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Relationships between soil properties and environmental factors along
elevational gradients
in the University of Tokyo Chichibu Forest
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Abstract

It is important to understand the relationship between environmental factors and soil properties in

managing the ecosystem functions of forest soils. In the University of Tokyo Chichibu Forest
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(UTCF), located in a steep mountainous region, soil properties are prescribed by topographic
factors such as elevation, slope, and curvature as well as vegetation. In this study, we
investigated soil properties (pH, total carbon contents, total nitrogen contents and CN ratio) for
each depth, and vegetation (tree diversity and the proportion of coniferous trees) and topography
(elevation, slope, aspect, curvature and flow accumulation) in UTCF, and examined the relative
importance of environmental factors to soil properties. Soil pH increased with depth and tree
diversity showed a significant negative correlation with elevation. In topsoil layers (0-5 cm and
5-10 cm), elevation was the most important variable in explaining soil pH, based on analyses of
linear mixed models. On the other hand, total nitrogen content in the 10-20 cm and 20-30 cm
depths increased toward sites with south facing slopes and low flow rate, where these topographic
variables have stronger influences than elevation and vegetation. These results suggested the
importance of local topographic factors and vegetation changes to soil properties along elevational

gradients.

Keywords: soil pH, total nitrogen contents, soil CN ratio, cool temperate forest, subalpine forest

1. FL®IC

BMTIBIRFOIEFERE LTRET TR, HEERB EORBEM O3, Wi 2sF W] 6e 2
FAEOWEER, KEORE, TEAYIINT 2 A 0504, BIETORE LY, SHkRE
EAEEE b o TVd, 2070, TIEERORE %8 U722 FRAERER OMER & I,
TR O L BREEROBBREHO 22T 508 2% 5 (Schoenholtz et al., 2000) . FEk
O TIEREE TS, A, W, M, BHICXoTEL EFE X 6N TEA (Jenny
1941), HAFESOHRMIIHIZN 2 REEICE AR, SHREMES 1 TE2HLTW5S L) Fg)s
» 1) (Qian and Ricklefs, 2000), Z o TR ILIFICHAE L I OZALH B IRV A 521 ) T
WhHEEROND,

FFORFER e A o B AR S8R M B MR SR (LU, BOQEE M) DA X T
X, BEOHERTEIRE S 50528, 5 1,700 m DL ETIEEBRKESRO 515 R vk
TS BT S (P, 1987). £ L C, IO Xy IktEad, 1o 7+ RO 2
THMHEEIIHART, EREFBEIBOTRKEVIEPHLNERoTEY CEAR - hE,
1951), fE@mL &1L T A TIEREAZBE L TV b EE 2 5Nb, T0—F, MME
% EQRFTH R FHIE 0L, BET 2 ARYERLMEOZ LTI SR L, TR
BeRZyepmonTns (GiH, 1989), Lo L, TERMEOE A3 204 &
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Fig. 1. Location of study plots.
TEOMIWEZEEIZOWTIE, FAICHLNIS N TRV, 22T, KWFZETIE, BOGEE M
DRIMIZB T, RERN OB (pH, &xkFERE, £%HEE, CNI) &, fiE (A
HERRME, $HIEMIER) B IO (s, RS L ORhm AL, e, R 0%t
WL, BRI 2 BB R O M EEE & <72,

2. A&

AR, BRACHE M AR B 2 O DI TIT o 720 2013 4E 10~11 A2, AJIiH
DFEE 1,320m 25 1,743m, )15 O 828m 45 1,839m (25T, Sk iRk
NEINLIHIICEEL T3 Ho#E Ty b 30m x 30m) #kELAE (K-1), &7
Oy ra—B10m D9 o077y MG, 09 b7y PR THERICMVET S S
DO 770y b THEREE 0-5, 5-10, 10-20, 20-30cm O FSEEF R 720 K LIEED S 7
WL 72825 w T, pHH,0) % 477 ABMRY: i 38EN pH 2 — % —D-51) TilllEL, &
RFERE C(%), &EFEEEN%), CNIZE CN a— 45— (WMAEEH CN 2 — 4% — MT-
700) THH L7208, pHH,0) DMFEIZIEE T 10g 12 25ml DA% INZ THE L, 304
BICE L7z Bt e v /e (3 lE i Z S, 2002), 72, &7 0y POk T
B2 &2 400cm’ OFR I & I CHEEZ SR, 80C T 72 BRI DL Lo iRaz % & v Cal
VLR 24T o 720 AR, BERREZRRWC, FLERTHER Z M L, 2mm 0.5 2%\ 2l &£ C
MR ROz, SRFRE, SERRELMEED S 25%ERE C(Mgha), £%%HE NMg/

ha) %Ekbf:o

B

HEM (HK), 59,223-233 (2017)



226 PATEE S

AR DWW T, 20124E 10 H & 201345 HIZ, &7 0y MIHIET & EBEE 10cm B
FoBARE WSS E L CTHBARELRITo 7. % LT, MLY% Shannon-Wiener @2 #3554 (H)

W& e L7z,
H' = _Zpi Inp;
7

22T, p $iFHOMOMM ISR EE TH b T2, 70y b TEIHEB O N
AR (m*ha) OFEE (BHEEME) 2Rz, A TE ST 2838, HAYVBEOGIR
L HEEILT L ASNE Y H (Tuga sieboldii), 3 A7 7 (Tsuga diversifolia), & I (Abies
firma). 5 UUES (Abies homolepis) T 720

T2, WRIZOoWwTiE, EEmXEREERESE 7V (DEM) 10m A v ¥ 2 (E - #PEE)
A5, Quantum GIS 1.8 # FIW"C, £ 71 v b e, e, FHErhn, Wrmih=g, s,
PREMEAFIE L7z, 2B, Wi ERm I LT, SRt e mkIicT 2 HmERL,
I D D, EOMEE L DA IHMEE DS ZORLTIIRIZZ Y, Bz & 2813k
% %o PSR 2 RIS 271 E TEEIZ % 5 5278 L, it O & FEHUZBED %,
CNIRIEDfEZ & 23813, HEREAESHAINNRICZ Y, Aoz L 2583 MIRICR 5
(Mitasova and Hofierka, 1993) ., 7-, B&ifi =% Mass-Flux {EI2 X o TEHE L7z T Dk,
12DE7 V% 42120 E L DEM D2 fEORITCEHT A7) v FEMHT 52 & T, wdifih)
HHAKO TN HE L RO DL LD TH D (Gruber and Peckham, 2009) . EEE & £l 57122
WL, RO KD %2 OOEMEH % KD7- (Stage, 1976)

aspl =tanf cos a
asp2 =tanfsina

22T, OERE, o 32 SREEIRY ORI AL TH S aspl & asp2 I ZIEEDfEEZ LD,
ZOHMFHEATK &V EEFEDSE V. F72, aspl KIEOHAZIM G E, AOEE LM
MERL, asp2 IEOBEIIRMITHZ, BOBEIZEHTIIZ R,

L IR O A & DZALE ST 5720, EE L aspl, asp2, Wi, FHilh=E,
PR E, SRERY, $EERROYT Yy OBMEMBMRE R L7z, F72, REER (B,
fAE, HIE) A TEFEICRIZTREYHS 2T 50, EEH (0-5em, 5-10cm, 10-
20cm, 20-30cm) 12, WHIRETET NV E AW %247 - 72 (Zuur et al., 2009), IGEZEI
T3ERE (pH(H,0), C (Mg/ha), N (Mg/ha), CN 1) & L, SiHZH % 8 DDA (B,
aspl, asp2, WM, “FHIME, SEE, ZHREER SHEEER) L L7z, Tho 0Bk
BABENR, £70y MCEENLS5O0HTT0y M ATV ARRELT, IBEEHD
MR AR T IERL A L D) EAROE L7ze 2B, BREAKIZOW I I THENETTo72, Ih
LYIRTCOFMAEREMARALET NV E T =7 I2H TR, WEERERD X {HPT S
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TR #IRT 572012, AIC x HW2ETVEIRE T 720 SIS O ISREH#TY 7 b R
2.15.2 (R Development Core Team, 2013) % H\»TH1- 72,

3. BREBR

%A H O pH(H,0), C (%), C (Mg/ha), N (%), N (Mg/ha), CN ko7 — % ik - 1
12, MFBEOF—FIIWE- 212, BEERNOT— 7 IEHE - 3 1R L7,

3. 1. #Ao 13ERE

HARGE O — i) 7 AT II pH 6.0 Hi 22 EIRTpH 40/ A2 FRTH Y (GTH,
1989), pH 5.60 ~3.89 % /R L 72 ARFRA IO IR CTH -7 (M- 2), 72, LT
v MZBWTY, B RBI220 T pHIZ EAT 2RO 657z (M- 2), C(Mg/ha) 5 &
O"N(Mg/ha) 122 Cid, #EE 0-10cm (0-5cm + 5-10cm) & MR % ik L7286, %5
WZONTEADT AEADBOLNT (K-2), T2, ARDVA BBV, BEtiwvorn
Y — OGRS TEIF 7% 13O CN L, 12~13 AV FRT, #4885 Cld 40~50 A5 BB
Toh GTH, 1989), AWFFEOFERS TOHPATH 72 (M- 2),

3. 2. BER &P K O & o BItR

TEEEOMBPER L D EBLMMEERS L o/zns (K- 3), &L asp2 1355 E OB
ZRL Tz (M-3:r=-0.50,p=0.08), Ha&EESHERRIIAEZAEOMEZRL (X
- 3;r=—-0.61,p=003), EEEHEBHFRIIF[NEOMHBEERL T (K-3;7r=048,p
=0.10),

3. 3. BSEERA TR RITTR

RFE 0-5em C, pH(H,0) IZHE T 2 BEEEK L L TARR M ETF VGRS N0, EE5,
SAREEAREL, SHEEME, pH(H,0) TH ), ZNENHOBEIROLN: (F- 1. V¥ —D
SRR ER DI ) AEEES L ) B, SHEERAR IR R L ) TSR ) T L
PHSNTEY (Finzietal., 1999), AKWIZE T RIEEOZEIIRIE SNz T _XTOREEIZB W
T, EEHANA PETF VI E LGEREN, pHH,0) LHWEOBESH > 72 (- 1~F-4),
F72, 0-5cm & 5-10 cm Tl, BAROHELEEME D pH(H,0) & sWEOMRE R LA (F- 1,
F-2o TOZEhs, FEEEO pHH,0) X LT, EEo I ES 5 ER A O
ZALDFED, ERER EOMPEB LY, MOEEEZ RIZLTVL Z ARSI,
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F— 1 THERO0-5 em O HIEREICH T 5HIEREET IV (RAMETIN) ORTA=F =T
W* AIC

Table 1. Estimated parameters and AICs of the linear mixed model (best model) for soil properties at
0-5 cm in depth.

YA K aspl asp2 Wi iR SF bR BRI B XAk IR B BF 2E B R AIC

pH(H,0) 4.45 —0.48 ~0.39 ~0.28  44.28
C (Mg/ha) 26.44 -2.08 3.18 0.72 0.89 2.64 11.45 1.42 7.86 471.17
N (Mg/ha)  1.69 0.32 129.54
CN Ik 1571 1.09 209.18

F— 2. FIEER 5-10 cm O FIEFFEISS T AMIBREGETIV (RAMETN) ONRXFTX—=F =]
WF AIC

Table 2. Estimated parameters and AICs of the linear mixed model (best model) for soil properties at
5-10 cm in depth.

G B aspl asp2 Wi iR SF i b R B ORE R B X AR IR B BF 2E B R AIC

pH(H,0) 4.55 —0.50 ~0.23 48.45
C (Mg/ha) 26.99 2.63 —0.38 -2.43 1.37 1.46 ~0.54 3.52 1.32 426.97
N (Mg/ha)  1.75 0.14 88.13
CN 15.46  0.86 ~0.62 203.05

F— 3. TUEPR 10-20 cm O HIBEFFEICH T MR EET IV (RAMETN) ORTA—F —
e UY AIC

Table 3. Estimated parameters and AICs of the linear mixed model (best model) for soil properties at
10-20 cm in depth.

Gy B aspl asp2 Wi iR SF i bR B ORE R B X AR IR & BF ZE B R AlIC

pH(H,0) 4.64 —0.38 31.41
C (Mg/ha) 43.61 0.77 -5.26 -8.31 3.02 -2.05 ~6.39 2.34 ~3.75 486.46
N (Mg/ha)  2.77 ~0.29 163.79

CN Lt 16.02 0.91 -1.01 -0.76 223.95
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F— 4. THEP 20-30 cm O HIERHEICH T HMIBREET IV (XA METN) ORTA—F —
KO AIC

Table 4. Estimated parameters and AICs of the linear mixed model (best model) for soil properties at
20-30 ¢cm in depth.

YA K aspl asp2 Wi iR SF bR BRI B XAk IR B BF 2E B R AlC

pH(H,0) 4.81 —0.40 ~0.15  —1.40
C (Mg/ha) 36.16 —1.81 —6.70 —1.72 7.93 1.21 -3.31 ~3.90 ~4.94 441.98
N (Mg/ha) 2.25 —0.25 —0.37 0.50 115.07
CN it 16.55 1.07 -0.34 —1.12 ~1.47 ~0.84 ~0.44 239.24

F72, C(Mg/ha) lZoWTid, §RTOERERDFPILE L LTRA P ETFTVISERS L

(F-1~%£-4), —F, HTEEO-Scm T, N Mgha) lZEETLBEETERNE LTNANET
VMISERENZ01E, RREBEOATHY, EOMFRERLE (F- 1), 1HEES5-10cm LT
20-30cm Ti&, WrHHIERS <A M ETFVOBFILEHE L GEIZN, N(Mgha) & EOBBRERL
72 (-2, F—-4), 1HEFE10-20cm 0¥ 20-30cm T, aspl DHAHNA b EFILOFHIZE
e LC#EIEN, N(Mg/ha) & aspl IZEORREZRL TV (-3, £-4), 7o, TR
20-30cm TiX, aspl EWITHERICMZ RS S XA METIVOFHLKE L GEIRS L, N(Mg/
ha) LEOBBRERL: (F-4). INHOFRIE, Bll220HED /NS WIGHTC N(Mg/ha) 45
S R AEANIH D L) T LERL TS, EREHH T, WESZIF 2 HEENS 20,
KOBEREAHNNS 5720 (Stage, 1976), ZHUIPED U & — 7 + — VEOBNZ A3 HIEH
EYOWEE 2 EEL S, EReTHREL L Twa EEx 615 (TH, 1989).

FTRTOTERICBWT, CNIRISHET AERBEER & L TEESERS N, winbEniE
OBFREERL TV (F-1~F-4), LHIES-10cm, 10-20cm, 20-30cm Tl, asp2 H3X
A MNETIVOFAEHE L TERSN, CNILE asp2 DEOHBRER L (F-2~3%-4),
F 72, 10-20cm, 20-30cm Tl, RFEME DL NA METNVOSFPAZEHE LTRSS, BOH
aR L7z (-3, £-4), 20-30cm Tid, 5, asp2, BRE=IIMNZ, aspl, SRR
ST REL RA N ETVORPLEHE LCGEIRSN, WINbAOBBRERLE (F-4), &
NETOWZESS, CN LAY AR5 FHE, AR EETEOmBLEE & HH%ICH
RLTWAZEPMLNTEY) (RH, 1994), pH(H,0) L FfkIZ, 9 L7z T ERERELE
LEEOLFHIE ) BELREBEORE LTI TS EEZLND,

4. £&ED
BRACTEE MR O il I SRR 7 & i I SRS D72 - T, IR L BREE N OB R %
ML 7o B3 pH L, EFVE, R, HER REMEL D O, BRI AR
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B LEWERE o Tz, 72, @RF=ETIEHARLZEAREIRO LN o7b 0D, 4
EFmE, B, BOROZRRME, SHEEBER L ) QERE, SEAAL, fEEEVBRE b o T
720 CN HIIHEA L) b HIRER & OBMRMEDSEN o720 TN DRRN L, HIEFEIC L 5T
BRO S 2RSSR L 2 LR, BTN IEZELRB RO L M OB S LRk o 11
IR T A EELERNTH 5 2 LAVRE SN,

HEE
KT AT ) H 720, BOGHEE R OFM I E O T A NI EHERIAN T Wiz 72wz, 4B,
ARWFGEILH > M) = RIRKOFF B RENIGHEER T 0 2 = 7 MR & O B % 51 Tf7
btz

5| SR
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