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Table 1  Soil physical and hydraulic properties
(g/kg)
(cm) >50 um 2~50 um <2 pm (g/em’) (%) (X10*cm/s)
0~10 294 492 214 1.38 38.8 3.4
10 ~20 282 494 224 1.40 40.2 1.2
20 ~ 50 313 462 225 1.44 40.6 1.1
50 ~ 100 321 448 231 1.45 44.4 1.1
1.2 2~5cm
( 1 2) (50 g/L) (20 gl)
[16—17]( 1 )
( )
( )[]6717]
1.0mx1.0m( ) 20mx20m( ) 5 min b7
[18]
HME
I
—] 5 ( )« )
r
1~
= kv
0.5 cm [16-171
1 mm?/
1 RERREIHE 1.3
Fig. 1 Diagram of experimental set-up for tracer infiltration ( 3 4)
experiment
20 mm 20 g/L
3 20 mm
(20 g/L) (10 g/L)
2
12h 20 mm (20 g/L)
F2 FWEIEANMTRIRFARSE 25 A LIRAYH 8] (min) (10 g/L)
Table 2 Time periods for applied mixture solutions to completely
infiltrate into soil in each step for the plots
20 mm (20 g/L) (10 g/L)
KI
KI KBr KI KNO; KI KBr
2
1 4 - _ _
2 52 - - _
3 - 33 88 104
4 - 45 260 - (NO; Bl‘i)
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Fig. 2 Distributions of stained coverage for the plots
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Fig. 3 Distributions of soil water content before and after infiltration for the solo-tracer (a) and multiple-tracer (b) infiltration experiments
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Fig. 4 Distributions of solute concentrations after infiltration for the solo-tracer (a) and multiple-tracer (b) infiltration experiments
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Fig. 5 Conceptual model illustrating developmental characteristics of macropores and flow mechanisms in Plot 1 (a) and Plot 3 (b)

(20 cm)
(33 min) 1 ( 2 20 cm
(4 min) 4 3 NO; 4
(45 min) NO; 3
3 20 cm
3
3 NO; (20 cm )
( 2 3 NO;
( 3b) NO;s (  4b) 3 4 NO3
0~20cm 2.4
5b 3 24.1
3 0~20cm
( 3a) 2
(60 mm) 1
(4 min) 2 1
(46 cm)
3 0~20cm 2
( 5b) (35 cm) 1
3 @3
225 min) 0~20cm
(>0.80) 0~10cm
4 (7
3 (0~ 10 cm) 1
2 (
( 0~10 cm ) 0.34 cm’/cm®  0.36 cm’/cm’ 3a)
( 4) (20 cm ) 1
10 ~20 cm 3 2 ( 0.32 cm’/cm’
4 0~20cm 0.29 cm’/cm’)
( )
(
[7]( 5b)

( 4a) 1



1012

47

2.4.2 3
3 4 0~0.5Zuax 0.5~ 1.0 Zpax

4b 3
3 (17.3%) NO5(50.5%)
NO; 3
4 4b 3 3

(NO3)
(Br)
3

(0 ~20 cm)

(Br)

(20 cm )

(20 cm )

(20 cm )
NO;

(Br)

(Br)

*3 ZBETFTIHEREARNLEREECERNHAESKENTENRESNEZSENE D (%)

Table 3 Percentage of applied water and solutes stored in different soil layers of multiple-tracer infiltration experiments

NO3 Br

0~ 0.50 Zyax 0.50 ~ 1.0 Zax 0~0.50 Zyax

0.50 ~ 1.0 Zyax 0~0.50 Znax 0.50 ~ 1.0 Zax

3 82.7 17.3 49.5
4 94.3 5.7 93.4
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6.6 94.8 5.2
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Study on Developmental Characteristics of Macropores and Their
Effects on Soil Water Flow and Solute Transport with
Tracer Infiltration Experiments

SHENG Feng'?, ZHANG Li-yong"*>, WANG Kang®

(1 Changsha University of Science and Technology, Changsha 410114, China; 2 Hunan Provincial Key Laboratory of Water &
Sediment Science and Water Hazard Prevention, Changsha 410114, China; 3 State Key Laboratory of Water Resources and
Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: Two solo-tracer infiltration experiments and two multiple-tracer infiltration experiments were conducted in
natural undisturbed soil in order to investigate the existence and penetrating depths of macropores and the effects of macropores
on the infiltration of applied tracer solutions. The results revealed that full-penetrated macropores (i.e. macropores penetrated the
whole infiltrated soil layer) were occurred in Plot 1 (solo-tracer infiltration experiment) and partial-penetrated macropores (i.e.
macropores penetrated only part of the infiltrated soil layer) occurred in Plot 2 (multiple-tracer infiltration experiment), while no
macopores occurred in Plot 2 (solo-tracer infiltration experiment) and 4 (multiple-tracer infiltration experiment). The tracer
solution transported much more rapidly in the full-penetrated macropores to the deeper soil layer in Plot 1, and the transportability
of full-penetrated macropores on applied tracer solutions did not change much with the applying sequence of tracer solutions. On
the contrary, the partial-penetrated macropores in Plot 3 were much more powerful in transporting the tracer solution applied in
the second step while were less powerful in transporting the tracer solutions applied in the first and third steps.

Key words: Preferential flow; Soil macropores; Macropore flow; Fingering flow; Solo-tracer infiltration experiment;

Multiple-tracer infiltration experiment



