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§ THHIZRFE (mean prediction error, MPE) 5235 /i #3572 (root mean square prediction error, §
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§ §
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ABSTRACT

Bulk density (Bd) is an important soil property to be considered to directly affect
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soil porosity, available water content and water conductivity in determining crop
productivity. Due to time-consuming sampling procedure in-situ, Bd is usually absence
in soil database. This study aims to establish a pedotransfer function (PTF) to predict
One hundred and
sixty five surface soils (0-20 cm) were collected at the terrace, and then were separated
Data set 1 (n=106) was used for PTF establishment, and the data set 2

(n=59) was used for validation.

Bd for highly weathered rural soils at Laopi terrace, southern Taiwan.

into 2 data sets.
Soil properties easily obtained in-situ or from indoor
analysis, such as land uses, pH, soil organic matter (SOM), texture, base contents, and
free Fe contents etc. were used to establish the PTF in this study. The stepwise
regression was selected in this study to establish the PTF. The results indicated that pH,
clay fraction and SOM are major factors to influence Bd at the terrace, and they compose
a PTF to well predict Bd as follows: Bd = 0.875 + 0.073pH + 0.002Clay - 0.065In(SOM).
This PTF’s R? is 0.30. Regarding validation of this PTF, the data set 2 was used to fit
the PTF to validate the predictive quality. Mean prediction error (MPE) and root mean
square prediction error (RMSPE) are -0.02 and 0.13, respectively, implicating this PTF

could well predict Bd at this terrace.

Keywords: Bulk density, Pedotransfer function, Land uses.
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HEBBZZE (bulk density, Bd)E Rk B #
A EALRE KA RO B K
(Dam et al. 2005) » AifE R BV R A R 2 E
SHYEINEE A - RN E HOE R K
(G R R 5= i e W 471 k= T\ )
Tt e B v AR (A5 0 2012 5 Jien and
Wang, 2013; Hseu ef al., 2014) - FkHHZR(201 1)F2H
Bd A[{E Ryt (pedotransfer function,
PTR)REZE2HZ — » AIAH] Bd ~ A K E
GEE ~ WRAIRRE . —THHE SR 2 &1
IR

HITE T HERERS R R R - ARPSMRER T BE
F B3 (s0il core method)EREE +4F: » Wi R E i
FEWEREREE - BUMA] R E RS TSR TR
TAERF - S E R AR T 2 A R
72 (Huntington et al. 1989; Rawls 1983) o [JAMAHIEL
st 3 R ELRIR S 8 % - #OHIEZ Bd
HE S - KR EEBEE DS 5 HEEL

:(De Vos et al. 2005; Prévost 2004; Terry et al.
1981) » 5L Bd HY=HIE H HHE B AR
2% (Benites et al. 2007; Heuscher et al. 2005)
T 43 S TS B 2 B -
AHER Fall 2 JE Bd RYREEEFRE] - ik
Z2 I EE I AR - Fr 2 RHBIGEN PTF
DIHERS Bd {E 05 - SEHEMGEZ BTV By 2 fe
ISR A A - R - R
& FEEREM S KE(Adams 1973; Rawls
1983) ° B bt 3t RSB - EEEER
DRI e s LB B Ry 2 80T Bd &
A K > Bernoux et al. (1998)ERAZICE
[l (Stepwise regression)RFEFRAE - Rk &
& ERERRHT pH Re b F el sy i & @ THH]
Bd Z 328 - Jalabert et al. (2010)FIFH =R
1,279 I8 £ 3 AR &+ Sl DL — fi% 584 5 [ B A =
(Generalized Boosted Regression Modelling, GBM)
FY733: - BELL 3 MEFD 10 M8 3By PTF
HIZ2BORET AL A R B ORI ERE RS - S SRR
2N PTF BEREZ RPER” = 0.86)
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HFHEEE Bd WHEBHE B ERIKEE
(SOC) ~ i fd ~ MM & & ~ REAM L EEEE -
Brahim et al. (2012)FH SOC ~ #PK; ~ BRIF1 pH
T $ 1 (<40 cm):Z PTF 155 5 FIIFH SOC ~ &k
11 BRI FE $5(CaCOs) & BT K +(>40 cm)Z
PTF f&AY -

Y7 PTF FiTRE o 132 BRI 2 S 42 ~ BT
el ~ R R R XA T - e
JEH B —E 2 PTF (Martin et al. 2009)
Ghehi ez al. (2012)f5H} - EisClE@REAITEHE L -
HEAL ~ YR ROt ML - B E # S
BT PTF W& 5 MA@ E /&
Ghehi ez al. (2012)RJFH » AR GER I E9
Bt B Rt R R E AT - HuBMEAD - T
TEK 300 236 » KIEERT/E Ry M E S EET PTF 2
WFFelEs - &7 EAmk - N -5 RS LR
[ Bd {HRIERMERARERE H 252 RS - piHE
BB BRI T2 BN - KELAR e HigE
M H SRR i b BT — AL
HEY R N ] FEEI Bd &2 PTF » RS TRt
HEHRIg 2% -

= IRMEESE

2.1 HFEHEHRT
AWFFEE LA G EE G BTG - R
1160 LH » YRR 50 m-160 m » i HhEAH
IAPEIREE o Bl b bR R F DR ZEH
Ml KR - HRRMSERIH - ZEEHBIREA
MR EJT PR T LR S R - &
WEAECE f - H g TibE ~ i EEE K
DB E B A (PREAEE > 1963) - BL LIS
& e R R RN ZERERE -
(Typic Paleudults) (Soil Survey Staff, 2014) » #%%H
AU 3L 53 80% LA HIFIE - - 3EIHE LR
B R R HEERO S ERAELL
Rt TR E K% 2R FE(pH <
4.4) - REHABEEBRIE 2%-3%/E45CEEBIH
% 2009)  MKIEH RS R RS ER(2001
2 2011 )BT HEREHCR BB R GE R &
BUE R SETHILGE IR E R 2,900 mm

16585 4%

[ Js#zEx

1,660
Meters

1 AREIRERRERIE

A~ FEEIRIRAY 24°CAita » A TEERE Ry
79% > HZEEWIER - RIS ESR -

22 ARAEE
221 IR R EEELHIE
ARWFFER eI DR 720 S 250 m
PREL—2R1(0-20 cm) H3EERSL(E 1) @ M [FIRE
B TR T - REEHERAN 165 {18 148k
i SRR IR S PR R AL R P SER Y - R
HVER A3 DAPY S PR R R S AR R ~
W RGBT (< 2 mm)ig - HAEEOREE T 5
AN ARSI E A £ BRiE(Blake and Bauder,
1986) » HU—[&]E fafe & BB IR AR » KFEHE
HZFPEE RIS AERE A o T3 B st T DA B
(Gee and Bauder, 1986)HIEHtbkr « Bk BELRERL
& - DL Walkley-Black =%tk (Nelson and
Sommers, 1982)I°E T HEHEBEIK(SOM) - BiIEE
M7 (McLean, 1982) (t/kbb=1 : 2)fHlE -1
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x1

MAREETIREE MRS (n = 106)

Items Bd | Sand | silt [ Clay | pH | soM [ ca | Mg | CEC [ BSP | Fe
Mg/m® | - D S— % cmol(+)/kg % g/kg
T3 1.24 22.2 26.2 51.5 4.66 231 1.45 0.11 12.4 32.9 229
RS 3 1.23 22.0 26.0 54.0 4.40 2.17 0.79 0.06 10.6 25.9 234
TR £ 0.13 14.1 8.92 16.4 0.88 1.13 1.59 0.14 5.80 21.7 7.73
xME 0.97 1.00 1.00 14.0 3.30 0.01 0.04 0.01 0.01 7.87 0.01
AL 1.57 53.0 67.0 84.0 7.70 7.04 7.76 0.61 332 98.6 37.4
$RMAR 10.0 64.0 34.0 32.0 19.0 49.0 110 127 47.0 66.0 34.0
Bd: bulk density; SOM: soil organic matter; CEC: cation exchange capacity; BSP: base saturation percentage;
Feg: free iron contents.
I > 52 P 5 T P S 1
(pH = 7) (Rhoades, 1982) = X Dithionite—Citrate— RMSPE = \/ ;Z; e @

Bicarbonate # & 1ARZEELE(Mehra and Jackson,
1960)HIE FRtREsE & & -
2.2.2 SR A O B

G DL 25 B AR S B (multiple linear re-
gression, MLR)HZ F A [F i (stepwise regression)
YERs PTF B2 J71 103 DI s g » 25—
PR A IRV RO AR - WEHERRA
B - ARPIEER . TR pH ~ 1
BRI~ BRI~ ZERL ~ SOM ~ §5 S8R+ ~ G5
%5 5 (cation exchange capacity, CEC) ~ BERLAA
¥ (base saturation percentage, BSP)Jifi7iff#(free
iron, Feg)) & EHF L AME » WHHH SPSS
(SPSS 21th version, IBM, USA)RBEHETTEEE 5>
B B A8 B i 4 o pL AN o el SR % EE R AR R
(Multicollinearity) 8 » AHFFEH] FZE A BG4
AT R » BRI (R
TN PTF -
2.2.3 A R

AW FEIRAEERA 165 E A0z 106 -+
BERME R PTF &R - FIERIY 59 &Lk
ERHIFREEERTEL . PTF o [olE sl A
EFRBI(R?) » SPHITHHIER 2 (mean prediction error ,
MPE) #0355 #R TH il 32 72 (root mean squared
prediction error, RMSPE)%5 /7 2/ o BRaa FIREAL
PTF #ERERT » FHAZANT ¢

Hr g fly 43912 BD UTEREANERIERME @ n 2
BRI - R EZRERIEFITERNE S 1
HIFHEAME - — & TER G20 - Hf MPE
JESEHBITH 0 » 1 RMSPE {HAR 10-20%:2 [
JE@ R ] 2 Z AR HE 0 10% L N IR R
T HERETEE s -

=\ RREEH

3.1 AREGTIEEE

e SRR REAHEE - $ Rt R
BRI - B © R 5-10% » K+
HME B [EE M (homogeneity) * Ghehi et al.
(2012)F5H - EWtreEs BT A - 1
B2 YIS BARRIR S bR - IR &
BATE G A PTF (20T - RIEARIF S R E
it FOHRA 5 S 2 R EE R L
— I B OUHER, Bd o RS EIE AT
Y 106 fEZR - MEEANER | s - B R
HEAEEF LM FENERT MR
T 5 SOM ErEEER 2.5%  BIKEHRESE
CEC £ BSP K35 B a2l - BRI -
T IFERE s 2 B AR DAY - & B AR
i o AN 0 REIRARE - MEGH EHIRMEE A
B BB EAERER L - 401 - Bd ~ Bl ~ pH K Fey
KRR - SOM & & ~ CEC K BSP & &
50 1] Ca Je Mg 2RISR « F5ETR

—14—



x2 ARALMAMBRZLREMEE

Landuses Bd Sand Silt Clay SOM Ca Mg CEC BSP Feq
Bamboo 1.16b 17.2a 33.2a 49.6a | 4.88ab | 3.49a | 1.72a 0.23a 10.1a | 37.7a | 15.9a
(n=15) (0.11)* | (10.8) (8.58) (12.1) | (0.78) | (2.06) | (2.08) | (0.28) | (1.68) | (32.2) | (9.73)
Banana 1.22ab | 26.6a 27.6ab 45.8a | 4.38bc | 2.37b | 1.72a | 0.14ab | 10.4a | 33.9a | 24.2b
(n=11) (0.12) (13.9) (6.99) (17.4) | (0.31) | (1.18) | (1.43) | (0.17) | (1.66) | (16.5) | (6.95)
Grass 1.28a 23.0a 28.0ab 49.0a | 4.87ab | 2.07b | 1.62a 0.21a 12.3a | 34.6a | 23.0b
(n=06) (0.07) (11.1) (8.12) (12.3) | (0.83) | (0.32) | (1.37) | (0.21) | (4.42) | (19.3) | (9.83)
Pineapple 1.18ab | 22.2a 25.8ab 52.0a 4.05¢ 2.26b | 0.75a | 0.05b 10.8a | 24.0a | 24.7b
(n=54) (0.11) (14.1) (7.61) (16.9) | (0.40) | (0.70) | (1.08) | (0.08) | (3.66) | (14.7) | (6.12)
Forest 1.25ab | 25.8a 25.1ab 49.1a 496a | 2.33b | 1.38a 0.19a 12.7a | 35.6a | 22.5b
(n=30) (0.11) (12.5) (6.93) (15.7) | (0.82) | (0.94) | (1.4) 0.1) 6.07) | (22.4) | (5.52)

Bd: bulk density; SOM: soil organic matter; CEC: cation exchange capacity; BSP: base saturation percentage;

Feq: free iron contents.

*: Standard deviation.

[ s 4 su(a%)
A (3%)
& #.(6%)
FESE IR (14%)
B 2 (28%)
[ A 28%)

PRSI SN

[ Jwrex

0 480 960

1,920
Meters

B2 WREBSMAZANEIMABHELNRERGEN
")

T i1 b A [E] - R Y R R S Ll - R A A
S T R I S I (heterogeneity) (BRSO
% 2007) » XEAEME AIHGET - RERIY

R T FEE T T L (0 e S A L
FIER) - Mdplak £ S AL N - 5
AN ANl i 221N 4 o VD = R (O
FofdN7 Bd FHH PTF HY3E 2 — A G H Bl PTF

L BT -
LIRS » B 2 SR B R SEAA

et gelE sk 3 22 L MR R RERE - o3RI E
BRI 28% 5 22% » T 7y Fe FH R R Fe e
%7 6% » AN 4 0 PIRIEI 4% - & 3 8
VARG = wb: LG I AR E= Vil N = A Y= Pt R U S o1
JBALH . Bd #EEHAM LA HERNRE <
0.05) » BLIE R VT kst s A 15 3t B B P s 2 A
B o TR R R T S i R (R
Bd {H » PEIR SR ] R e 65 2 = (Fe ) FA VT AR ML
BB (p < 0.05)Z )RR » FE R HE{LER
J&5 BRI 3% R B8 v 3 7% B 552 1T R S i L A e b o2
RIS - HER RS - 41 pH B BSP &4 » HI
DIFHE S SR B S K. S - R e
(B pH) BRI EL (R TR TS - B E S =S
il - BRI B R AR IR R (p < 0.05).2
A6 Hgk L HF RSB Y SOM & B Z S »
[ B B A R SR A S R L B e

PEAh > EHIE 3 R3R 2 AIfEAI - KA
SRS M bz T EH Bd ~ pH » SOM
&~ Ca k Mg & iHL Fe, & i 5 RN ILLE
T ER M T RERTEREEL Bd do# - [RIFEAR
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K3 BIIRMEZ Pearson 1BEIRE(n= 106)

Bd Sand Silt Clay pH SOM Ca Mg CEC | BSP Clt Feq
Bd 1.00
Sand | -0.20" | 1.00
Silt | -0.21" | 0.12 1.00
Clay | 0.26" | -0.89™ | -0.57" | 1.00
pH 037" | 0.07 0.03 | -0.07 1.00
SOM | -0.25" | -0.10 0.04 0.06 | -0.05 1.00
Ca 027" | 0.04 | -0.02 | -0.02 0.56" | -0.09 1.00
Mg 0.26" | 0.05 0.04 | -0.06 0.46" | -0.06 0.71" | 1.00
CEC | 0.12 | -0.02 | -0.01 0.02 0.24" | -0.02 024" | 024" | 1.00
BSP | 0.24" | 0.01 0.03 | -0.02 0.44" | -0.07 0.70" | 0.49™ | -0.06 1.00
Clt | -0.26" | 0.07 0.04 | -0.08 0.58" | 0.08 026" | 029" | 0.15 0.29" | 1.00
Feq 0.10 | -0.32" | -0.23" | 037" | -0.32" | 0.19" | -0.27" | -0.30" | -0.06 | -0.16 | -0.21" | 1.00

Bd: bulk density; SOM: soil organic matter; CEC: cation exchange capacities; BSP: base saturation percentage;

Clt: cultivation.
*:p <0.05; **: p<0.01

I seaaR At - 3 MBS v AE R THI Bd &2
PTF #% - Jalabert et al. (2010)/FF " +-#UFF It
—IEE LB (nominal descriptors){Fy##E37 PTF
A — » [RIREIARE SRR S RE S RS —
FE AL - SR TR R T B X 2
& » R*EH 0.45 BEHNZE 0.67 °

B - s SRS 2 I - AR
SR IR E N EREA R » kL B
KI ~ CEC J& BSP E+HMEE o SRR Lebag s
18 7523 5l AWTSE 5 $140 : Bernoux et al.
(2002) By 8 13RI - 1B AR L TE
Bd Z PTF - i H pH » fhki & B SOC &8k
PTF i b8 B2 3848 - Benites et al. (2007)7AE
VAL - R 1500 8 -3EEEN, - Eata
TLTEEI Bd & PTF » #55REEHILL SOC ~ FHL S
B wt Ry PTF WU EE 2K+ ATRERE 60%LL
Z Bd FEEIEE o [L4] - Benites et al. (2007)7R4E
e SR -3 40 PTF HaTin A AL
GRFREE— e EIEZ R HE -
Sequeira et al. (2014) DLSEBEERIIT 20,000 £
Kb BT 1% Bd 1H - AR 1M
IREIRORL ~ PR Rk & & - FERZAE R THIHI Bd
i BB RIR RS ORy 1 I R R P iR

RHAG TS 1SR - R Rz
YR DA » — SR B B A
PTF RS - 40 « REATERE  TJgERE ~ 14
FIFH B AT 78 25 578 (M artin ef al., 2009; Jalabert
et al., 2010) + {(HEEMFRERY B ELEREHY 10% -

3.2 AR EFTFER Bd Z PTF B3z

RN 15 18 i S v R L g B ot - S R R
B A KE(PTF) » I 5E - ZE DB Rl Ry
B EEREo AT » B B (TR ) R =
Bl Bd HAAME RN - & 382 AHR
{%8f((Pearson’s coefficient, p < 0.05)F RT3 »
Ferpda AT RO RO RT ~ I RT - BARL
pH~ HEEREEE - PIKEES R - BRI
e L3R XS L R R B &AL
UEAEE) - HrhDl pH B Bd FHRRBURS @ 3#
0.37 (p<0.01) » HI R ~ §% ~ Tk & 2 A
R (FHFH) (0.25-0.27, p < 0.01) » BT
HEHE A E(-0.25, p < 0.01) BEIEEELETRIE (0.24,
p < 0.05) e Hrf» §5 ~ §% ~ ZER B HEE R
& R R EEER YA - MR
B A RECE 2 B2 1% Bd - #HE
HESEES > Bd UK -
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K4 AMRRZLOE NEIZEN

Model PTF Adjusted R* ¥ Beta (B) |M#E% %% VIF VESGREE ;3
ml |Bd=0.941+0.06 pH 0.13 pH 0.37 0.14 1.000 12.6
Bd = 0.875 + 0.064 pH pH 0.40 0.14 1.005 6.45
m2 0.21
+0.002 Clay Clay 0.29 0.09 1.005 16.2
pH 0.40 0.14 1.005 3.95
Bd=0. 875+ 0.073 pH
m3 0.30 Clay 0.28 0.09 1.008 7.39
+0.001 Clay — 0.065 In (SOM)
In (SOM) -0.27 0.07 1.003 18.4

x5 B[LIRBRIUBCEEER

Model PTF n MPE | RMSPE
A | Bd=1.524 - 0.0046(Clay%) — 0.051 (OC%) — 0.0045 (pH yuer) + 0.001 (Sand%) | 165 -0.15 1.97
B | Bd=1.578 - 0.054(0C%) — 0.006 (Silt%) — 0.004 (Clay%) 165 -0.24 3.08
C | Bd=1.5597 - 0.0004 Clay — 0.0077 OC — 0.0004 Fe,05 165 -0.02 0.20

59 -0.02 0.13
m3 | Bd = 0.875 + 0.064 pH + 0.002 Clay — 0.065 In (SOM%)
165 0.00 0.06

Model A was established by Bernoux et al. (1998); model B was established by Tomasella and Hodnett (1998); model C was
established by Benites ez al. (2007); model m3 was established in this study. MPE: mean prediction error; RMSPE: root mean

square prediction error.

MRIBEE 3 - KL Bd HEEtHRRE T e
BT - RN ATEERHERR 2.5 FEHER
7= BERFE (outliers) » HigE A8 8L it
(multicollinearity) » LAHERR = EEFH BRI o2 R 85f%
[FIRFEERE » SR EZET R B BB variance
inflation factor (VIF) > 10 S{&LFFEH>30 - HIlEZE
BRI HERR o BAP IR R 4 PR -
HARERCE CERRA#E G 2B [E - R
Yykr > $5 e R BEEREEAIEE - BR RSB
HESR & i WOR A [El s AR (R T = (8
(pH ~ clay Jz SOM) * [RIIRFKEZ LeAB R A8 — ()35
FAREE(FR 4) o Hirp o DB = {882 RO Refk
AL 0.30 » AT HERS 25 =B (m3) Ry AN 52
&3 I ETERI Bd & PTF > A0 FAR ¢

Bd=0.875+0.073xpH +0.001x Clay
—0.065 x In(SOM)

Horfr o 3% 4 BURUEDL pH {ERS8 - SEEAER
#HI Bd (m1 model) » pH {EREMERE Bd £ 14%I1
5L HESR pH BETEHIZ Bd B RAFAHE 1 (beta

\

oo
R

15 =0.37) o 120 m2 #ENAZRLZ B > SR
FEAESTEN B %% R2 6 0210 HpH
EARERI R EAEMRE Bd £ 21%M98 5 o fi50 m2
A Z SR % > 781 Bd BAA BIF 2 MR
(B1H = 0.29) « & 5 & m3 » fk pH BEdFHRI2
Gh o JRIIAT In (SOM)RYSEEY - HEL Bd /REAH
RIFZHEBEMG E = -0.27) 5 1 In (SOM)AIHN
A HEE T RMEZE 0.30 - LLHBTERZEEEN =
165)5%E » #&={ m3 CB A 34T Bd &2 PTF °
IS4 AT 2 PTF B Bernoux et al. (1998)%5 5 AH
Fréy » MM S r R stR s - I 323 (B0
Bk} o 7 —FEEIE H Bd &2 PTF » Hor |- igess
RN S E - HERIEE - pH KPR &
i R% 4 E BRI AT ERE Bd 49 56% L B2 -

3.3 AMEFRARIURE C ARG ERR Z L
R EEES
AWTFEE T HAZ it 52 Bd

FHHI PTF » DIAIHSE C LIEERARA S Mg

PTF 1 - AEFAEARECEANIE RS Bd FHHIZ HE
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HEFE o R Az HERE S T LS FE IR 2 (mean
prediction error, MPE) 5235 /7 #R 3R 7 (root mean
square prediction error, RMSPE)SRMEEAL  AffF5E
I A 5227 Bernoux et al. (1998) AL PEEEFE
W 323 {E - EMERAETER Bd &2
PTF » Hrhgh EiEE 70%0L Bz 1S b ik
% £ (Alfisols) ~ i B 1 (Ultisols) & E ALY -
(Oxisols) = THE L fyby ERE T B+ - i3
Mg BLARF S A Z s iR tE & TS
+ A H)MHERERL - AifF5E2E 2 B
By Tomasella and Hodnett (1998)fA e F& i g J&]
TEERAL 614 181388 RAF Ry VL THII Bd 2R
2 o Hrp Tomasella and Hodnett (1998)FT53 472
ik o A - H AR AN 614 1
J&g i 1 s R - B E R i R
+ o F 52 C R > By Benites e al. (2007)
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