2021 49 1

106 EARTH AND ENVIRONMENT Vol.49.No.1 2021
12 12 %
(L. 550081; 2. 100049)
: CO, °
1 500 Gt o N N
: S151.9 A 1 1672-9250( 2021) 01-0106-09  doi: 10. 14050/j.cnki. 1672-9250.2020.48.096
10
1
2 o 1 m ~
1500 Gt o \
10 %
CO, 1 mg/L*7° .
11
6-8 12-14
15-18 19-20
9 .
( CT) . e
1 2020-02-11; 12020-05-27
: (41273149.41773147.U1612441) ; ( SY 2011 3109 );
( J 2010 2032 ).
(,1995-) » E-mail; xiaopeiwen@ mail.gyig.ac.cn.

* : (1970-) o E-mail: xiaobaohua@ vip.skleg.cn.



1 107
#30, Wang ¥ 10 em.
131 c¢m PVC
o Asuman #
1 25 ecm.v 60 cm
21
o Artiola 3
o ( 2.1cm.  12.4 cm)
1688
De la Hire 2, 1796 o
Dalton 13
De la Hire » Kohnke ' 1832400
Nkedikizza ¥ CaCl,
( Do 2.5cm+ 30 cm
2,20 ; Han  *
( 7.5 cm. 85 cm)
w2 20 40 CaS0, o
27-29
30-33
o o Wang s
(0~
20 cm) (20~
1 1688~1937 o
Table 1 Chronology of lysimeter development in 1688—1937 2

1 De la Hire 1688

13 Dalton 1796

i Way 1850

46 Lawes & Gilbert 1870

47 Sturtevant 1875

a8 Wollny 1880

49 Sanborn 1888

Ebermayer 0 Welbel 1903

51 Leather 1903

52 Seelhorst 1906

3 Weaver & Crist 1923

Ebermayer 54 Joffe 1929

& Musgrave & Neal 1936

36 Garstka 1937




108 2021
40 cm) o
o Uselman o
44 14
66-67 68 PVC 69-71
72-73
74-75
76
leme L.dem Y
dme S5m® . 77-78
2.2
PVC. N
15 68 70-71 79
2.1
60-63

64



109

2.3

40

2.4

82

80

79

33

83

84

( NCT)

85 86
N
) )
Y o
o
o
18 87-89
o
X 90
91 92
o Mawodza
CA: 93
D1
( FTIR)
( UV-Vis) o
o

0
94

0

o
o
0 N



110 2021
95
98
o Hydrus—1D
99 100
o LEACHM
o Elovich
101
96
97
1 I 1999('5) © 29-35.
2 J. 2008 24(3): 357-362.
3 Batjes N H. Total carbon and nitrogen in the soils of the world J . European Journal of Soil Science 2014 65(1): 2-3.
4 ] . 2001 20(2): 16-19.
5 Lal R. World soils and the greenhouse effect J . Global Change Newsletter 1999 37( 1) :4-5.
6  Watson RT Noble IR Bolin B et al. Land use land-use change and forestry: A special report of the intergovernmental panel on climate
change M . Cambridge University Press Cambridge 2000: 105-123.
7 Six] Conant RT Paul E A et al. Stabilization mechanisms of soil organic matter: Implications for C—saturation of soils J . Plant and Soil
2002 241(2): 155-176.

8 Do : 2006,
9 J. 2018 25(5): 505-514.



111

10

11
12

13

14

16

20

21

22

23

24
25

26
27
28
29

30

31
32

33

34
35

36
37

38

39

40

CT ] 2011 12(1): 343
-347.
De la Hire P. Sur l'origine des rivieres M . L’Academie Royale des Sciences Paris 1703: 18-26.
Butler A P Chen J Aguero A et al. Performance assessment studies of models for water flow and radionuclide transport in vegetated soils using
lysimeter data J . Journal of Environmental Radioactivity 1998 42(2): 271-288.
Dalton J. Experiments and observations to determine whether the quantity of rain and dew is equal to the quantity of water carried off by the rivers
and raised by evaporation J . Manchester Literary and Philosophical Society 1802 5( 1) : 360-372.
Klein M Martin M Dust M et al. Validation of the pesticide leaching model PELMO using lysimeter studies performed for registration J .
Chemosphere 1997 35( 11) : 2563-2587.
De Jonge H De Jonge L W Blicher B W et al. Transport of Di( 2-ethylhexyl) phthalate ( DEHP) applied with sewage sludge to undisturbed
and repacked soil columns J . Journal of Environment Quality 2002 31(6): 1963-1971.
Dontsova KM Yost S L Simunek J et al. Dissolution and transport of TNT RDX and composition B in saturated soil columns J . Journal of
Environment Quality 2006 35( 6) : 20-43.
I 2015 32(1): 140-149.
] 2010 38(8): 4118-4120.
Liu CM Zhang X Y Zhang Y Q. Determination of daily evaporation and evapotranspiration of winter wheat and maize by large-scale weighing ly—
simeter and micro-lysimeter J . Agricultural and Forest Meteorology 2002 111(1): 109-120.
Sahoo D C Madhu M Khola O P S. Estimation of evapotranspiration and crop co-efficient of carrot ( Daucus carota) for water management using
weighing lysimeter J . Indian Journal of Agricultural Sciences 2011 79( 12): 968-971.
Kohnke H Dreibelbis F R Davidson J M. A survey and discussion of lysimeters and a bibliography on their construction and performance M .
Miscellaneous Publication United States Department of Agriculture 1940: 5-19.
De la Hire P. Remarques sur 1”eau de la pluie sur l’origin des fontaines; avec quelques particularites sur la construction des citernes J .
Memoires De Mathematique Et De Physique 1720 26 (2): 56-59.
Lawes ] B Gilbert ] H Warington R. On the amount and composition of the rain and drainage water collected at Rothamsted. Clowes London
J . Journal of the Royal Agricultural Society Second Series 1882 19(4): 50-71.
Schreiner O Failyer G H. The absorption of phosphates by soils J . The Journal of Physical Chemistry 1905 10(4): 239-263.
Burgess P S. The soil solution extracted by lipman’s direct-pressure method compared with 1:5 water extracts J . Soil Science 1922 14( 3):
191-216.
Parker W F. Method of studying the concentration and composition of the soil solution J . Soil Science 1921 12(3): 209 — 232.
Kirkham D Feng C L. Some tests of the diffusion theory and laws of capillary flow in soils J . Soil Science 1949 67(1): 29-40.
Fireman M. Permeability measurements on disturbed soil samples J . Soil Science 1944 58(5): 337-354.
Chrestiansen J E. Effect of entrapped air upon the permeability of soils J . Soil Science 1944 58(5): 355-366.
Liang X Lettenmaier D P Wood E F et al. A simple hydrologically based model of land surface water and energy fluxes for general circulation
models J . Journal of Geophysical Research 1994 99( 7) : 14415-14428.
J. 2003 14(8): 1234-1238.
L. Cd.Cu.Zn I 2012 49(4):
688-697.
Haberhauer G Temmel B Gerzabek M H. Influence of dissolved humic substances on the leaching of MCPA in a soil column experiment J .
Chemosphere 2002 46( 4) : 495-499.
J. 2009 28(5): 1-6.
- J. ( ) 2011 47(3):
308-317.
] 2010 47(5): 913-922.
Wang F L Alva A K. Transport of soluble organic and inorganic carbon in sandy soils under nitrogen fertilization J . Canadian Journal of Soil
Science 1999 79(2) : 303-310.
Asuman B'Y Angel F C Mermut A et al. Organic carbon fluxes using column leaching experiments in soil treated with pig slurry in SE Spain
J . Arid Land Research and Management 2019( 1) : 13-16.
Artiola J F Walworth J L. Irrigation water quality effects on soil carbon fractionation and organic carbon dissolution and leaching in a semiarid cal-
careous 501 J - Soil Science 2009  174( 7) : 365-371.
] (A ) 2003(6): 725-731.



112

2021

41

42

43

44

45

46

47

48

49

50

51

52

53

54
55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70
71

Nkedikizza P Brusseau M L. Rao P S C et al. Nonequilibrium sorption during displacement of hydrophobic organic chemicals and calcium—45
through soil columns with aqueous and mixed solvents J . Environmental Science & Technology 1989 23(7): 814-820.
Han Y S Tokunaga T K. Calculating carbon mass balance from unsaturated soil columns treated with CaSO,-minerals: Test of soil carbon seques—
tration J . Chemosphere 2014 117(1): 87-93.
Wang Y D Yang C L Xu G F et al. Leaching characteristics of soil organic carbon in tea plantations at different planting ages J . Journal of
Anhui Agricultural University 2016 43(2): 176-181.
Uselman SM  Qualls R G Lilienfein J. Contribution of root vs. leaf litter to dissolved organic carbon leaching through soil J . Soil Science Socie—
ty of America Journal 2007 71(5): 1555-1563.
Way J T. On the power of soils to absorb manure J . Journal of the Royal Agricultural Society of England 1850 11( 1) :313-379.
Lawes J B Gilbert J H. Our climate and our wheat crops J . Journal of the Royal Agricultural Society Second Series 1880 16(2): 195-210.
Sturtevant E L. Waushakum farm contributions lysimeters or differential rain gauges a new Lysimeter another lysimeter J . Farmer Science
1878 3(1): 17-18.
Wollny E. Hydrometeore beobachtungen iiBer die einsickerung und verdampfung des bodenwassers sollen in das system der agrarmeteorologie ein—
bezogen werden; dabel sind jedoch lysimeter keineswegs in Anwendung Zu Bringen J . AgriculturePhysics 1881 4( 1) : 292-301.
Sanborn ] W. A new lysimeter J . Journal of the Royal Agricultural Society 1889 10( 1) : 54-59.
Welbel B. Ezoocheneia sostova lezometricheskikh vod e memeralezatsia pochvenavo azota J . Zhur Opytn Agron 1903( 4) : 285-307.
Leather J] W. Drainage J . Agriculture Resist 1907(9): 40-41.
Seelhorst C V. Mittei lungenvom landwirtschaft lichen versuchs feldesder universitit gottingen J . Journal of the Landwirtschaft 1906 54( 1) :
316-342.
Waver J E  Crist ] W. Direct measurement of water loss from vegetation without disturbing the normal structure of the soil J . Ecology 1923 5
(1): 153-170.
Joffe J S. A new type of lysimeter at the New Jersey agricultural experiment station J . Science 1929 70( 1806) : 147-148.
Musgrave G W Neal O R. Rainfall and relative losses in various forms J . Eos Transactions American Geophysical Union 1937 18(2): 349
-355.
Garstka W U. Design of the automatic recording in-place lysimeters near Coshocton Ohio J . Soil Science Society of America Journal 1938 2
(C): 555-559.
Voegelin A Barmettler K Kretzschmar R. Heavy metal release from contaminated soils: Comparison of column leaching and batch extraction re—
sults J . Journal of Environmental Quality 2003 32(3): 865-875.
Mali N Urbanc J Leis A. Tracing of water movement through the unsaturated zone of a coarse gravel aquifer by means of dye and deuterated wa—
ter J . Environmental Geology 2007 51(8): 1401-1412.
Bromly M Hinz C  Aylmore L. A G. Relation of dispersivity to properties of homogeneous saturated repacked soil columns J . European Journal
of Soil Science 2007 58(1): 293-301.
Hrapovic L Sleep B E Major D J et al. Laboratory study of treatment of trichloroethene by chemical oxidation followed by bioremediation J .
Environmental Science & Technology 2005 39( 8): 2888-2897.
Yongkoo S Lee LS. Coupled effects of treated effluent irrigation and wetting — drying cycles on transport of triazines through unsaturated soil col—
umns J . Journal of Environment Quality 2001 30(5): 1644-1652.

Cr J. 2013 32(10) : 1999-2004.

I ( ) 2009 26(3): 240-245.
Sentenac P Lynch R J Bolton M D. Measurement of a side-wall boundary effect in soil columns using fibre-optics sensing J . International Jour—
nal of Physical Modelling in Geotechnics 2001 1(4): 35-41.
Corwin D L. Evaluation of a simple lysimeter-design modification to minimize sidewall flow J . Journal of Contaminant Hydrology 2000 42( 1) :
35-49.
Moyer ] W Saporito L S Janke R R. Design construction and installation of an intact soil core lysimeter J . Agronomy journal 1996 88
(2) :253-256.
] 2016 36(4): 48-52.
] 2018 55(4): 879-888.
Bégin L Fortin J Caron J. Evaluation of the fluoride retardation factor in unsaturated and undisturbed soil columns J . Soil Science Society of A—
merica Journal 2003 67(6): 1635-1646.
Joe 2012 43(4):,883-889.
I 2008 40(4): 591-595.



113

72
73
74
75
76

71

78
79

80

81

82

83

84

85

86

87

88
89

90

91
92

93

94
95

96
97
98
99
100

101

J. 2013 35(2): 87-88.
J. 2009 29( 10) : 2070-2075.
Takamatsu T Koshikawa M Watanabe M et al. Design of a meso - scale indoor lysimeter for undisturbed soil to investigate the behaviour of sol—
utes in soil J . European Journal of Soil Science 2007 58( 1) :329-334.
Econo K. J. 1994 36(3): 33-34.
White R. Transport of chloride and non—diffusible solutes through soil J . Irrigation Science 1985 6( 1) : 3-10.
Isensee A Helling C Gish T et al. Groundwater residues of atrazine alachlor and cyanazine under no-tillage practices J . Chemosphere
1988 17(1): 165-174.
I 2000 9(1): 60-63.
Aronsson P G Bergstrém L F. Nitrate leaching from lysimeter-grown short-rotation willow coppice in relation to N-application irrigation and soil
type J . Biomass and Bioenergy 2001 21(3): 155-164.
Weihermiiller L Siemens ] Deurer M et al. In situ soil water extraction: A review J . Journal of Environment Quality 2007 36(6): 1735
-1748.
/ D . : 2008.
J. 2016 33(4): 473-480.
Baskaran S Bolan NS Rahman A et al. Effect of exogenous carbon on the sorption and movement of atrazine and 2 4-D by soils J . Australian
Journal of Soil Research 1996 34(4): 609-622.
Zhao M Chen X Shi Y et al. Phosphorus vertical migration in aquic brown soil and light chernozem under different phosphorous application
rate: A soil column leaching experiment J . Bulletin of Environmental Contamination & Toxicology 2009 82( 1) :85-89.
Nay M Snozzi M Zehnder A J B. Behavior of chemical contaminants under controlled Redox conditions in an artificial sequential soil column sys—
tem and in batch cultures J . Biodegradation 1999 10( 6) : 405-414.
Ouangrawa M Molson J Aubertin M et al. Reactive transport modelling of mine tailings columns with capillarity-induced high water saturation
for preventing sulfide oxidation J . Applied Geochemistry 2009 24(7): 1312-1323.
Twardowski M S Boss E = Sullivan ] M et al. Modeling the spectral shape of absorption by chromophoric dissolved organic matter J . Marine
Chemistry 2004 89(4): 69-88.
I 2013( 19) : 24-26.

Zand A D Grathwohl P Nabibidhendi G et al. Determination of leaching behaviour of polycyclic aromatic hydrocarbons from contaminated soil
by column leaching test J . Waste Management & Research 2010 28( 10) : 913-920.

X Cr Cu Zn Pb As J . 2010 30
(10) : 2848-2852.

] 1988( 5) : 237-239.
Mawodza T Burca G Casson S et al. Wheat root system architecture and soil moisture distribution in an aggregated soil using neutron computed
tomography J . Geoderma 2020 359(1): 7-10.
Di XY Xiao BH Dong H et al. Implication of different humic acid fractions in soils under karst rocky desertification J . Catena 2019 174
(1): 308-315.
N J. 2002 22(3): 220-228.
Trunbore S E  Chadwick O A Amundson R. Rapid exchanges between soil carbon and atmospheric carbon dioxide driven by temperature J .
Science 1996 272(19) : 393-396.
Smajstrla A G. A field lysimeter system for crop water use and water stress studies in humid regions J . Proceedings 1985 44(1): 53-59.
Charbeneau R Sherif S. Groundwater hydraulics and pollutant transport J . Applied Mechanics Reviews 2002 55(2) : 38-39.
] 2012 43(1): 15-19.
Cd D . : 2018.
LEACHM I 2008 27(4):
1346-1352.
Elovich I 2000( 5) : 17-18



114 2021

Research Progress of Soil Column Leaching Experiment and Its
Application Prospect in Soil Organic Carbon Migration

XIAO Peiwen' > XIAO Baohua'?

(1. State Key Laboratory of Environmental Geochemistry Institute of Geochemistry Chinese Academy of Sciences

Guiyang 550081 China; 2. Graduate University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: Soil carbon pool is an important source and sink in the carbon cycle of terrestrial ecosystem and its small change will cause
huge feedback to atmospheric CO, content. About 1 500 Gt of organic carbon is stored in soil all over the world. The migration and
transformation of soil organic carbon has been a hot topic for scholars. Soil column leaching experiment is widely used in agriculture
forestry ~environmental science and other research fields and has made a lot of achievements in solute transport simulation soil hydro—
logical properties heavy metals and pollutant migration and transformation. The design details of the soil column leaching experiment
are directly related to the authenticity of the experimental results. This paper summarized the present situation of soil column leaching
experiment at home and abroad discussed some common problems in the soil column leaching experiment design. Finally the prospect
of the application of soil column leaching experiment in the study of soil organic matter migration and transformation is put forward
based on the review of previous researches.

Key words: soil organic carbon; soil column; soil column experiment; experimental design; review



