+ # (Soils), 2017, 49(2): 371-378

DOI: 10.13758/j.cnki.tr.2017.02.024

BT T IR K FLBRAFIE S B R AR X MR R

1,2
(1
CT
CT
S152.4
[1-3]
X (CT)
[5-8]
[10-11]
CT
[14] [15]
CT
[16]
[17] [18]
(41471018)
* (huxia@bnu.edu.cn)
(1988—)

1,2%

1,2 1,2 1,2
100875 2 100875)
Fiji
0~ 100 mm 100 mm
0.002=®<0.02 mm
[19]
[20]
[21]
CT
[9]
[12]
[13]
1
1.1
36°15' ~ 38°20' N 97°50" ~ 101°20" E 3194 ~
5174 m 68.6%
31.4%
(41130640)

E-mail: 201531480027@mail.bnu.edu.cn

http://soils.issas.ac.cn



372 49

2406 m
(221 1.2
[23] 1 1~8
9 10 1
3200 ~4 100 m 100 mm 2 mm 300 mm
PVC PVC
50 ~ 175 mm CT 0~ 100 mm
1 kg
98°0'0"E 99°0'0"E 100°0'0"E 101°0'0"E
38°0'0"N
37°0'0"N
36°0'0"N

E1 HIREERMGLE

Fig. 1 Location of experimental sites in study area

F1 WRXRHFESHOHIBAE. BHMBREA

Table 1 Locations, vegetation types and topographic positions of sampling sites

(m)
1 100.035°E, 37.575°N 3530
2 100.006°E, 37.594°N 3553
3 100.007°E, 37.595°N 3610
4 100.006°E, 37.595°N 3582
5 100.006°E, 37.596°N 3563
6 100.106°E, 37.352°N 3365
7 100.101°E, 37.351°N 3367
8 100.231°E, 37.256°N 3221
9 100.780°E, 36.783°N 3224
10 100.780°E, 36.783°N 3224
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1.3 CT
Light Spreed VCT(64 CT
)
CT 140 kV 200 mA NaOH -
2.51/s 0.625 mm
0.625 mm % 0.33 mm X 0.33 mm
512 x 512 8 Bmp 2
FT2 WMREEFHTIEELER
Table 2  Soil physical-chemical proprieties of sampling sites
CaCO; (g/ke)
(gkg)  (gke)  (gkg)  (@K®)  ©<0.002mm 0.002<dP<0.02 mm 0.02< <025 mm 0.25<P<2.00 mm (g/cm’)
1 11.80 1.04 203.7 0 97 200 201 501 0.46
2 10.70 1.03 173.9 0 47 200 224 528 0.69
3 5.48 0.77 115.5 0 38 280 345 336 0.83
4 11.00 0.95 215.4 0 97 300 215 387 0.67
5 7.44 0.76 172.1 0 97 250 280 374 0.72
6 7.45 0.82 156.1 0 97 200 481 222 0.73
7 7.29 0.66 137.1 106.0 197 150 250 404 0.69
8 3.03 0.86 41.7 68.5 158 390 415 36 1.18
9 0.09 0.22 1.1 30.8 18 40 57 884 1.63
10 0.16 0.24 2.1 323 18 10 225 746 1.55
1.4
Fiji 2
PVC
(region of interest ROI) 300 mm Aubertin**!
Fiji B3 1~7
0 ~ 100 mm
Fiji 3D el
0 ~ 100 mm
Matlab 1 4 6
0~
100 mm) Bharati
L7 Seobi 1%
SPSS 13.0 2 8 ( )
Pearson 1~7 8
P=0.05 P<0.05 0 ~ 50 mm
P<0.01 9 10
0~ 100 mm
2 2.2
2.1 3 10 0 ~ 100 mm
2 10 0 ~ 300 mm 3
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6 7 8 9 10
2 MRRHEMTIEAFLBRE=4E
Fig.2 3D visualization of soil macropores of sampling sites
®3 WMREHH0~100 mm T EHIBFHRIBEHE. 10 0~ 100 mm
KFLBEEMEYER >
Table 3 CT-measured soil macropores, macroporosities and mean
macropore sizes at soil depth of 0 ~ 100 mm of sampling sites 27 4.49%,
(%) (mm) 1.70 mm
1 18 2.95 232 1 9
2 27 4.49 1.70 0.1% 1
3 9 0.55 1.64 2
4 9 0.25 1.83 2
5 5 0.91 1.39 1.3 ~2.4 mm
6 9 0.91 1.82
7 11 0.25 1.99 0.4 mm
8 11 0.11 1.39 2.3
9 1 0.10 0.40
10 6 0.70 1.58 [29-30]
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0.55 ~0.83 g/cm®
B CaCO;
8 9 10 Pearson 4
T4 TIEBMERZEH Pearson tHX R E

Table 4 Pearson correlation coefficients between soil physical-chemical proprieties

CaCOs D1 D2 D3 D4 D5
0.88%*
0.98**  (.83**
CaCoO; -038 -031 043
D1 -033 -0.65* -036 -0.10
D2 —0.18 0.09 —0.16 043  -0.67*
D3 0.34 0.53 040 -0.427 -0.67* 0.22
D4 0.44 0.76* 0.45 -0.10 —0.87**  0.34 0.57
D5 0.31 0.41 0.31 0.63* —-0.66*  0.54 0.08 0.48

—0.94** —0.87*%* —0.95** 0.28 0.50 0.02 -0.49 -0.52 -0.45
0.85**  0.70* 091** -041 -033 -0.24 0.43 044 024 —091**
0.49 0.71%* 0.32 0.03 -0.39 0.20 0.15 0.45 0.27 —0.42 0.13
0.09 0.47 —0.05 0.13 —0.47 0.42 0.08 0.52 0.27 —0.56 -0.21 0.83%%*

0.72% 0.66* 0.69%* -0.07 -0.41 0.25 0.31 0.29 042  -0.78** 0.61 0.45 0.09
D1 @2 D3 P4 DS 0.25=@<2.00 mm 0.05=@<0.25 mm 0.02=@<0.05 mm 0.002=@®<0.02 mm
©<0.002 mm * P<0.05 ok P<0.01
4 @<2.00 mm)
0.71 P<0.05 0.002
< @<0.02 mm @2(0.05< @<0.25 mm) @3(0.02< @<0.05 mm)

0.002<®<0.02 mm  @4(0.002<P<0.02 mm) @5(<0.002 mm)

0.45 @<0.25 mm
-0.42 @>0.25 mm

0.002< @<0.02 mm
33)

0.002< ®<0.02 mm

[34-35] 4
0.52
0.47 61%(  3a)
~0.56 -0.56
[36]
0.72 0.66
0.69 ~0.94 -0.87
-0.78 ~0.95
[32]
0.83( 4)
4 3b 69%
@1(0.25<
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Fig. 3 Linear regression analysis between soil bulk density and mean equivalent diameter of macropores, mean quantity of macropores
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2) 0~
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1.3~2.4mm
0.002< @<0.02 mm
51%
0.002< @<0.02 mm
44% 53% 48%
[1] Beven K, Germann P. Macropores and water-flow in
soils[J]. Water Resources Research, 1982, 18(5): 1311-1325
[2] Lin H, Bouma J, Wilding L P, et al. Advances in
hydropedology[J]. Advances in Agronomy, 2005, 85: 1-89
[3] Xin H. A green fervor sweeps the qinghai-tibetan plateau[J].
Science, 2008, 321(5889): 633-635
[4] Jarvis N J. A review of non-equilibrium water flow and
solute transport in soil macropores: Principles, controlling
factors and consequences for water quality[J]. European
Journal of Soil Science, 2007, 58(3): 523-546
[5] Anderson S H, Peyton R L, Gantzer C J. Evaluation of
constructed and natural soil macropores using x-ray
computed-tomography[J]. Geoderma, 1990, 46(1/2/3): 13-29
(6] , , B. Velde. CT
. , 2002, 34(6): 328-332
[71 , , . CT
[J. , 2008, 40(4): 662—666
[8] , , ;- X CT
. , 2013, 50(6): 159-163
[9] Perret J, Prasher S O, Kantzas A, et al. A two-domain
approach using cat scanning to model solute transport
in soil[J]. Journal of Environmental Quality, 2000, 29(3):
995-1010
[10] Ersahin S, Papendick R I, Smith J L, et al. Macropore

transport of bromide as influenced by soil structure
differences[J]. Geoderma, 2002, 108(3/4): 207-223

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Vervoort R W, Radcliffe D E, West L T. Soil structure
development and preferential solute flow[J]. Water
Resources Research, 1999, 35(4): 913-928
Shaw J N, West L T, Radcliffe D E, et al. Preferential flow
and pedotransfer functions for transport properties in sandy
kandiudults[J]. Soil Science Society of America Journal,
2000, 64(2): 670-678
Clausnitzer V, Hopmans J W. Simultaneous modeling of
transient 3-dimensional root-growth and soil-water flow[J].
Plant and Soil, 1994, 164(2): 299-314
Luo L F, Lin H, Li S C. Quantification of 3-d soil
macropore networks in different soil types and land uses
using computed tomography[J]. Journal of Hydrology,
2010, 393(1/2): 53—64

1H, . )
[J1. , 2014, 51(3): 490-496

1. ,
2010, 1(3): 158-161

1. ,
2013(12): 1091-1100
Zhang S Y, Li X Y, Li L, et al. The measurement
and modelling of stemflow in an alpinemyricaria
squamosacommunity[J]. 2015,
29(6): 889-899
Zhang SY, Li X Y, Ma Y J, et al. Interannual and seasonal
variability in evapotranspiration and energy partitioning

Hydrological Processes,

over the alpine riparian shrub Myricaria squamosa Desv.
on qinghai-tibet plateau[J]. Cold Regions Science and
Technology, 2014, 102: 8-20

.. 5d 8180
7], , 2015,
35(24): 8174-8183
[7]. ( ) 2011(3):
90-96
[M]. ,2012: 3
[M]. : , 1997:
150

Aubertin G M. Nature and extent of macropores in forest
soils and their influence on subsurface water movement[J].
Upper Darby: [s.n.], 1971: 33
Mosley M P. Streamflow generation in a forested watershed,
new-zealand[J]. Water Resources Research, 1979, 15(4):
795-806

[J1. , 2015, 52(1): 242248
Bharati L, Lee K H, Isenhart T M, et al. Soil-water
infiltration under crops, pasture, and established riparian
buffer in midwestern USA[J]. Agroforestry Systems, 2002,
56(3): 249-257
Seobi T, Anderson S H, Udawatta R P, et al. Influence of
grass and agroforestry buffer strips on soil hydraulic

http://soils.issas.ac.cn



378 49

properties for an albaqualf[J]. Soil Science Society of [1]. R
America Journal, 2005, 69(3): 893-901 2013(23): 99-108
[29] , s . [36] , s , .
[J1. ,2001(2): 195-202 [J1. ,2009(3): 48-51
[30] , s , . [37] s , , .
[J]. , 2012(3): [J1. , 1999, 19(4): 514-518
581-587 [38] s , , . CT
[31] , s . [J1. , 2016,
[J1. , 48 (1): 180-185
2007(4): 62—68 [39] > > >
[32] , 5 : [J].
[J1. ,2012(4): 988-994 ,2009(3): 323-326
[33] s s s . [40] Bronick C J, Lal R. Soil structure and management: A
[J1. , 2009(4): 620-625 review[J]. Geoderma, 2005, 124(1/2): 3-22
[34] , , . [41] , s , .
[J1. , 2009(5): 1006—-1009 [J]. ,
[35] s , , . 2006(4): 671-674

Correlations Between Soil Physical-chemical Proprieties and Soil
Macropore Characteristics in Qinghai Lake Basin

LI Zongchaol’z, HU Xia'?", LIU Yongl’z, SUN Zhentingl’z, LV Yanli'?

(1 Key Laboratory of Environmental Change and Natural Disaster, Beijing Normal University, Beijing 100875, China;
2 Academy of Disaster Reduction and Emergency Management, Beijing Normal University, Beijing 100875, China)

Abstract: Soil macropores are preferential pathways for water, air and chemical substances movement in soils.
Undisturbed soil columns under different vegetation types were sampled in Shaliu River Basin of the Qinghai Lake and scanned
with X-ray computed tomography. And 3D soil macropore networks were visualized and macropore quantity, macroporosity and
equivalent diameter were interpreted with Fiji software through reconstruction. Then the correlations between soil physical-
chemical properties and macropore characteristics were studied. The results indicated that soil macropores were mainly
distributed in the 0—100 mm layer of soil, soil phosphorus was significantly correlated with number and mean equivalent diameter
of macropores, soil nitrogen and organic matter were significantly correlated with mean equivalent diameter of macropores,
soil bulk density was significantly correlated with macroporosity and mean equivalent diameter of macropores, and soil particles
of 0.002—-0.02 mm was correlated highly with soil macropore characteristics.

Key words: CT; Macropores; Physical-chemical properties; Correlation
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