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0~10. 10~20 1 20~40 cm 135 py, 275 2 bR BB AL S AR 2 BN FRHURAY | SR RO R RIBOIRIE RS, AR
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FEALYEE A, LR MK, T K E AR B R SR R A A,
A2 I B 5 SIEHL 0 - 598 7 B A 33 R BSORE AR SR TN - 498 75 B . Wang 25 0VR A% bR B0 RE X B -
AR OIRR EERZ A E TR, SRR, RTHRARRESE. AVREE. BEE T
97 AL R BTN B Y AT LR B A BRAOREFE o SR, ZF R R 4T T 0~25 om R)JZ HIERE, K
HAT LHEZRE 1oy R B, 1T A 38 oR A1) EE BN . — R TR A B AT T s e
AUVt o 6] 2 - SRR 1) R EEAL RO R B, T R RS B o LR T
7% F AL PR B RE e W SO B TOUONRE BB, R P 3 R A 3o o B R VR RO T X A& Y L

P CAE W, W E R X REAE )2 AR E R 77 20 1 a7 1 25 (A) A8 7 S
PRI 7> o ASHIF 9T 3R BLEE £+ [X 0~10. 10~20 A1 20~40 cm B HIERE, KHZ MG % 5%
T, PN L ZURE R A AR S, R T R HOE . R AR
FIF 22 J6i% 5 8] A 75 FE A% 34 oR 507 RERTAS [R] - J2 1 38 2 S AT AL T, DA A X K 4 %
TR IS B W BHIE AR S HOAKHE .

1R i

1.1 B 52 XS

A EAL TR E PG X (33°43'~41°16'N, 100°54'~114°33'E), &8 H A1l B2 1ILPLE,
KATIW LA, ZRUGLAE, B DA KX, TARZIRN 64 73 km?e % XS5 S 50 A 1 431
BRKE. PRISIR. TR AR AT Rl SERRKEN 150~800 mm, HAEHTE 6—9
A, GEFEREKER 55%~78%, ZF- T /KEN 466 mm, FFHSiEHN 3.6~143 C, FHEK
N 1400~2 000 mm. SR E XA R ET . B HL 7 B WFEE R Lo ffiEss, B
FEf R AR S R b B (B 1), AL 43 75 km?, ZIXIEIE. B2, O, VARG b
SR E LA, KRR T, R AT A A N A X

P13 D7 B BLRSCR A R A
Fig.1 Location of the loess area and distribution of the sampling sites

1.2 BIRRES T

2012 4F 5—8 /I, DLW ALSE = XEr A ROV IEL, SRAIEIEE L)) 40 kmx40 km F) R 2E 4T HL
B BARDy: EEFANREEZAT, MEH] GIS BUHAE S A B £ X A B B I I #—> 40 kmx40 km
I WA D 228 A 1 3 R I 2R G e A X SRR BR A, VA5 R R PR B 7 1) A
KA R ARG LN 40 kmo SERRRFERLRET, BACREE SR BEE R A BN LYE H AR MRS T
BN Z A R TR RS . [, 5 SR R AT IA PR A SE PR w] B . 2R
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FEA, FIHIRTIS 32 (0~104 10~20 AT 20~40 cm) KA FUIRAIIRS) L 30RE T o 45 JF0IR 3R a5
[EISRE0 s, SRHUHE T LA . Piah LIRS B SRR, AbENE 1 mm §iiAL, £ TAEEE S F)
FHOE L A 7 35U 2H il

MY R R IR RO AR AN PR P 3R SO ARER M, EURE I 3 6 A BB AR AR AZ A 3R A
FIRE i, B WS R SO S A2 278, 25 R T A3 AR SR A T bR 7 QIR . &40t
ARFRAET XAk 243 DMEES, Hodokds (R85 | FEAREDH) 46 4, i (HFEAT
FEHAN R AR 88 AN, Mkt CELFERIRAIN TIAMIEAMM) 109 A~ (B D,

FIF GPS 10 FREAKAE s I E 25 AR AR, 8 FH 2 3500 52 A AU AN 1, [RIBi5%
FRE R R 7 ORI R AT b, K R O S AT e e, =1,
=2, pHi=30"8, I LR 74 NS G0 1951—2012 4F 7 RS SE0E, G RKE. SR,
R, TERE (TRE=ZRE/MKE), HHRIESIMBUEEEG SR ERIGEE R L
BT SRBIE R HER A 100 mx100 m), ARG HREUCEE—FE S S R B G . BT I sEpR
AR B CLIRIG, Bk, ASOR] A G0 5 I bR — 7K T 75 % 5ok S AR st BT 7 1B [X 1) 28
R
1.3 &AGITZTETR SRR

R 2 AR SRR AR S R (CV) RoR:

CV=5%x100% (1)
K, SIEWRAERZE, XMCEPIIE. BB FEESH, CV<10%NTGE TN, 10%<CV<100%H
A e, CV=100%A5038 e,
1.4 8t 2= AT R o IR

MG TE 25 AT 25 () AR A SRR AE o BT A AR e 5 22 A AR AT I, 5 2 e B T B A 20
_F:

N(h)

N 1 2
v(h)mz [Z00)-Z0x-+h)] @

i, y(AFRFETT Z R, N AR B NI KL, ZOog) AR =x A AR ZI SEINE, Z(xg+h)fR
Tx=x+hib AL B ZR) S . LA e BEO A, 05 22 BB D Bl T DA )~ 07 22 1. AR5
ZE BT LMF BIRBAEC,, HE{HC+C, BFEA =N E IR » CoR R BENLHE 7 51 172 [A) 48 F
Co+tCERRA R M KA FIEE, AR AR &8 B R. lid A :(C/(C +C) it ] UG 3] —

AR % 1) A B AR 1 S LR AR B 4% [R) 55 LL, KR4 Cambardella FRI5 51D, Co/(C+C) <25%

I R SR A AR, 25%<Co/(C,+C) <T5%I o i &5 2 (A i, Co/(C,+C) =T75%I KR 55

23 T P 10200 352 T 22 R B B U A AR, R P e AR (AR AN R R E
fi 2 1) oA U0,
1.5 &SR35 FEFE IS R BUR BTN 845

KPR FHRE R (R, FHIEZE (AB). FHLXHRZE (MAE). ¥ %% (RMSE)
B RR RE (MEC) AASHCRVENIZ D (1] 5 77 FE A% 28 bR BB R AR 1 . b, o R3]
DA R 139 75 5 25 (A AR S iR i, SLAEDEROK,  URWRRRME FT RE MR AR Rk 2 . BEA AR
R BRI AR R TN R Y, FE R T 1 RIS . PR P4t
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BRBRANR 3 WA 2 5038 25 [0 VA 73 At LA S AN [R] 4 2 338 7 E A A% 32 bR B0 FE R R GS+9.0
AT P07 Z R BRI E, SRA ArcGIS10.2 HhGn v RSBtk 47 - 398 2% =8 (14 o FEL A 4 2 K% il &1

2 HiREVHE

2.1 TIEREMEKRGITIFIE

R 1 BRTAFELELIEFRENSIMFEE. 458K, 3 NTHERET 10~20 cm HIERET
AL Fl K. B HIX 0~101 10~20 F1 20~40 cm 3875 5 19-F S4B 2 5 9 1.25. 1.324 1.37 gem™,
X5 GNP I o 4w R AR 3 AN R R A P M IR 5, R X A R
T ZURBERIRE TG K, FE R v R R E RIEE R & RS, YR R R B ERE LI,
T IR R 47 Wang 25PN B B 25 AU 3R B 4 5 G LB ORI FLBR R B AU DE R R
Mg S RKRY, 3 AR RBRAERNE R RSN 10.0%. 11.4%F 10.4%, B 3 NREER L
BAEYETHEREELR, B mE. G EFEAR Kolmogorov-Smirnov (K-S) #6565k F1 K7
REHF LB EIESS M, 3 N TEHEFEREM K-S E757505 0.697. 0.130. 0.221, FAFE L
EREHFEIESDA, AT 5 M8 .

# 1 TELELERENER R ITHFIE

Tablel Descriptive statistics characteristics of soil py, relative to soil layer

+= TEE w/ME NAE EE  BRR i A i K-S AR
Soil layer Mean Minimum Maximum SD P Skewness Kurtosis Distribution
/em /(g~cm’3) /(g~cm’3) /(g~cm’3) /(g~cm’3) CV /% type
0~10 1.25 0.89 1.61 0.12 10.0 0.013 0.216 0.697
10~20 1.32 0.96 1.80 0.15 114 0.383 0.341 0.130
20~40 1.37 1.04 1.78 0.14 10.4 0.442 0.094 0.221

7E: N FIRIEZ 50 Note: N, normal distribution
22 BTGt N TIRBRET BT RIFH

FIF MG i J7 22 AR AN [R] 1 )2 - 39 2% 1 2 180 A8 S EAT 20 #7485 SR LR 2. 0~10 1 10~20
em IR E (R SRS TR RO, 20~40 cm HIEA ERAEI SR EROREERL,  H A
AR YeE KRB R, RV FTIEEY GRS R I Hh s AN F ) S (R AR SRR AE . 3 AR E IR
SAHZAIE RN 0.002~0.013, FIARAHLE 2 51 2 ) F 325 AR S R0/ o 25 18] 57 5 LG 43 R 13.3%.
50.0%%1 50.0%, FH 0~10 cm 35875 8 B A HRE1 125 MK, 10~20 F120~40 cm TIEA E AA
FH SR A A (AR X B PR TR B IR R TR S 2 R R R ) Rk, %
& E i BELE R SRR R R, 0~10 cm R EALFE A 22.3 km, 10~20 F1 20~40 cm 25 F245)
WA 283.4 km A1 781.5 km, FRHH 10~40 cm V4 FF 358 25 55 2% W) 4L 1 A0 R B Y L BE K. MR % Flatman
Y fantisP B, B SRRE I EE TR 1/4~1/2, T, 3 AL RIR 2 & e BRI 2R 4
5.6~11.2 km. 70.9~141.7 km 1 195.4~390.8 km. 0~10 cm 2 B ASFE K T BRG e i REIR) B, A Tk
B B A RIS H Y, 120 Z R BE 7R BN R AR (AL RE, S IIRAE s, T 10~40 cm £ )Z 0T 1Y
FORAFEIRIEE, 3& 4980 AR .

£2 TRTRHEAENETRRMEB R HENSH

Table 2 Semivariance model and structural parameters of soil py, relative to soil layer

T2 it Ybr  HEMHE FHRFL TR wE  BREVT
Soil layer Model & Still Nugget-still Range &R F1RSS

http://pedologica.issas.ac.cn



+ % R
Acta Pedologica Sinica

/cm Nugget Cy+C ratio /% /km R

Co
0~10 Fe BB Exponential model ~ 0.002  0.015 13.3 223 072 5.48x10°
10~20 FEHMAY Exponential model  0.013  0.026 50.0 2834 094  897x10°
20~40  ERIREER! Spherical model 0.012  0.024 50.0 781.5 099  1.74x10°

23 TRAENZTE I HIERE

N T B S B XA R R S i s (E] o AR AL, SO R B S, SR
S HAR IR EVENS 3 AR A AT A . A 2 WTRUE AR s s
PER o BMATIT S, 0~10 ecm )2 A ERIUY X ARIH IR BRo b S Am L v 354K, 20~40 cm
TR E RO E X B PU R AR TR A S B o X AT B DR D Bk 7Y e A MR R 1
A SRRy, AL E S R EAR RS RS, P HEAEERR. WRERE, MahX e
Bl HE A KBS /NI, X AT RE S AN SEITah . Mk . BRSSP B A
S EESal

2 B XA [ o 2 g 2 A 4% ) 4 A ]
Fig. 2 Spatial distribution of soil p, relative to soil layer in the loess area
24 TIRFES KL ER) Pearson HHXM

LR R TR O B MR T DL RS R S s a1,
PRI, AHFFEIEEL 11 7T Aeszmi L3 AR R 7 CRUARRRL. Bki. mbkL. AR, i
R WL B ZHEFHBOKE . Z2EFHRR. RRENTRE) 31T Pearson AHKIE T, LA
HHHR R IR 5 LI A BRI F o X 11 NPT BREAR K-S KR, RIUIRL & &L 3
FE. ZEEPIRIRMTIREE 4 AT B 5 77 & IR A, HOn it 4 AP AT X H0R e
JEE— 2 7t .

X3 AARLREEARES LI, Ak, HBAEROR 7 X0 B R RS a5 R . WTRLE
t, 3 NMEEREEE SRS ELENEZ TR KR RS BRI, A LR S5 A
EAMA B ARIER, NSRRI, 3 A 2 B 7% 5 3 5 g PR ORI 5 B M
KA, TR TGS JEBORMRE A RIR G YR, HIRBR L DB BN,
S, BERCRHIMTT, ZEMIE NS TR, e — @R m g N IR R SR . AR,
3IANTERE LA EY S LR H TR B AL R

R3 FAELEIIRAES KL ER Pearson HXFRH

Table 3 Pearson’s correlation coefficients between soil p, and other variables relative to soil layer

AR & Variable 0~10 cm 10~20 cm 20~40 cm
Fki & & Clay content -0.136* 0.076 0.099
WiRi& & Silt content -0.375%* -0.252%%* -0.250%*
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PRI & * Sand content 0.209%* -0.002 -0.029
4 J5 30 Land use types -0.140% -0.263%* -0.262%*
4R Elevation -0.221%* -0.442%* -0.483%*
3% * Slope gradient -0.183%* -0.326%* -0.400%*
3 [ Slope aspect 0.024 0.050 0.011
ZAESF#5) %7K # Multi-year mean annual precipitation 0.014 0.302%* 0.390%**
ZAEF44S * Multi-year mean annual air temperature -0.021 0.140%* 0.214%x*
7%/ 2 Evaporation 0.169%* 0.070 0.071
THEPE ° Aridity 0.057 -0.219%* -0.281%*

VE: a FOREURIET T BA 10 SREHIR B S 0RTE 0.01 AKF U LR FEHR, *FRTE 0.05 AF U L BFEHIR Note: a, data
were log-transformed (log base 10).**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed)

BT 3t R A7 SO A AR AT TR EZ 0 (B 3). SRR, XTFR-F
WA, BRER, REREAEBOC, W TR LE, RERERIVR R K, Fi S5
ML, 353 49 25713 21 AV AC PR b R 07 28 b - 2 SR K, AR R Bt - e 2 s/, B
B EEPERIA B XS AX ARG K A CUBEANE DO R, KR
o AfESE LIXFIER, IRRRS R, RS, MOARE S B A A s R X AR AR AL,
WKL B BRI Rk, N2 MRE HER RSB, A OViEs) B B RS+,
JIT DAMR B 4 385 A/

1.6
14t =
ng—*
& 17
<08
w 0.6
o4 t

02

0

Of<3iCropland D% HiGrassland Bk itiForestland

=

0~10 10~20 20~40
+JZ soil layer/cm

3 AFEEHF TN SR E R R R T =0 CPIME AR IR ZE)
Fig.3 One-way analysis of variance of soil p;, relative to land use (mean + standard error)
25 TIEREZ RS OAFEFFERBSE

A AL GEIN R TE S I AR L) (8] 0 R AR SE UK T AR RS 8, WoE Rl 3
275 T KR P K o DRV, P SR Ao o Sk 000 = 7 o e 8 39 o Mo e LA R e 0,
AR TR BOR AR R Wi R, FIHT 243 DFERITH) 80% (195 M) MR F. IS A+
J7 A B E AR K T 3T 2 0B AT, 58 3 A HENZ B D EATRE (R 4); 4
EHEATE LA E R E MR T A 6 H W i B Our g, BI8 ~FO7 . JTTT . R92.
BEMRE T WRAR) 1Ey B AR EIATED B b, Kl 22 mH E B AT L R, £
F3ANALREHEERENELEREBOTE R4,

ZREW], 3 A2 B DR SIRE R k. R R AELERE R
R TTEAS AR EAR, 0~10 cm EE bR & &, BRI EEACLAIEE, 10~20 cm
FEBRLE & IR 2R TRE L AT, 20~40 em EE KRS E L RS
THA AT BEFEIBEKE . WELTEE . 28 BORRMR . Zug 2 mIHT R L Rtk
R EOT ARG R T UG, X RERE R R, . BRI AT L RURESERRE S/
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IN-TES R REOEo Sy AP

FIF 243 NFEEHT 20% (48 4N BEATHIAUEZIGIE, RIESIR K 4. ZICZELRIATFE 3
LR M YeE KRR 518 039, 035, 0.34, L% 3 A L2 LR E T R R 45
9040, 0.38 F10.52. Kk, HATVESS 0~10 em 42 35855 B BHUSCR AL, AT DARRE 1%
A AR ) 40%. 5 0~10 om BAUZE R, 10~20 F 20~40 om {4 5 £ 13 bR OS2 B0k SR B I
WTZL B TT R, BEAURS BERUZ A [0 A 75 R 7 5 e 3% 18%. A% BT AR iR %2 . P14
XRZEBNT 0.1, BITHRRZEL/NT 0.2, B R MR 0.3, KERIESH ST £ T
B RIHTTRE, WA 36 bR 27 FEAE 0N iR 5 3 A U7 ISR B A . 3K A2 R PR A% 3 ol B80T 18
LA T A R, T LUE A R R B SR 2 SR RN, AR Leij 2527 H 1t
TR 0T LASR 1o A 330 R BSOS AL (K 80, AR FORE I RE | AR S M IR T35 RRZE I o kA, Han %50Y
AR LIRA RS L ERERREEMIG, RO FOAFE L) s 5 5 AT, a5kt
JRRFEH IR T . 5 Wang P UMEL, AHT FCRAEMAE 2, RITTXHA S 1%
HAT T E BAIR SR L. BAh, AR e B A B S ] A B R, R, A% R AL
BT P T FH 1) 2% 3 e v T XA RUBE AN () - J2 e 7 = R DL 5 T«

F4 TRILELRBFERDNZUELENTSE (), FERBHFE (b) MFNEE
Table 4 Simulation of soil p, with multi stepwise regression equation (a) , and pedotransfer function equation (b)

and their prediction accuracies

+JZ Soil Rty 2 WE R iy S8 L i BIr iR LS &S
layer/cm Simulation equation # w7 7= % #
R AE MAE RMSE MEC
0~10 a pp=1.707-0.005%Silt-0.003xSG- 0.39 0.002 0.065 0.079 0.386

4.569% 10 xEL-0.028xLU
10~20 a  py=1.721-7.869x10°xEL-0.006xSilt-0.056xLU 0.35 -0.194 0.197 0.223 -1.790
20~40 a py=1.671-5.753x10°xEL-0.005xSilt- 0.34 -0.193 0.196 0.222 -1.663

0.048xLU-0.003xSG

0~10 b py=1.890-0.070xSilt"*-2.104x10°xLUXEL- 0.40 -0.009 0.067 0.080 0.368
0.017xSG"**
10~20 b py=1.640-3.886x10°xSiltxEL-0.007xTxAR+ 0.38 0.008 0.088 0.106 0.356

0.073%cosAR+0.171xLU"'+1.677x10° xELXT
20~40 b py=1.817-8.099x107xSiltxEL-0.001xSiltxLU- 0.52 0.059 0.094 0.111 0.332
138.401xP+0.036xc0sSG+0.013XxLUXAR-

6.993x10°xSGxP

i Silt kKA R (%), LU LRI Clii=1, HHi=2, #ib=3), EL NiFR (m), SGAME ° ), T A 1951—2012 fE L4
SEERIR CC), AR ATHREE, PO 1951—2012 4E 24 F 34 %7K & (mm) Note: Silt, silt content (%); LU, land use types (cropland=1, grassland=2,
forestland=3); EL, elevation (m); SG, slope gradient (°); T, multi-year mean annual air temperature from 1951 to 2012 (‘C); AR, aridity; P, multi-year

mean annual precipitation from 1951 to 2012 (mm)

34

HEXAR LR AFREHA TN RREERERA A REER, HHEERTRR
FERREImE R, HARZE AR E R, HIOUM AR, 0~10 cm 7 HEBAT AN
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AR, 1T 10~40 cm B H SRR B 2 (AR M I, 4% )2 25 58 (0 248 S5 R B0mT FH i B0 7R AR o fR A
RHATE A A - 0~104 10~20 F1 20~40 om PR B 3875 8 A RAE AT BE 43 0N 5.6~11.2. 70.9~141.7
F1 195.4~390.8 kmo ¥ T XAN[E 12 IR A AR 7 R MBS R A O AU 3R
M, 0~10 cm EENMRLE . LHORIA . R UL, 10~20 em EE MRS R, R, £
PSR TR R EHRIA, 20~40 em EENRb RIS EL R BHORIAE . 2 PRBRKE.
WRE TR EE o AL bR OB R = R A AR T 2 0@ B mA T2, nT T HIE & 2837
B2 A T IX 45 RURE - 398 75 B 2 [R) 43 A REAIE 1R T30
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Spatial Variation of Soil Bulk Density in Different Soil Layers
in the LoessArea and Simulation
YU Dongxue'?  JIA Xiaoxu'* HUANG Laiming'? SHAO Mingan'? WANG Jiao'
(1 Key Laboratory of Ecosystem Network Observation and Modeling, | nstitute of Geographic Sciences and Natural Resources Research,
Chinese Academy of Sciences, Beijing 100101, China)
(2 College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100190, China)

Abstract [ Objective] Soil bulk density (py) is one of the most important soil physical properties and can
be used to characterize soil quality and soil productivity and as a basic parameter to assess soil carbon and
nitrogen storage. Furthermore, p, has a significant effect on transport of soil water and solutes. However,
large-scaled soil databases do not encompass much p;, data, owing to the time- and labor-consuming methods to
acquire such data, especially the data of deep soil layers in the field. This study was conducted to (1) explore
characteristics of regional spatial variation of p, relative to soil layer across the loess area, (2) determine effects
of soil texture, topography, climate and land use on p, and (3) compare the stepwise regression method with the
pedotransfer function method in simulation of spatial variation of p,.[ Method A total of 243 sampling sites were
set based on a grid sampling scheme (40 kmx40 km) in the loess area, and p, of the soils at the depth of 0~10,
10~20 and 20~40 cm of the soil profile and relevant environmental variables, were collected separately, at each
sampling site. Spatial variation of p, was analyzed with the classical statistic method and geostatistical method,
respectively. Stepwise regression equation and pedotransfer function equation was used to simulate spatial
distribution of soil py,, separately. [Result] Results show that p, varied moderately within a soil layer, and
generally increased with soil depth in the profile loess area. p;, variability in the 0~40 cm soil layer was moderate
according to the coefficient of variation. In general, cropland was the highest in mean p,, and followed by
forestland and grassland. Semivariance of soil p, of the 0~10, 10~20 and 20~40 cm soil layer can be best fitted
by the exponential model, the exponential model and the spherical model, respectively. Soil p, of the 0~10 cm
soil layer exhibited strong spatial dependence and those of the 10~20 and 20~40 cm soil layer did moderate ones.
The optimal interval between sampling sites was 5.6~11.2, 70.9~141.7 and 195.4~390.8 km for the 0~10, 10~20
and 20~40 cm soil layer, respectively. Silt content, land use, elevation and slope gradient were the key factors
affecting soil py in the 0~10 cm layer; silt content, elevation, multi-year mean annual air temperature, aridity and
land use were in the 10~20 cm soil layer; and silt content, elevation, land use, multi-year mean annual
precipitation, slope gradient and aridity, were in the 20~40 cm soil layer. The pedotransfer function equation
explained 38%~52% the variation of py,, while the stepwise regression equation did only 34%~39%. [ Conclusion]
Spatial distribution of soil py, varies significantly with soil depth and vegetation type across the loess area, and is
affected jointly by soil texture, topography, climate and land use at the regional scale. The pedostransfer function
equation is recommended for modeling and predicting spatial distributions of py, particularly for soil layers

below 40 cm in the loess area of China.

Key words Loess area; Bulk density; Spatial variation; Land use; Pedotransfer function
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