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Fig. 1 Density (a) , porosity (b) and saturated water content (¢ ) of rock fragments relative to particle size
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Fig. 2 Total bulk density and fine earth bulk density of soils

containing rock fragments for different soil layers
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Fig. 3 Relationships of rock fragment content with total bulk density (a) and fine earth bulk density (b ) in different soil layers
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porosity for different soil layers
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Fig. 5 Relationships of rock fragment content with total porosity (a), non-capillary porosity (b) and capillary porosity (¢) in

different soil layers

3 48 i

s A A B O SR RS,
FRAT R 7R S R AR Dbt A 7 AR A T A Sk o dd s
X =il A DXL 11 5 8 5 A AR e Y SRR )
HVER AT I ADT ST, 3 T LU SRS B AR
P, XA R RE B Ry, A LB RAR A 5 K
R LA U/ N TR DR o A A AR 0 T b A [
EYORAR BRI IR S, SR T R IEMEE, A
X RIERBAE . M AEAA B B
AR, RS AEEZER N, A LA
HEWATEELMEAMCKER . SRR S
PR K. FEETEO SRR, T SLER
JEE RN A L B L i B, AR A FLB R SR
I EE-I8

2 % X m

[1]

Yoo K, Mudd S M. Discrepancy between mineral
residence time and soil age: Implications for the
interpretation of chemical weathering rates. Geology,
2008, 36 (1) : 35—38

Vitousek P, Chadwick O, Matson P, et al. Erosion and
the rejuvenation of weathering-derived nutrient supply
in an old tropical landscape. Ecosystems, 2003, 6
(8) : 762—772

Wang X Y, Li Z X, Cai C F, et al. Hydrological
response of sloping farmlands with different rock
fragment covers in the purple soil area of China. Journal
of Hydrologic Engineering, 2013, 18 (4) : 446—456
FNHE, I, B PR R 5 (O R Rk S
WA KEREERE, 2012, 23 (1) @ 38—45

Wang X Y, LiZ X, Cai C F. Hydrological processes on

sloped farmland in purple soil regions with rock fragment

http: //pedologica. issas. ac. en

S

2017-3-16 9:39:07




+Hiindd 384

384 + e X il 54 %4
cover (In Chinese ) . Advances in Water Science, Journal of Agricultural Sciences, 2008, 21 (5) .
2012, 23 (1) : 38—45 1320—1325

[5] Wang XY, LiZX, Cai CF, et al. Effects of rock [14] Arkley R J. Soil moisture use by mixed conifer forest in
fragment cover on hydrological response and soil loss a summer-dry climate. Soil Science Society of America
from regosols in a semi-humid environment in South- Journal, 1981, 45 (2) : 423—427
west China. Geomorphology, 2012, 151/152: 234— [15] Jones D P, Graham R C. Water—holding characteristics
242 of weathered granitic rock in chaparral and forest

[ 6] Poesen ] W, Torri D, Bunte K. Effects of rock ecosystems. Soil Science Society of America Journal,
fragments on soil erosion by water at different spatial 1993, 57 (1) : 256—261
scales: A review. Catena, 1994, 23 (1/2) : 141— [16] Zwieniecki M A, Newton M. Water—holding
166 characteristics of metasedimentary rock in selected

[ 7] CousinI, Nicoullaud B, Coutadeur C. Influence of rock forest ecosystems in southwestern oregon. Soil Science
fragments on the water retention and water percolation in Society of America Journal, 1996, 60 (5) : 1578—
a calcareous soil. Catena, 2003, 53 (2) : 97—114 1582

[ 8] HhZREE, HPWIge. & R LA S /K kI 5 1 25 2T [17] Hubbert K R, Graham R C, Anderson M A. Soil and

[9]

[10]

[11]

[12]

[13]

R, 2008, 45 (2) @ 201—206

Ma D H, Shao M A. Determination error of water
content in stony soil (In Chinese )
Sinica, 2008, 45 (2) : 201—206
TRISC, SRGED, B, AR R R I A e
T RT3 b 28 - R R R L AR PRl KRR
2000, 19 (2) : 129—133

W, CaiC

. Acta Pedologica

Ding S C F, Huang L, et al. Influence of rock
feather and structure on some properties of purple soil

Journal of

19 (2) :

of slope land in Zigui Basin (In Chinese ) .
Huazhong Agricultural University, 2000,
129—133

fffgige, 4. hESE R, b Bl
2003

He Y R, et al. Purple soils in China ( I ) (1In
Chinese ) . Beijing: Science Press, 2003

ZEs, AR, RERIL, A e TN RN
Ml . R34, 2010, 47 (3) : 393—400

Li L, Zhou Z H, Du S H, et al. Model-based

e

estimation and field measurement of purple soil
formation rate (In Chinese ) .
2010, 47 (3) : 393—400
FoNE, FRHL, G, S SWRE KRGO LRI
OIARHIE. 3SR, 2015, 52 (2) @ 293—302
Wang X Y, Wang T W, Cai C F, et al. Spatial

Acta Pedologica Sinica,

distribution of rock fragments in purple soil in Three
Gorges Reservoir Area (In Chinese ) .
Sinica, 2015, 52 (2) : 293—302
A, BNE, XIEAR, 4F. RSO LERARITERT M
Hezs A, Aol 74, 2008, 21 (5) @ 1320—
1325

LiY, Wei C

Acta Pedologica

F, LiuJ Z, et al. Characteristics and
spatial distribution of rock fragments in hilly purple

soils of Sichuan Basin ( In Chinese ) . Southwest China

http:

[18]

[19]

[20]

[21]

[22]

[23]

weathered bedrock: Components of a jeffrey pine
plantation substrate. Soil Science Society of America
Journal, 2001, 65 (4) : 1255—1262

ot , TAER, MR b 32 A e LI
A E AL R BT T, RS, 2016, 53 (1) @ 93—
102

Han G Z, Wang D C, Xie X J. Pedotransfer functions
for prediction of soil bulk density for major types of
soils in China (In Chinese ) . Acta Pedologica Sinica,
2016, 53 (1) : 93—102

XVER, ERH, 5%, . MUK E X =k X
b BT B DT Y R R RS . AR, 2013, 50
(2) : 396—404

LiuYJ, Wang T W, CaiC F, et al. Effect of vegetation
restoration on soil shear strength of road side slopes of
unpaved roads in the Three-Gorges Reservoir Area (In
Chinese ) . Acta Pedologica Sinica, 2013, 50 (2) :
396—404
Stewart V I, Adams W A, Abdulla H H. Quantitative
pedological studies on soils derived from silurian
mudstones ii. The relationship between stone content
and the apparent density of the fine earth. European
Journal of Soil Science, 1970, 21 (2) : 248—255
Gargiulo L, Mele G, Terribile F. The role of rock
fragments in crack and soil structure development: A
laboratory experiment with a vertisol. European Journal
of Soil Science, 2015, 66 (4) : 757—766

Childs S W, FlintAL. Physical properties of forest soils
containing rock fragments//Gessel S P, et al. Sustained
productivity of forests soils. Faculty of Forestry,
University of British Columbia, Vancouver, BC,
Canada, 1990: 95—121

Rawls W J. Estimating soil bulk-density from particle-

size analysis and organic-matter content. Soil Science,

/Ipedologica. issas. ac. cn

2017-3-16 9:39:07




2 FNHESE . R DR AT B i S 6, A R FLBRAE (14 5 ) 385
1983, 135 (2) : 123—125 [30] WHEZAR, T, MM, . NSl SRR R +
[24] Kosmas C, Moustakas N, Danalatos N G, et b A ERX RALBIE R S A4, 2007, 25
al. The effect of rock fragments on wheat biomass (5) : 541—547
production under highly variable moisture conditions Shi Z J, Wang Y H, Xiong W, et al. Effect of rock
in mediterranean environments. Catena, 1994, 23 fragments on the formation of soil macro porosity of
(1/2) : 191—198 typical vegetation in Liupan Mountains of Westnorth,
[25] Alberto F. Considerations sur la pierrosite des sols China (In Chinese ) . Journal of Mountain Science,
bruns a crouite calcaire du bassin de 1’ ebre. Bulletin 2007, 25 (5) : 541—547
des Recherches Agronomiques de Gembloux, 1971, [31] Ma D H, Shao M A. Simulating infiltration into stony
6: 180—185 soils with a dual-porosity model. European Journal of
[26] Flint A L, Childs S. Physical properties of rock Soil Science, 2008, 59 (5) : 950—959
fragments and their effect on available water in skeletal [32] Z=3%, X5, BlE . 45 BRaxt BHOKFAB (97
soils//Nichols J] D , Brown P L, Grant W J.Erosion ) WIS gy, LSRR, 2011, 48 (2) @ 435—
and productivity of soils containing rock fragments. 439
Simplified Spelling Society of America Special LiY, LiuJ Z, Wei CF, etal. Effect of rock fragment
Publication, 1984: 91—103 content on water infiltration ( diffusion ) in purple soils
[27] Torri D, Poesen J, Monaci F, et al. Rock fragment (In Chinese ) . Acta Pedologica Sinica, 2011, 48
content and fine soil bulk density. Catena, 1994, 23 (2) . 435—439
(172) : 65—71 [33]  JA#EeE, SPW%. AR & R R LK A
(28]  AFFIAL, BRUGKY, b ik /i £ et A 5k IR, LIESEAE, 2007, 44 (5) @ 801—807
AT FLATRE. AR, 2015, 52 (3) ¢ 538— Zhou B B, Shao M A. Effect of content and size of rock
546 detritus on infiltration ( In Chinese ) . Acta Pedologica
Fu T G, Chen H S, Wang K L. Vertical distribution Sinica, 2007, 44 (5) : 801—807
of soil saturated hydraulic conductivity in a small karst [34] Zhou B B, Shao M A, Shao H B. Effects of rock
catchment (In Chinese ) . Acta Pedologica Sinica, fragments on water movement and solute transport in
2015, 52 (3) : 538—546 a Loess Plateau soil. Comptes Rendus Geoscience,
[20]  ZE5%i, WHRER. /NS A J LI AT IR A v o A b+ 3 2009, 341 (6) : 462—472
FLBARIEA M. e, 2015, 52 (1) @ 242— [35]  FEZEIF, 6bUIZ. &iea LK AB KBTI, KR
248 2R, 2006, 17 (5) @ 604—609
Li Z C, Hu X. Effects of shrub ( Caraganamicrophylla Wang H F, Shao M A. Experimental study on water
Lam ) encroachment on soil porosity of degraded sandy infiltration of soils containing rock fragments ( In
grassland (In Chinese ) .Acta Pedologica Sinica, Chinese ) . Advances in Water Science, 2006, 17
2015, 52 (1) : 242—248 (5) : 604—609

Influence of Rock Fragments on Bulk Density and Pore Characteristics of Purple
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Abstract [ Objective] Bulk density and pore distribution characteristics are two fundamental soil
properties. However, not much has been reported about physical properties of soils containing rock fragments

and influences of rock fragments in soil on bulk density and formation of non-capillary porosity of the
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soil. Purple soil is the major type of soil in the Three-Gorge Reservoir Region and the high content of rock
fragments is one of the important characteristics of the purple soil. The existence of plentiful rock fragments in
the soil will sure affect the formation of bulk density and porosity characteristics. The purpose of this study is
to understand how rock fragments affect bulk density and porosity characteristics and its possible mechanism
in the purple soil of the region. It is expected that the findings in this study may help collect some basic
parameters of soil spatial distribution for building models to be used to predict spatio-temporal variation of
surface runoff and soil erosion, while providing some scientific bases for irrigation and water management of
agricultural land in mountainous areas. [Method] In order to explore in depth and evaluate potential effects
of rock fragments on bulk density and porosity characteristics, soil samples typical of the soil were collected
during field surveys for in-lab analysis of contents and fractions of rock fragments in particle size, soil
physical properties, bulk density and porosity. [Result] (1) Rock fragments varied sharply in density,
porosity, saturated water content, and weathering degree. The larger in size, the lower in weathering
degree, the higher in density, and the lower in porosity and saturated water content. The three fractions
of rock fragments, small, medium and large, were 1.9, 2.2 and 2.3 ¢ em™ in density, 0.16, 0.10 and
0.06 cm’ em™ in porosity and 8.0%, 4.5% and 3.2% in saturated water content ( mass moisture content ) ,
respectively. (2) Content of rock fragments was closely related to total bulk density and bulk density of fine
earth. With increasing rock fragment content, total bulk density increased while bulk density of fine earth
decreased, showing a linear negative relationship. (3 ) Soil pore distribution was closely related to content
of rock fragments. With increasing content of rock fragments, total porosity and capillary porosity of the
soil decreased while non-capillary porosity, i.e. macrospore, increased. [ Conclusion) The sum up, rock
fragments, especially those small in size, have certain water holding and supplying capacities. In farmlands
under water stress, rock fragments can also release some water available for plant growth. The existence of
rock fragments in the soil helps improve soil structure and soil water permeability.

Key words Purple soil; Rock fragment; Bulk density; Porosity; Three-Gorge Reservoir Area
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