG 2 2.5Y 572 2.5Y 3/2 REM-NG 2 ND ND
REM-NG 3 2.5Y5/3 2.5Y3/3 REM-NG 3 ND ND
REM-NG 4 2.5Y 572 2.5Y 32 REM-NG 4 ND ND
REM-NG 5 2.5Y 572 2.5Y 32 REM-NG 5 ND ND
REM-NG 6 2.5Y 572 2.5Y 32 REM-NG 6 ND ND
REM-NG 7 2.5Y 572 2.5Y 32 REM-NG 7 ND ND

REM-G1 1 2.5Y 6/4 2.5Y 4/4 REM-GI1 1 2.5Y 5/4 2.5Y 4/4
REM-G1 2 10YR5/4  10YR 3/4 REM-GI 2 10YR 5/4 10YR 4/4
REM-GI1 3 2.5Y 5/2 2.5Y 3/2 REM-G1 3 2.5Y 5/2 2.5Y 4/2
REM-G1 4 2.5Y 5/2 2.5Y 3/2 REM-G1 4 2.5Y 5/2 2.5Y 4/2
REM-GI1 5 2.5Y 5/2 2.5Y 3/2 REM-G1 5 2.5Y 5/2 2.5Y 4/2
REM-G1 6 10YR 6/4  10YR 4/4 REM-GI1 6 10YR 6/4 10YR 4/4
REM-G1 7 10YR5/4  10YR 3/4 REM-G1 7 10YR 5/4 10YR 3/4
REM-G2 1 10YR 4/4  10YR 3/4 REM-G2 1 10YR 5/4 10YR 4/4
REM-G2 2 2.5Y 5/2 2.5Y 3/2 REM-G2 2 2.5Y5/3 2.5Y 4/3
REM-G2 3 2.5Y 4/4 2.5Y 373 REM-G2 3 2.5Y 4/4 2.5Y3/3
REM-G2 4 2.5Y 5/3 2.5Y 373 REM-G2 4 2.5Y5/3 2.5Y3/3
REM-G2 5 2.5Y 5/3 2.5Y 373 REM-G2 5 2.5Y 5/4 2.5Y 4/4
REM-G2 6 2.5Y 5/3 2.5Y 373 REM-G2 6 2.5Y5/3 2.5Y3/3
REM-G2 7 2.5Y 5/3 2.5Y 373 REM-G2 7 2.5Y 5/4 2.5Y 4/4
REM-G2 8 2.5Y 573 2.5Y 373 REM-G2 8 2.5Y5/3 2.5Y3/3
DEP-SEC 1 10YR5/4  10YR 3/4 DEP-SEC 1 10YR 6/4 10YR 3/4
DEP-SEC 2 10YR 5/3 10YR 4/3 DEP-SEC 2 10YR 5/4 10YR 3/4
DEP-SEC 3 2.5Y 573 2.5Y 373 DEP-SEC 3 2.5Y5/3 2.5Y3/3
DEP-SEC 4 2.5Y 573 2.5Y 373 DEP-SEC 4 2.5Y5/3 2.5Y3/3

Soil samples at 6 sites, including removal sites without vegetation, REM-NG;
removal sites with vegetation, REM-G1; removal sites with vegetation at a gentle
slope, REM-G2; deposition sites with secondary forest, DEP-SEC; deposition sites
with plantation forest, DEP-PLA and undisturbed sites, UND.

'ND means no data.
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Table 3 Continue.

Soil sample ) Soil sample |
0-10 cm dry moist 1020 em dry moist
DEP-SEC 5 10YR5/3 10YR 3/2 DEP-SEC 5 10YR 5/3 10YR 3/3
DEP-SEC 6 10YR 5/4 10YR 3/4 DEP-SEC 6 10YR 5/4 10YR 3/4
DEP-SEC 7 10YR 5/6 10YR 3/6 DEP-SEC 7 10YR 5/6 10YR 3/6
DEP-SEC 8 10YR 5/4 10YR 3/4 DEP-SEC 8 10YR 5/4 10YR 3/4
DEP-SEC 9 10YR 5/4 10YR 3/4 DEP-SEC 9 10YR 5/4 10YR 4/4
DEP-SEC 10 10YR 5/4 10YR 4/4 DEP-SEC 10 10YR 6/4 10YR 4/4
DEP-SEC 11 10YR 5/4 10YR 3/4 DEP-SEC 11 10YR 5/4 10YR 3/4
DEP-SEC 12 10YR 5/4 10YR3/4 DEP-SEC 12 10YR 5/4 10YR 3/4
DEP-SEC 13 10YR 5/4 10YR 3/4 DEP-SEC 13 10YR 5/4 10YR 3/4
DEP-PLA 1 2.5Y5/4 2.5Y4/3 DEP-PLA 1 2.5Y5/4 2.5Y4/4
DEP-PLA 2 2.5Y5/4 2.5Y4/3 DEP-PLA 2 2.5Y5/4 2.5Y4/4
DEP-PLA 3 2.5Y5/4  2.5Y3/3 DEP-PLA 3 2.5Y5/4 2.5Y4/4
DEP-PLA 4 2.5Y4/4 2.5Y3/3 DEP-PLA 4 2.5Y5/4 2.5Y4/4
DEP-PLAS 2.5Y5/4  2.5Y3/3 DEP-PLA S5 2.5Y5/4 2.5Y4/4
DEP-PLA 6 2.5Y 4/4  2.5Y4/3 DEP-PLA 6 2.5Y5/4 2.5Y4/4

UND (areca) 1 10YR 4/4 10YR 3/4 UND (areca)l 10YR 5/4 10YR 3/4
UND (areca)2 10YR 4/4 10YR3/3 UND (areca)2 10YR 4/4  10YR 3/3

UND (areca)3 2.5Y5/3  2.5Y373 UND (areca)3 2.5Y5/4  2.5Y4/3
UND (tea) 1 10YR 5/4 10YR 3/4 UND (tea) 1 10YR 5/4 10YR 4/4
UND (tea) 2 10YR 5/4 10YR 3/4 UND (tea) 2 10YR 5/4 10YR 4/4
UND (tea) 3 10YR 5/4 10YR 3/4 UND (tea) 3 10YR 5/4 10YR 4/4

UND (plumtree) 1 10YR5/4 10YR3/4 UND (plumtree) 1 10YRS5/4 10YR 4/4
UND (plumtree)2 10YR5/4 10YR3/4 UND (plumtree)2 10YRS5/4 10YR 4/4
UND (plumtree) 3 2.5Y5/3 2.5Y3/3 UND (plumtree)3  2.5Y5/3 2.5Y4/3
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32 M EMEF

{1z bt pH B 543044 782 F (£ 4) 2 nid ppgdaiy
FELEEEHE T HeapH Ehd 0 2 0-10em A % 5 78403 0 72406 &
BHERFIEFLE (<005 ZARFRIEF RMIEPH & > H £ K
0-10cm 3 pH E 5 53+£0.60 2L ® 3 EehpH BERIE) > HE K 0-10

FHEE10-20cm 2 EL S5 47205 2 44£04d 0¥ L AF T HR® D
pH B+ RERI ZH B A d > H 5 2 B3 22435 3 3 enpH @A 1 o

TG WRAIcRF 7 E A K 0-10cm 2 3BT A 10-20cm 2 3 (%
)14 K 0—10cm 2 3Edm 3 > 22HNRFIHE DT PRI RFTEE ST > A WG
22.0+6.0(gCkg'soil) ¥2 22+0.6 (gNkg'soil) T2 H s K HIEITHFLE (p<
0.05)c 2 3T WA fri§ 7 BB A 5 04 38 F > SOC 5 17.0£4.0 (gCkg
'soil) # N 5 1.1 £0.4 (gNkg'soil) > *+ 1 4R¥ff % > SOC 5 12 +2.0 (g C kg soil)
BN 14401 (gNkg'soil)» £ kI 4 245 5% > SOC 5 9.0+ 3.0 (g C kg

soil) 2N % 1.0£0.1(gNkg'soil)» 2+ 2HH=% % > SOC 5 9.0+4.0 (gCkg'

£

soil) # N 5 0.8+03(gNkg'soil)> ¥ 2HdEL Fez £5° > SOC 5 3.0
£0.0(gCkg'soil) 2 N & 0.6+0.1 (gNkg'soil) o d p+# L » AFTF & T 5

el F R A REMAEHML LI > F 302 }.i@,\;ﬁ[{‘@ii*, B LAY o

B L F LA Ca¥ Mg s KT8 1A K 0-10cm 233
Tk 10-20cm * 3 (£ 5)- ﬁkz\% 0-10cm 2 3Em 3 » 7 ik 5 BP0 2830 4%

FERBOBRETISFELISEKGE > 2w 5 303 +5.7 cmol kgt &
0.38+0.18cmol kg™ » ¥ 114 B @K T § I H @A 5 5311 cmolkg
Lgr 0.14+0.03cmol kgl = & » 24 p Ca 2 A P Mg 11 2 2 BB a5 % 5 &
B% 0 A% % 6.50+1.87cmolkg™ £ 1.73+0.20cmol kg™ » B ¥ & 0=k 2 o fE ®

Fot MR 2 (p<005) e d 57 LI LHB T 3 B H MR H
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o4 BHF2E pH B F WA BT HF AR o B Tk = BB LA AR A LERDIHFLE (p <

0.05) -

Table 4 Soil pH value, SOC, total N and N-mineralization rate at each site. Mean + standard deviation. Different letters mean significant

difference (p < 0.05) between sites.

Site oH SOC N N-mineralization rate
(g Ckg'soil) (gNkg'soil) (mg N kg! day™)
0-10 cm 10-20 cm 0-10 cm 10-20 cm 0-10 cm 10-20 cm 0-10 cm
REM-NG 7.8+0.3d ND! 30+00a ND 0.6+0.1a ND 04+0.1a
REM-Gl1 6.3+0.6¢c 6.5+0.7cd 9.0+3.0b 6.0+10a 1.0+0.1 ab 0.8+02a 09+04b
REM-G2 72+£0.6d 72+£0.6d 9.0+4.0ab 50£20a 0.8+0.3 ab 0.7+0.1a 1.5+1.0b
DEP-SEC 53+0.6ab 4.77+0.6 ab 17.0+4.0¢ 13.0+3.0b 1.1+£04b 09+04a 43+24c¢
DEP-PLA 5.7+0.7 bc 5.6+ 0.8 bc 12.0+ 2.0 be 60+10a 14+0.1b 0.8+02a 38+1.2c¢c
UND 47+05a 44+04a 22.0+6.0d 17.0+4.0b 22+0.6¢ 20+£03b 7.1+25¢

Soil samples at 6 sites, including removal sites without vegetation, REM-NG; removal sites with vegetation, REM-G1; removal sites with

vegetation at a gentle slope, REM-G2; deposition sites with secondary forest, DEP-SEC; deposition sites with plantation forest, DEP-PLA and
undisturbed sites, UND.
For soil pH, SOC, N and N-mineralization rate, n =7, 7, 8, 13, 6, 9 in order.

I'ND means no data.

30

d0i:10.6342/NTU201703115



25 LHEROIEBREFI AT EEIRE K Mg Ca¥ i R B Tk - BEL LT AR FA AL LEER T
Z2 (p<0.05)-
Table 5 Results of cation exchange capacity (CEC) and exchangeable cations K*, Mg?" and Ca®" at each site. Mean = standard deviation. Different

letters mean significant difference (p < 0.05) between sites.

) CEC K* Mg Ca*

Site (cmol kg™) (cmol kg™) (cmol kg™) (cmol kg™)
0-10 cm 10-20 cm 0-10 cm 10-20 cm 0-10 cm 10-20 cm 0-10 cm 10-20 cm

REM-NG 53x1.1a ND! 0.14+0.03 a ND 1.73£0.20d ND 6.50+1.87b ND
REM-G1 73+0.7a 58x1.7a 0.17+0.06 a 0.1+0.04a 145+£030cd 1.42+038c¢ 2.30+0.54ab 2.40+0.89 ab
REM-G2 13.7+£39b 53+24a 0.19+0.07ab 0.11+0.04a 1.21+£0.28bcd 1.17+0.27bc  3.24+0.68ab 2.68+0.63 ab
DEP-SEC 169+53b 11.2+24b 0.34+0.16b 0.21 £0.07 be 0.78+0.62ab 0.58+0.57ab 199+140a 1.02+0.91 ab
DEP-PLA 129+3.0b 7.1+1.8ab 0.20+£0.03ab 0.13+0.02 ab 096+024bc 0.89+£027bc 2.84+190ab 2.86+1.71b
UND 303+£5.7¢ 19.6+39¢ 0.38+0.18Db 0.28+0.10¢ 0.31+0.16a 0.16+0.09 a 1.33+1.02a 0.81+0.57a

Soil samples at 6 sites, including removal sites without vegetation, REM-NG; removal sites with vegetation, REM-G1; removal sites with

vegetation at a gentle slope, REM-G2; deposition sites with secondary forest, DEP-SEC; deposition sites with plantation forest, DEP-PLA and
undisturbed sites, UND.
For CEC, exchangeable cations K*, Mg?" and Ca®", n = 5.

'ND means no data.
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0.5%fF »F 2 2HFF EREI FHEHEZTL R DN B M 438-1.9£0.6--0.0
+ 1.1%0 F > BEo7 2L H 3 T e g UATR A Ak G B g R W OUN &g o A=
R GHFF A BEE FHB A

hasc Hedley B 7|3 B3 kv » L ABEBGEE; EEAR DB MLE
K 0-10cm 2 B> T A 10-20cm 2 3 > R 2 HEFAA BT R L HEBI LD
AR e Jed ok 0-10em 2 A S 0 A EBRAR T 08k 3§ 1433742519
mgPkg' B F » EFRH© H3bp 23E (p<0.05) HLIEBEmFE M0 316
—389mgPkg! (% 7)° et > M T F £ § o ]abile-P (Resin-P ~ NaHCOs-Pi
#2 NaHCOs3-Po %fr) > @ 3 7 # & & ¥ T 9 labile-P & > o =t 4 k3 fF % 14
Residual-P 7 ##2 % » k8850 45% (142.4 £ 41.7 mg P kg') » # = 2 NaOH-P )
AL b 5% 0 35% (NaOH-Po % 66.8 + 16.0 mg P kg ¥ NaOH-Pi % 44.3 3.5 mg
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(p <0.05)

Table 6 Results of 1*C and °N for soil and leaves (litter) at each site. Mean * standard deviation. Different letters mean significant difference

(p < 0.05) between sites.

Site oBC 0N Site oBC 0N
(leaves or litter) (%o0) (%o) (soil) (%o) (%o0)

0-10 cm 10-20 cm 0-10 cm 10-20 cm
REM-NG ND! ND REM-NG 244+04a ND 22+04c¢ ND
REM-GI1 leaves -12.6+0.1 -6.4+0.5 REM-G1 -169+08b -17.0+£0.8¢ -1.9+0.6a -02+1.1a
REM-G2 leaves -11.7£0.1 -3.6+0.2 REM-G2 -194+03b -206£0.1bc  -02+0.8b -0.0+1.1ab
DEP-SEC litter  -29.2+0.3 -1.8+£0.1 DEP-SEC -26.1+25a -251+£23a 1.0+ 0.6 be 1.9+ 0.5 bc
DEP-PLA ND ND DEP-PLA 274+02a -258+03a 19+05¢ 31+05¢
UND litter 27.2+0.7 1.9+04 UND -253+04a 247+£09ab 49=+05d 51+02d

Soil samples at 6 sites, including removal sites without vegetation, REM-NG; removal sites with vegetation, REM-G1; removal sites with

vegetation at a gentle slope, REM-G2; deposition sites with secondary forest, DEP-SEC; deposition sites with plantation forest, DEP-PLA

and undisturbed sites, UND.
For leaves (litter) and soil §'°C and 8'°N, n = 3.

I'ND means no data.
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Table 7 Results of soil phosphorus fractionation. Mean =+ standard deviation. Different letters mean significant difference (p < 0.05) between

sites.
Site Resin NaHCO3 Pi NaHCOs Po NaOH Pi

(mg Pkg™) (mg Pkg') (mg Pkg) (mg Pkg™)

0-10 cm 10-20 cm 0-10 cm 10-20 cm 0-10 cm 10-20 cm 0-10 cm 10-20 cm

REM-NG 79+1.7a ND! 11.2+ 6.9 ab ND 16.8+2.5a ND 13.0t4.0a ND
REM-G1 11.7+2.2ab 10.9+3.2 ab 48+24a 35+18a 23.8+2.4ab 70+26a 18.8+12.6ab 17.6+t13.2a
REM-G2 19.2+8.2b 123+ 5.7 ab 15.1+9.2 bc 58+ 1.6ab 23.6+5.7ab 251+45Db 37.0+9.4 bc 20.8 £ 6.6 ab
DEP-SEC 83+32a 7.1+23a 11.4+ 1.7 abe 25+1.1a 23.1+64ab 20.6+55b 443+35¢c 37.3+8.0ab
DEP-PLA 22.1+58b 186 £79Db 347+142¢ 159+9.6Db 28.7+53ab 341+1.0Db 80.9+253¢ 72.5+262b
UND 253.2+90.5¢ 183.2+51.1c¢ 218.7+58.8d 163.2+26.7 ¢ 59.6+42.1b 228+ 123b 3743+40.8d 414.1+27.0c

Soil samples at 6 sites, including removal sites without vegetation, REM-NG; removal sites with vegetation, REM-G1; removal sites with
vegetation at a gentle slope, REM-G2; deposition sites with secondary forest, DEP-SEC; deposition sites with plantation forest, DEP-PLA and
undisturbed sites, UND.

For soil phosphorus fractionation, n = 4,4,4,4,3,3 in order.

I'ND means no data.
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Table 7 Continue.

] NaOH Po HCI Residual P Total P
e (mg Pkg) (mg Pke") (mg Pke) (mg Pkg)
0-10 cm 10-20 cm 0-10 cm 10-20 cm 0-10 cm 10-20 cm 0-10 cm 10-20 cm

REM-NG 154+52a ND 309.5+10.7 ¢ ND 03+95a ND 3741+6.0a ND

REM-G1  28.9+94ab 153+3.0b 207.2+£1199bc 191.0+127.0b 57.8+81.2ab 81.9+89.5 353.0+226a 3272+274a
REM-G2 199+11.8a 57=+13a 153.7+47.6bc 139.4+48.6b 73.3+42.0ab 1282+54.8 341.8+248a 337.4+23.1a
DEP-SEC 66.8+160b  58.8+12.6c 202+5.1a 157+73a 1424+41.7b 197.4+473 3166+56.6a 339.4+679a
DEP-PLA 67.4+6.7b 340+£127¢c 723+£16.1b 66.3+215b 83.4+339ab 1283+27.3 3894+547a 369.7+519a
UND 275.0+43.6¢c 128.8+22.8d 88.1+40.1b 53.0+20.8 ab 164.7£61.0b 207.6+£10.0 1433.7£2519b 1172.7+939b
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Table 8 Results of soil phosphorus fractionation, data expressed as a percentage of total phosphorus in each type of phosphorus (%).

] Resin NaHCO3 Pi NaHCO3 Po NaOH Pi NaOH Po HC1 Residual P
e %) %) %) % * % %
0-10  10-20 0-10 1020  0-10 10-20  0-10 10-20  0-10 10-20  0-10 10-20  0-10 10-20
cm cm cm cm cm cm cm cm cm cm cm cm cm cm
REM-NG 2 ND! 3 ND 4 ND 3 ND 4 ND 83 ND 0 ND
REM-GI 3 1 1 7 2 5 5 8 5 59 58 16 25
REM-G2 6 4 2 7 7 11 6 6 2 45 41 21 38
DEP-SEC 3 4 1 7 6 14 11 21 17 6 5 45 58
DEP-PLA 6 5 9 4 7 9 21 20 17 9 19 18 21 35
UND 18 16 15 14 4 2 26 35 19 11 6 5 11 18

Soil samples at 6 sites, including removal sites without vegetation, REM-NG; removal sites with vegetation, REM-G1; removal sites
with vegetation at a gentle slope, REM-G2; deposition sites with secondary forest, DEP-SEC; deposition sites with plantation forest,
DEP-PLA and undisturbed sites, UND.

For soil phosphorus fractionation, n = 4,4,4,4,3,3 in order.

I'ND means no data.
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Fig. 8 Soil temperature (°C) at removal sites without vegetation, REM-NG; removal
sites with vegetation, REM-G1; removal sites with vegetation at a gentle slope, REM-
G2 and deposition sites with secondary forest, DEP-SEC, recorded from June 2016

to June 2017. Data were expressed as (a) raw data (b) daily average.

41

doi:10.6342/NTU201703115



(a)
—~~
®© 07 ¥ Y v vV
i N
S -
©
=
C  -20
(O]
-—
(@]
Q. _30 -
| -
(O}
©
= “07 | — RremnG
i ——— REM-G1
o) REM-G2
¢» 301 | — DEP-sec
‘60 T T T T T T T T T T T T T
Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.
month
1
~
(T
o
=
N
©
“—
C
)
-+
o
o
| .
[0
-
©
= —— REM-NG
— -6 | —— REM-G1
) REM-G2
¢ 7] | — DEP-SEC
-8

Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.
month

B9 2EHFaELFH REM-NG) -~ 2 #z#% 3 ¥ % (REM-Gl)~ 2 £ # &=
3% (REM-G2) &= 24 tkdnff % (DEP-SEC) 1t -k~ %5 (MPa) > & B
PER S 2016 # 6 % 2 2017 # 6 % - Y #hde Fl4 B2 (a) 0 31-60 MPa (b) 0 31
-8 MPa % 3R o

Fig. 9 Soil water potential (MPa) at removal sites without vegetation, REM-NG;
removal sites with vegetation, REM-G1; removal sites with vegetation at a gentle
slope, REM-G2 and deposition sites with secondary forest, DEP-SEC, recorded
from June 2016 to June 2017. Y-asix represents water potential at scale of (a) O to -
60 MPa (b) 0 to -8 MPa. 42
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Fig. 10 Seedling volume increment from March 2016 to July 2017. Liquidambar formosana
planted at (a) removal sites with vegetation, REM-G1 (b) deposition sites with secondary
forest, DEP-SEC (c¢) undisturbed sites, UND soil and Cyclobalanopsis glauca planted at (d)
REM-G1 (e) DEP-SEC (f) UND soil. Meantstandard deviation. Different letters mean

significant difference (p < 0.05) between fertilization treatments.
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Table 9 Results of seedlings fertilization. The data showed the volume growth of seedlings, represented as mean + standard deviation.

Different letters mean significant difference (p < 0.05) between sites or fertilization treatments. Capital letters for row and small letters for

column.
Liquidambar formosana Cyclobalanopsis glauca
REM-G1 DEP-SEC UND REM-Gl1 DEP-SEC UND
C 89+23Aa 169+3.0ABa 252+98B 32+06Aa 75+3.1ABa 13.2+58B
P 10.1£14Aa 19.1+£4.5Bab 28.7+2.5C 30£0.7Aa 82+22Ba 11.8+1.8C
N 15754 Aab 264+ 53 ABab 342+85B 63+13Ab 13.4+2.8Bab 20.1+£6.3B
NP 19.6£52Ab 29.7£9.7AD 246 +9.0A 44+1.6Aab 164+ 65Bb 18.4+8.7B

Soil samples collected at 3 sites, including removal sites with vegetation, REM-G1; deposition sites with secondary forest, DEP-SEC and

undisturbed sites, UND.
For seedlings in each soil under each fertilization, n = 5.
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Table 10 Results of two — way ANOVA for Liguidambar formosana.

factor df Liquidambar formosana

F p
land soil 2 25.7 2.85E-08***
fertilization 3 6.1 0.00139**
land soil : fertilization 6 1.9 0.10186

The F-values and p-values are presented for effects of land soil,
fertilization and land soil : fertilization stages.

3011 F RS- T3 BB EA 5%
Table 11 Results of two — way ANOVA for Cyclobalanopsis glauca.

factor df Cyclobalanopsis glauca

F p
land soil 2 36.8 2.44E-10***
fertilization 3 7.4 0.000362***
land soil : fertilization 6 1.0 0.416105

The F-values and p-values are presented for effects of land soil,
fertilization and land soil : fertilization stages.
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B AR R B R FEAHERTFRNELRT S B - A 1 EHE
FHEFS ARG > kFH AR P AERRKG S RFH LI L TR
B I3 d A AR AR F K
WL EAWMRAEIZ 2F 484212202 -1.6+0.1 gem™ 22 31 £21
T2+6 %R o B BRE D AFAT #HME RN BB ROI1.0-1.7 gem
3 (Sparling et al., 2003; Singh et al., 2001) 4pfiz o ¥ ¢t » tkHH% (2009) @ & 4 >
SR (e HR R AR R AME) R T EeH M E (A
ZITHEATR) I HF R ARHTRE (1.8lgem?) B | s B & o

AFTERETERIFHFEAL R B F P HEMEAE (1.6£01gem™) & 3

,.\
~J
N
H
N
S
3
4
‘14
ey
ki
=i
4
=l

gz’—% t‘sﬁﬁ’gﬁ$)§"b Al z’ﬁ%f"‘ﬁ:‘:?p’

iﬂ‘ii‘]f_@i&ﬁt%;{ﬁ@m .*35—? » GlAeE AT A RGERRE B Y e T T s £
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CEN ST S | HIFRET AR RIEAR & B3R 1S 7 3k £ Ry
dON A M RN R EESH G B WA RN B AR TR

e PEEFEREOLEIE S REFA IR IRRE P EFEEMRR

o

AHBHEFF RPAHBE SV RS LRI B BRI BRI T B
B e g ' 2 R A% R (Curtis and Post, 1964; Perie and Ouimet, 2008) &
ST OHBER Y O XA HMAFE FHFIETH AL (0-10 cm) il i
BMGRE TP FRBTANURER (CAMBRPEAUREREHEFLE
P <005 B Rt S5 TREE  BWRAED KRBT H T Lok

s BRERFpIETTEL Z4 (Reicherteral,2009) > + d 7 Lizd % o
A FERFESEFS (AR vs AT HIEFR > T EBBILFH vs 2

?’ﬁﬁ”’ﬁ EFE) e
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42 1B F

HIE e T (2 FH S ) B fia) 2 pH B b TR 4 2N

HHERBOHETLT Y B #% g  2 pH Eent 2 (Singheral,2001; Cheng
et al., 2016) - #3124 % & pH B g ME2* Bah  fog 5 f ufJ B oo
83 ¢ HRUR K cPRTE S ¥ 212 £ K (Schrumpferal., 2001) F@ # 4c pH & >
ded o ek kS PATE 2B F R A (X AR5 2007)0 * B 7GR
BFGHF - HBEF TR PEBE 2 2 RRG A FBIRMR TR
et EpH B o % ? M2 FBBELTHT RF HpH E (7.82+£0.29) 0 22l
BHERIHEFLRE (p<0.05)-

ApE B EHERER G B MapH B (4.66 £ 0.5 -439+042) 0 FiRpEE

MR R AP R M § K pH BV i fr d FRFRMENM
SRR SR TR TR R LR BAE O LR B Ry 0

S HEEL) 9= 0 "F M1 3 pH B (Jobbagy and Jackson, 2003) > 4 F s E 7

FRoHZEARS > 2 pH EARK o AR R HG Pt FHBG TR

4"“;

FiERRE RELIEpH R o HFAX FhpH EM o Apk 5% R
%iﬁ&gﬁ’l :‘ﬂiia‘jfi EIERER: bﬁﬁﬁ’x Ao RS 17 & »pH & ¢ TR R

BEFALR (p>005) 2LH®EFEF P pH B 7oA 4% 5w (T L

o

FoFIAEBRT LYY ORI FF{eRF] A B AR F R
Sl et g% K2 g ehpH @ (Malhi et al., 1998; Vasik et al., 2015) -
B4 BTIRT F RS PREREF AL AN A BIRBE HFL
frER R T 0 2 2 o4 A4 oHE L4515 (Robertson and Vitousek, 1981;
Ollinger et al., 2002; Abbasi et al., 2007) o 2 3 F G52 H s § % Sy ]
2 (Singh et al., 2001; Yoo et al., 2006; Wilcke et al., 2003; Cheng et al., 2016) » 2 3%

Tr 31 2K 3EF WA BRI FRB R I ERE ARG RO ES
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HroREIEG PBREFRTEAERFDZIE R 2 RIS E [ A R
HIFEFWEFE2F 729 w2l HRT o

FWARARE S PEIRSBR IR PR AL RFTLF VIR

it i 4p B (Zarin and Johnson, 1995 ; Abbasi et al., 2007) o 3 % # & e 842 14
M TR MOTERE RS BT HBRS LT EE A K o 24k Mg
¥ 3 Krendd % ¥ Wilcke e al. (2003) #@ 5l %4pk » 2 23fiiut 2 7 H &
@%QﬁﬁKﬂ’&QﬁﬁMﬁﬁﬁoﬁﬁiﬁﬁcf&@%ﬁéﬁzk’Hi
FAB LS N P AIAHBE R ST A EFIL o LR R F Ak
HA2ga 4z Ca®' s o bt s Ca¥" B Fla 4 2B HD

1P Ca AHIIEHBETTE -
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4.3 % A7 1%

BUC g h T iR A HMAFH I LI L L P BE A L BABIE
FELIEHEFF R LE D CA RS R E e SB RS v L A AR
LM S 5 E (2004 E) ¢ 4 X ARG 0 KRG T HEF X R AN
Eprh A BE o I 4 PESRER > 2 BB ET RS 9L 4 2000 &
AP A BT TR T AR AR SRS AP B PRIEE 4 oL
E.Eﬂiﬁuﬂi"ﬁ“f TR AA B BB IR EI T A A E AN
it % e C4 fu 4= 4 £ 22 = (Breshearseral., 1998; Choiet al.,,2001) o X @ = 2 xRt ff
T MR B h i AER A S S AR 4 T A 2 2
T A R P A

B SR R R - 0 T E PRI e iE e
S IR e 4 B LR E B S MR H 400 04£01-38212 2%
B F 7.1£25mgNkg' day’  F %% % & Sparling er al. (2003) i & ff e
B 2BEFHCESF L 04201-44204mgNkg day”! > 2LHIBHE T L 16.6+0.1
mg N kg! day! (14 40 °C %5 7 %) > 12 % Ross et al. (1999) /e & fjf cF £ 4k 2
MF A E S % 29 mg Nkg! day! (1225 °C 7 14 3 ) ihi % IR

B

bl
\4-
-~

BRaeBFER AL 6 BEFFIZHBHEETH -2 2HFF I F

\m&

W

t

BEETEE > OFRENOF B EF > 435036 -1.49 mg N kg'lday! & » ¢

=

HERFTAHREFRFIREFLE p<0.05) - 2 28 & md F i iE 5

RFEL R AR AN SRR E LR oL 2 E R AaRE > LS
- i

PRELSX D AFIEZLERS BRI MMAF 25 2L Fa 84 3§ ¥ g
BORAEERET TOHFRHBLEIIENEEMAE I B BFEAT RE L H
w5 A o

Foobood 3N el R T R A IR T B R R R S
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MRk A RO M2 B v G570 F ATRiEAESY F R @S fED G B F il
fR s e N IE A AR > 2a EH e 2 SN B oom S LA C3 R
o (Aranibar et al., 2004) o d L ¥ 5t B A et 0T 2R R 3 dost 4 4E
MR BT Y FEY #S o Wilckeetal (2003) + 3P| 3t #3 F b 23 o0t g

Fiv i F o A ‘f‘]y\’f;‘j—_# 3 ﬁ?ﬂl‘{'{“ﬂ?

'l

B S 4 B AR o AP BEA A E B2 (Hedley ef al., 1982) ¥

WA LR R A R BEFRSST I e Bo LERRR

FREB S hE MK T S B 1433.7+£251.9mgPkg ! H i R R 45 316
—~389mg Pkg! 2 B » Bgom #abifdnid & #% d gendgi < £R 0 (p<0.05)

55T B EE AR e w0 &K FBecnE % ¢ o labileP 52 &4 iR -
g2 Lfe2 25 B (Adamseral,1989) 5 & T 2 P g 0w 1% 4
M EHEEETFE (0-10cm) labile-P &> > #2702 2 BEET R H
WHETF FF 4eE S R 0 NaHCOs-Po it 23  % ek 7 £ (p>0.05) 7 (75
v I ghenE & KR o

2 T3 ff b2 302 Residual-P fr NaOH-P ik %883 € 8 5 » Residual-P 4

>

RHPESOE T WAL o s -d el * o @ NaOH 1 & XPo4f - 48
F i esengh o 4 2 AR Y BBIRE i F (Cross and Schlesinger, 1995) - #
P A R fE %04 NaOH-Po 5 2 > @ A 1 k3 ff % #r 42 NaOH-Pi 5 i & 4]
feet 2 HIF R AHDEELEED T Ao ErP TSRS PRAL 0 P
MRE S G e N S AR R L fER S G BB T R FlA

TR A R3Ef % NaOH-Po 2 2 7 o & LA 1 HR3Ef RBE R A M {80 4] 2 ik
LR REAE O F BT IR R AT S LI A A g
. NaOH-Pi % *t NaOH-Po 3R % - Dobermann ef al. (2002) % I i+ c9%7 7 7% A o1 »
#35  giiwend J 1 Residual-P 22 NaOH-Po & 3 > ¥ % gide {5 3 SR € 3 4o
NaOH-Pi £ labile-Pic =t 2 R fF Hfr A TR FH L# B S EFLEE 2 72 T4
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Eh A RGBT P RFH AT I B E & KR
(Walbridge et al., 1991) = Guo et al. (2000) ~ 45 ! &% b i 4 3 ¢ NaOH-P % #ii
A g o ¥ (T 5 p {5 labile-Pi ¢ L kiR o

2 F#HEEE % HCLIP 5 5 (309.52 mg P kg') » -5 mk183% » P AEF
HEfr® (3% )(p<005) - HCLP 7 v bld =34 2884 £% 95 58
-59% 0 frd EHBEBETETH 0 941-45% 0 A A HORFEE A TR f R 2t
B T2 HCI-P 7 8 5 > 8 8d14 - 18% 0 d ¢t ¥ 4vd 7 # & g HCL-P
AN 5 A o HCl $Bvchp 4 ¢ R B 748 (Apatite) gt ™ » ¥ Ca btk b
#t (Hedley et al., 1982) » 4 # 2/t~ @ % » Guo et al. (2000) 45 &) HCI-P A

B2 g

ek

A B R VA HEY S w AL MR (Y2 3 labile-Pi o0 &4 L
kihod XANESen % (B 7) ~ %# 2 ## % & % % 3 & § hapatite-P (shoulder
at2157eV £ signalpeakat2164eV)  "THF M B E T4 > ot THEFAT ® D
FEBET AR EHSBTERE DA R F o apatite-P iRk (@ R0 o

Prietzel etal. (2013) %= 3 I th» Br 74 2 chd 3E? A B L R B 2 T

-

F@ § % kB ¢ apatite-P 0 @ W ¥ fRie 4 18 br 4 & o apatite-P bk d& 5 organic-
Popt @ gmec g 1Y giand RAE > d B 7 RS 2 foiw 0 L AR
P #% & 7] it 2. B 4£ %]+ (Cross and Schlesinger, 1995) o

dF ST LB P BBl & R 2 EFHF o T2 R H R
AR kpAEFHR P EERRES T #NEREE EHRFT ESERRLL

RGO o R AT LI A R FX R AORE R E T 7 R
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44 FH%HE T I |ERE KA $ G (water potential) £ #F &
B

IHERIRFEAR TS F T o7 I kA SBETF > 2 BFRPE- »
W HE F 2 s foficy i A A °%ﬁd IR R DT R T R AT fRL L
3R Bk Tl B e R o

JHER ¢ BB kbt £ (Went, 1953) U T RIS S MR 0 3 T
EXFIEPRERLRHZ (B 8 £ F 2 EF B3 H B %% o Pregitzer ef al.
(2000) feAT&E G BN TR AT ERE PR E A 10°C BT ESF R L
FAECRER A PRI HEFFEORE A MHRINIEERT € RF A
FoIEZLFEE > I ics oiw (Kuhnseral., 1985) - Flm d -kt
TRVAIEHBAELT R IR Pt icE o IETBFRE O PLE O
FiTr @R et R > 11 IR E 20 o HRAFG hp TiRE M
1.5 MPa (] 9)»2 » Frd 1 913 i53+-50 MPa crlic & o -k A % i 27 okt
ARt fefgtr Feniid > A -1.5 MPa A 4R 5 X A & X % (Richards and
Wadleigh, 1952) » % -k % 1$>-1.5 MPa § fe@it 4~ $1-k i fc o 8% 4 C3 % C4
{4 efd+ 3 7 5 (Qiand Redmann, 1993) » 7% ¢ "% ijg 4~ 4204 £ £ 3 20%12 7

(Newman, 1966) » #p #3h k 2 2B & X R § 3 ST

'
‘ﬁr\
&
kil
—=\
4

THAOR A EENI IR EIT AR E X LR
W EBEB T E LA HRIRHFEF 0 MR % 2 Breshears ef al. (1998) £ Kriamer and
Green (2000) = 3 4pF B T BT 13 T RE T R 2B RAAROTG Tk
REid ¢332 LA BARALB At A RRLIMARE -2 EHFFLRL LR

BT TS B ok Mo FIE BT NG H T oRAR e (P A % 5 2004)

3

KB B HE A R B A I R RGBT I AT AT UPEFREGD

4m

B (Salem,etal,2015) ¥ ¢b > 2 T ®F ¥R AL T EF o T A LS
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B M T daXfrd 28 FF X v Pfrde? X SBigHE ?

R E P ERBEFECERN G RE L R o L i TR

W

FOREET 4 B ER A S D PI KRR L 2 BB R A

1-2 7 k4 K2-1.5 MPa (B 9) > B2 % ffd 2 H B AT T F R erplE > ® &
K

B s tA0 ) K RanT §FRMEFRE (B 1) F BRI HfE T2 T
BEEZF B ot T E %I g 4 ?ﬁ%ﬁ"”ﬁ ¥R e 4 2R BB S E 5 3
? "§ﬁ’%§’jqﬁ?’wﬂ’]¢/§ﬁ‘&‘?ﬁéco

FARBBRPRDNTER > MFAERERE TSR AT I HEE R O
(Breshears eral.,1998) > & g = 2 B #p ~ % X B R R AR o S 4 I HF RS
I EHEBELT R I %’L—fgﬁ“"? BAFA-15MPa b o 2 2 R GRS
et i G P AMAEE > ¥, 2 4 5 P4 (isolation) » *E 144 B 3
" Z 47 (Shinners et al., 1994 ; Salemetal.,2015) » Fla K iz i 33 2 HHx

FRoRGEHLLE

e
%y

|
r_
ﬁﬂ-

A= —

SR ZAHRBRFF RS T Lo B G
#

FHBTEFH o FHFFEREIFHBAETFALLIXI L Tk g s Ko
PRSI 3 RERA P A EZ AL IR PN E SR A
17 %% % 4p 07 > Armentrout and Pieper (1988) fr Epstein et al. (1997) <%= 7 %1 C3
HREEIEFORE d CA4tEd 5 NI AR 2 P i sy B RRE
oL EA A 0 2R KA R R e 4 R TR AR E
FUC3fES A FEBEAEIRAFNEBASI FHBFILR A CA S

Ao fRAm oo Ry EER - fEE S Zi;”/:_.f‘:‘—;.‘—’%_i\; F it &4 Lo JF’K?

LIER S A S R
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(c) REM-G2

)4
!

Bl 1l 2283 3% -2 HBETFREIAHRBFRAEL CREY (a)
HBEFTER ) 2EHBEETLFR (o) TAMRAFRTL A hE BT (b)
HBEFTER A 2 EBFTLE ) T2HEFFL 2 HhE

Fig. 11 Vegetation at removal sites with vegetation, REM-G1; removal sites with
vegetation at a gentle slope, REM-G2 and deposition sites with secondary forest, DEP-
SEC. Photos of (a) REM-G1 (¢c) REM-G2 (e) DEP-SEC were taken in winter and
photos of (b) REM-G1 (d) REM-G2 (f) DEP-SEC were taken in summer.
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!
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45 2 $#R%

NwapPwifgprd Lo fad NP g BELLFF Ea LR

$4 £ 3 % (Nakajieral,2001)od 2 A A hid S # i d L1 JHENZE

U R P A e o X d FIET PIE ?fﬁf’”ﬁ ¥ vk d

'F'_*
N
M
L0
1A

WA FREF RO TFINA PR EELS R kA e T ARG T o Ny
P NP’ » i{ Zecdlw A2 & o

WAL FRIET SR TEHZBHE Y 5 OOR AR SiE- B X PRR
PE-FAL3I? 2w P2 EESE (B 10) 2 RAPHFLELEE S5 R
LEFG PR FRFIRGS 4 B RRET UERRD ISR AL R

EL

REEELTEE DR BESIETE S S S E & F S RS B

R

()

rs

XK
§

23 R REN ARG R E T IR ARG v A L ARG T M
43 (REM-G1 and DEP-SEC) *5 12 NP {& » ¥ 12 B ¥ A %6 5% g2 > 3 4o § en

4 EE  FRER #2502 N & NP % (REM-G1: N, DEP-SEC: NP) -

bl

T FRAGIRIIR ] FAEE o

B AHRATY WAL FRHEE N & NP 7 PSR T | 5
hd EE B a et FHEREET ARA S NP W BT UEP2EHBHRE ]y h
AEE-RPIFRRFF - B L ALEFHLE A R E G o WA RT
Wil v At A AE A I E B ROE AV PR RSL O URITE Y 60
kgha!yr! AN fo NP ($450 F BiH8m 2) & 2 S o h 4 ERi TRy A2
EARE T RO V- BREF] VA A H P Nl stig S g H N 7T
I e 0 2 S FIF R F]F o e frilAe B B FRFF (W PAKL) K50
PAESWFF > GEDAFETHET S NWEHEMP HP RS NP W
B4 o i A P AL F) S5 (Nakaji er al., 2001) » Fla NP 4f £ 3 L e * 17 1

BIFHEP & A % 0T g7 (Niinemets and Kull, 2005) o ¥ #b > A P % chpd® T > 44,

57

doi:10.6342/NTU201703115



Afri g2 RN 3HIEFTTERFLE (p<005) A7 P2 L4 po b
3 T 33 ' F1F > Santiago e al. (2012) ¥w AR T . BT o 7 e 50
kgha'lyear! chP g ity A4 £ > a2 3 ¢ 2 PR ZgfEd A £ o4 (=
Lt AR RS RIA T I B AR S F PP % T i~ B d apatite-
P 4= NaOH-P %4 “. (Guoetal., 2000; Prietzel et al.,2013) » & & A& #H®FEF P - §
ARV FRAF o

Flh o4 o LB A IR TH L E A T RIS A 0 25 60kgha
'WWINE& NP Y v miisey A2 £ o2 2B6F X REMEME 7% % 60kgha

Lyr! NP> 64 B4R NP 55 £ 2% 60 kgha' yr' > 4 7 it B FHi 4o A 2

ek

E2
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6. %= Fr

FrlehFL R €k FHFR (2002) 1 - FRFRREEL A ¢ L2 FEA
Edp o LM

AP L F Gk (2008) B ARFR o IR L F Gk o Lo

AiEge (2004) 4 o LB R HAEHOHBIF{ATLAAL LB FL R

WA BFET TR L % o

T (2007) 4 G2 Lol M (SRS B R AR IR o L B
FREFTTHRLEmT o

R B BRI B A R F FE (2007) MR HA RREBE P T TR
SN o M L) o PE B 3:27-48 o

RS ERB I AFEEEAH (2009) #Bp AR THIBEPF2LAEFTY -
B ER 8:25-39 ¢

BAviL s HRER S X B~ 3 RIE (2000) 921 B B < BARRB el LT s Ho
B FHE X5 A 47 o B 1 Fojs 17-32 ¢

MPZ~8 &iF~ % P40 (2004) B* SR Rk 2304 b2 L% e » T REE
2R o P E4RE £ 7] 37:269-281 -

FREE R ~PFR SRR 2T ~F PR (2009) 345 & & 3 T REARIE 3 o
PoEk 3 iR4FF 4R 40: 329-337 o
Z (2000) BB BFF2 L H o WY A X FRRFREAT LG o

WL pfrE e (2004) S#F & ks g o FEFE 373:68-75 ¢
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