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Evaluation of soil bulk density in Chinese terrestrial ecosystems for determination
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Abstract : Soil bulk density (BD, g/cm’) is one of most important properties of soil. BD can be used to characterize the
conditions of soil quality and soil productivity and is an important parameter used for estimation of soil carbon storage within
a plot or on regional and national scales. In practice, the common methods used to measure BD in the field are laborious and
expensive, particularly for deeper soil layers. Moreover, it is difficult to control the quality of BD data when classical
protocols utilizing soil cores are used. Therefore, large-scale field investigations of BD have not been conducted, resulting in
a deficiency of BD data in databases in China and other countries. In this study, we collected BD data ( 11845 records) for
Chinese terrestrial ecosystems from sources including the database of China’s Second National Soil Survey, the database of
the Chinese Ecosystem Research Network, and public publications from 1980 to 2014 in order to explore the properties of
BD on a national scale and to identify general changes in BD with soil depth and types. The results showed that the reported
BD data in China were normally distributed across all soil types and at different soil depths. The mean and median values of

BD were 1.32 + 0.21 g/cm’ and 1.35 g em’ | respectively. BD increased with increasing soil depth along the soil profile,
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which could be well depicted by power functions. There was a significant positive correlation between BD and soil organic
matter content and a weak negative correlation between BD and sand content. Furthermore, the values of BD seemed to vary
among different soil types, and the mean values of BD ranged from 0.93 g/cm’( alpine soil) to 1.41 g cm™( alkali-saline
soil). In summary, our study demonsirated the patterns of BD distribution among different soil depths and types on a

national scale, and the findings may be used to estimate soil carbon storage both regionally and nationally.

Key Words: carbon storage; distribution frequency; soil type; soil bulk density; soil depth
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Fig.2 The frequent properties of soil bulk density and its vertical distribution with soil depth in Chinese terrestrial ecosystems
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Fig.3 The frequency distribution of soil bulk density in different soil depth
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Fig.5 The vertical distribution of soil bulk density with soil depth in different soil types
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Fig.6 The relationships between bulk density and soil organic matter and sand in different soil types

32 LIRSS T HEA AR
LIRSS R TR IRE SO SF AR B AR R, A ML AT ) 0k A5 R 2 5 T IR IR A )
KN ZALATE T R[] L e 2 o LA LT i AL 5 e AP AR AR I 22 5, 3 5 DR A 5 ) X g
AN ) R DU & i T 45 25, Calhoun 55 2% 73 B A5 fak R 398 0 4t F 25 1 25 1k 1 f 88 132 3
W 50% . 45RWoR N R A B S AP AR E B R TOHSCC R, LA L& & X -
HEL R BAT RN, 2 i AN (] RS A ) - 2 ) W 2 S AR 2 DA Ll O il A
HFHHN 0.93 g/em®  TEASZE TP R AR s SRR b T e Ll b J2 B A TR ) DX, JETE VS 1 SRR
ATy TA BT 738, T8 - A LTS iy, i il e T AR . i TIOR3 i) AR (AR
DRI AT WU A X 338 - 8 o FA T B R YT L S AT R AR A A L M P R AR LB T
R HEURL I R 2t RO TR A LB RS AR A WK P B R T A AL S %) AL B AN K AR
SO, TS A T RS20 Yang 55 HFSERIT A HLBTS 1 i e L R T 81% ik 5, 10
YIRS AT B B A O, B R BRI B A T R T R R S BT R , HE
Y 2 S5 e T AR A DR PR PR, v FL % 1 SR 2 TR BLREAIR ) /I - HEABURE OB R RIAL ) 52 4 43

http ; //www.ecologica.cn



6 S % 36 &

T PR R SO (VDL ) T BRI 25 B IS 2 1 B0 vy 110 - R 2 T A, - 3 A R 2 VDR H B A S i VDR ) 70—
75% "), 8 809% O it R E AL B,
3.3 R HEAEEE B I S AT AR

FHEASTENT 0 — 100 em -3 S B R R] S pa s, X 5 HABMEE B T el A 5
A HLFUE R + 5825 BRES A B IR AR, B W - AR Y RATAFST A5 R R+ A LR
B HEAEAEDENTMERR, XS Suuster Z 2 BEFE L5 RAMIF . B 2 HEE RSN, LA PLUFR &
SR IAAR 0 i A 4 7 R MRV I TR R A RN B A, Bt A M) i R BB
A P T 7 A A R R A R S R s R B T A S T R R K A SRR
3.4 R E AL IR PR 1 X

T4 R RS TS [ - 3968 R0 ) - 38 25 T A0 A B EG T A0 A R AE |, X R DA X3 28 4 R A 4 1
I B R Y, TR R e e — T SR R 0 AR R, T RS R O
AR EHIEAEE LZ o R AT B R A R B 3 i Y R A A SRR 2, IO N
M) DX 35§ - e A HURR Itk SRS B A B S R O 742 3 e AR SCROE RN 258 B A BRI, B 5T N B — T
A IO 9 - 4258 S Bs DR 700 20 I B 4 o T B R A s 50 — O i, BME N B AT B AR SO 4
SR T TR AN S L, 300 0T 98 25 TOME LAVERR AR U X SR 2 R I AR AR BIESE T
FHA 5825 S8R IR B AN R8O e JLORE e () 5 B K | B BN AR A AE — B 25 5 [ 3RAT 1S5 A2 1E
—E M R BRI RN E M, A, ) D7 ORI Bl AR + 39825 it HLAT S22 52 {0 A2 25040 i B 1
AR FE T — IR TR I m) 8, 75 SR AR AR (A5 rp T IS ] = o ) O QR Bt 8 4 4 75 o F
FTRABIGE . 76 LRl R rp BT N B AT 5 ARl SE PR 17 DL 45 B AR SCAS IS e A T8 ) R R Al B
2 RSO R G VA T R R b R TR AR A 1R A0 AR AR T ARAE TR R R IR RS
A, P HERR AL X Skl 4 [ - e R R TR E S

£ 3R ( References)

[ 1] Saini G R. Organic matter as a measure of bulk density of soil. Nature, 1966, 210(5042) : 1295-1296.

[ 2] Suuster E, Ritz C, Roostalu H, Reintam E, Kalli R, Astover A. Soil bulk density pedotransfer functions of the humus horizon in arable soils.
Geoderma, 2011, 163(1/2); 74-82.

[3] Mals, sbMlZ, %A, o4 XImRJE LR AR R G CR 2 RS SARFE. K R 0RFF244E, 2004, 18(3) : 53-56.

[4] Zuakidh, Tte. dos ot RO SRR N A K YRR - HEE 4, 2000, 31(2) : 55-57.

[ 5] Oussible M, Crookston R K, Larson W E. Subsurface compaction reduces the root and shoot growth and grain yield of wheat. Agronomy Journal ,
1992, 84(1): 34-38.

[ 6] Andrade A, Wolfe D W, Fereres E. Leaf expansion, photosynthesis, and water relations of sunflower plants grown on compacted soil. Plant and
Soil, 1993, 149(2) . 175-184.

[ 7] xIeesy, e, AN KT R FRAER M. B HA 25244, 2003, 14(11) ; 1906-1910.

[ 8] Kaur R, Kumar S, Gurung H P. A pedo-transfer function ( PTF) for estimating soil bulk density from basic soil data and its comparison with
existing PTFs. Australian Journal of Soil Research, 2002, 40(5) : 847-858.

[ 9] Benites VM, Machado P L. O A, Fidalgo E C C, Coelho M R, Madari B E. Pedotransfer functions for estimating soil bulk density from existing soil
survey reports in Brazil. Geoderma, 2007, 139(1/2): 90-97.

[10] Sequeira C H, Wills S A, Seybold C A, West L T. Predicting soil bulk density for incomplete databases. Geoderma, 2014, 213(1) : 64-73.

[11] Dawson J J C, Smith P. Carbon losses from soil and its consequences for land-use management. Science of the Total Environment, 2007, 382(2/
3): 165-190.

[12] Huntington T G, Johnson C E, Johnson A H, Siccama T G, Ryan D F. Carbon, organic-matter, and bulk-density relationships in a forested
spodosol. Soil Science, 1989, 148(5) : 380-386.

[13] Rawls W J. Estimating soil bulk-density from particle-size analysis and organic-matter content. Soil Science, 1983, 135(2): 123-125.

[14] Mouazen A M, Ramon H. Development of on-line measurement system of bulk density based on on-line measured draught, depth and soil moisture

http ; //www.ecologica.cn



13 1 st A v AR RAE R DI I A A R 7

[15]

[16]
[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

content. Soil and Tillage Research, 2006, 86(2) : 218-229.

Quraishi M Z, Mouazen A M. Calibration of an on-line sensor for measurement of topsoil bulk density in all soil textures. Soil and Tillage Research,
2013, 126 219-228.

EFE, WisEA. RIRTIEETERIE. Jtatfol, 2012, (3): 86-86.

He N P, Yu Q, Wu L, Wang Y S, Han X G. Carbon and nitrogen store and storage potential as affected by land-use in a Leymus chinensis
grassland of northern China. Soil Biology and Biochemistry, 2008, 40(12) : 2952-2959.

Wu H B, Guo Z T, Peng C H. Distribution and storage of soil organic carbon in China. Global Biogeochemical Cycles, 2003, 17(2) : 1048, doi:
10.1029/2001GB001844.

Yang Y H, Mohammat A, Feng J] M, Zhou R, Fang J Y. Storage, patterns and environmental controls of soil organic carbon in China.
Biogeochemistry, 2007, 84(2) . 131-141.

Yaalon D H, Yaron B. Framework for man-made soil changes - an outline of metapedogenesis. Soil Science, 1966, 102(4) : 272-277.

Riebe C S, Kirchner J] W, Finkel R C. Erosional and climatic effects on long-term chemical weathering rates in granitic landscapes spanning diverse
climate regimes. Earth and Planetary Science Letters, 2004, 224(3/4) : 547-562.

LiSY, XuZ F, Wang H, Wang J H, Zhang Q F. Geochemistry of the upper Han River basin, China 3: Anthropogenic inputs and chemical
weathering to the dissolved load. Chemical Geology, 2009, 264(1/4) . 89-95.

Simonson R W. Outline of a generalized theory of soil genesis. Soil Science Society of America Journal, 1959, 23(2) . 152-156.

B, A, EIEW, BUEAK, Sk, PR L R AR R R R S0 AR S RS T AT, 2015, 31(5) : 143-149.
Phillips J D, Marion D A. Biomechanical effects, lithological variations, and local pedodiversity in some forest soils of Arkansas. Geoderma, 2005,
124(1/2) ; 73-89.

Dexter A R. Advances in characterization of soil structure. Soil and Tillage Research, 1988, 11(3/4) . 199-238.

MORERL, 1R, R, kA, AR REARFZER LA P S ST F R E. S B 224, 2013, 52(2) ; 220-224.

Calhoun F G, Smeck N E, Slater B L, Bigham J M, Hall G F. Predicting bulk density of Ohio soils from morphology, genetic principles, and
laboratory characterization data. Soil Science Society of America Journal, 2001, 65(3): 811-819.

Alexander E B. Bulk densities of california soils in relation to other soil properties. Soil Science Society of America Journal, 1980, 44(4) .
689-692.

Alakukku L. Persistence of soil compaction due to high axle load traffic. II. Long-term effects on the properties of fine-textured and organic soils.
Soil and Tillage Research, 1996, 37(4) : 223-238.

Davidson S E, Page J B. Factors influencing swelling and shrinking in soils. Soil Science Society of America Journal, 1956, 20(3) : 320-324.
Fi, B, XNE, FSE, @A 8O KR RIS, TR AOLAFFE, 2005, 23(5) : 93-97.

Adams W A. The effect of organic matter on the bulk and true densities of some uncultivated podzolic soils. Journal of Soil Science, 1973, 24(1) .
10-17.

Gardner W R. An introduction to the physical basis of soil water phenomena. Soil Science, 1970, 110(3) . 218-218.

Pachepsky Y A, Rawls W J, Lin H S. Hydropedology and pedotransfer functions. Geoderma, 2006, 131(3/4) : 308-316.

Tranter G, Minasny B, Mcbratney A B, Murphy B, Mckenzie N J, Grundy M, Brough D. Building and testing conceptual and empirical models for
predicting soil bulk density. Soil Use and Management, 2007, 23(4) . 437-443.

Koltermann C E, Gorelick S M. Fractional packing model for hydraulic conductivity derived from sediment mixtures. Water Resources Research,
1995, 31(12) ; 3283-3297.

Stewart V I, Adams W A, Abdulla H H. Quantitative pedological studies on soils derived from silurian mudstones 2 relationship between stone
content and apparent density of fine earth. Journal of Soil Science, 1970, 21(2) : 248-255.

Hobley E, Willgoose G R, Frisia S, Jacobsen G. Environmental and site factors controlling the vertical distribution and radiocarbon ages of organic
carbon in a sandy soil. Biology and Fertility of Soils, 2013, 49(8): 1015-1026.

Jobbagy E G, Jackson R B. The vertical distribution of soil organic carbon and its relation to climate and vegetation. Ecological Applications, 2000,
10(2) : 423-436.

Heuscher S A, Brandt C C, Jardine P M. Using soil physical and chemical properties to estimate bulk density. Soil Science Society of America
Journal, 2005, 69(1) : 51-56.

He N P, Zhang Y H, Dai J Z, Han X G, Baoyin T G T, Yu G R. Land-use impact on soil carbon and nitrogen sequestration in typical steppe
ecosystems, Inner Mongolia. Journal of Geographical Sciences, 2012, 22(5) . 859-873.

http ; //www.ecologica.cn



