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Abstract:  Objective Soil macropores in oasis croplands account for a low ratio of the total soil porosity, but significantly
influence the path and process of soil water infiltration. Therefore, it is necessary to explore or characterize soil macropores and
their effects on the water infiltration process in arid regions. Method In this study, we selected three types of oasis

croplands(piedmont oasis cropland, old oasis cropland, and marginal oasis cropland), using in-situ dye tracer experiment and a
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helical medical X-ray computed tomography (CT), the characteristics of soil macropores and water infiltration in the three oasis
croplands were quantitatively investigated.  Result The results showed that soil macropores in the oasis croplands were mainly
concentrated in the 0-20 cm soil layer. The three-dimensional macropore structure in the old oasis cropland was more complex
than those of piedmont oasis and marginal oasis croplands. Also, the soil macroporosity, fractal dimension, branch density,
junction density, and connectivity density in the old oasis cropland were significantly (P < 0.05) higher than those of piedmont
oasis and marginal oasis. Besides, there was a significant (P < 0.05) difference in the steady infiltration rates between the three
types of oasis croplands. The steady infiltration rates were of the order marginal oasis cropland (0.48 mm-min') > old oasis
cropland (0.28 mm'min") > piedmont oasis cropland (0.16 mm-min"). The dyed area of water infiltration in croplands decreased
with the depth of the soil layer. Also, the maximum infiltration depth and preferential flow length index in old oasis cropland were
significantly (P < 0.05) higher than that in piedmont oasis and marginal oasis croplands, and the degree of preferential flow was
also the highest. ~ Conclusion In oasis croplands of arid regions, the characteristics of soil macropores are the key factors
affecting preferential flow. The oasis soils with high macroporosity and connectivity are more likely to produce preferential flow,
resulting in soil water moving to the deep soil layer. It was observed that old oasis cropland had higher macroporosity and pore

connectivity than the other oasis croplands, and demonstrated the most obvious degree of preferential flow. This study provides an

in-situ measurement technique and database for the study of preferential flow in arid regions.

Key words: Arid region; Oasis cropland; Macropore; Infiltration; Soil moisture
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Fig. 1 Schematic diagram of the study area
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Table 1 Basic soil physical properties in different oasis croplands
HUBRLH B . )
) +)2 N R BB A K&
E H Particle size distribution /% + 4
Soil layer Bulk density  Total porosity Saturated water
Sample plot WL Sand ki Silt Zhki Clay Soil texture
/em / (grem™) /% content /%
0.05~2mm 0.002~0.05mm <0.002 mm

g Syl 0~10  26.16+5.18 61.21+4.46 12.63+2.30 Fghge+ 1.5440.02 41.89+0.89 42.72+2.38

Piedmont 10~20  24.72+2.56 62.58+2.52 12.70+0.29 Fghge+ 1.53+0.03 42.26+0.71 41.89+1.68

oasis 20~30  25.28+2.09 62.52+1.34 12.2+1.27 RS 1.55+0.03 41.51+0.65 40.35+2.27

ZEM 0~10 60.92+1.32 33.33+1.06 5.7540.65 W + 1.4420.04 45.67+1.03 44.91+2.51

Old oasis  10~20  61.60+1.93 32.85+1.01 5.55+0.92 B+ 1.46+0.01 44.91+0.26 43.87+1.08

20~30  62.37+2.80 32.52+1.91 5.11+1.14 b= 35T 1.50+0.03 43.40+0.77 43.56+2.46

BUEZ &l 0~10 82.84+1.46 14.01£1.20 3.15+0.34 w4 1.53+0.04 42.26+1.03 39.76+2.02

Marginal ~ 10~20  82.18+2.08 14.52+1.91 3.29+0.31 Wt 1.57+0.03 40.76+0.77 39.11£1.15

oasis 20~30  81.20+3.02 15.39+2.81 3.41+0.27 Wt 1.56+0.03 41.13+0.76 38.05+2.18

. BE N FE9{E £ #5UEZ2% . Note: Data are mean + standard deviation.

2.2 EMRHETEXFLIREFE
HE 2 AT, =Rhakiiae ) 3 RFLB R £
Eh TR B PFHER (0~20 cm ), Z4 14K H L

BRA T, THERSLEREE S, TIRALBIAY ES:
PEBLLF s B ax A T L3 A R FL B RS W s T i 2
sryNA AL RTERPAH . HAE 20 em BJZLUT,
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Fig. 2 Three-dimensional visualization of soil macropore networks in different oasis croplands

54 — B FR Y RALBR S i o ISR ER N A B R AL R
AXFE D, HHGE@EPER, 78 10~20 cm 12,
A /DR ESE LI A3, AT RERE HE I R AR
FILA o AR ZE R A P AR T - S8 R AL 254 22
T 0 S B PR R

223 Image-J FRAFAL BT A5 B[R] 28 P14 H £
BERALBRESE (£ 2), HHERILBERIN .
A H (0.54% ) >ILATERIAR H (0.22% ) >ill
G N A I (0.14% ). ZLR A A9 RFLEREE . KoL
WA, SHTRAEE . SO R R
JERIL TSR AR B | G SN AR B 22 (R A7 7 S 3 1 2
5 (P<0.05). THERSLBIHELAEERS 1555 )
FHOG, L AR FH Y 53 T A BRI (B 825 1 T LAt

FligeH (P<0.05). ILATERUN . ZERM . DGERME
TR EAE 50 3.27 mm, 3.14 mm
3.58 mm, AN[FZRYHA A3 R AL AR .
LB AR ZEFA B (P>0.05 ), BARKI ST % 8
07 A R T R R AL B
2%, MELRMAR TR 53 SO B | 40 8 B D) G
AR EOR I, PRI L Bt 3 1 e

WNE 3 Bz, =Rk Y AL B AR 2% i 4
I i - SR B AN T BN, AN )R
IR B o 30 G 23 DN 1 R AL st 1 R %5 3 A
10~15 cm +ZIREEAN 2P ShPEIE(E, PTREEH T
R R AP AR R R4 5 R Y o L AT RPN AR A
NG 20 em )2 LR AYACFLER i A B 45

http://pedologica.issas.ac.cn



2 TEOUAE . TR XAk A 3R FLBR 5K 40 A B FHIE 491
T2 TEXIBRIFESE
Table 2 Macropore characteristics of all soil columns in different oasis croplands
N 1L - . R, N .
KALBRAL KALBREE MR SRR FHFLREAR S
(RN R
Mean pore Branch Junction Mean pore
Number of Large porosity Fractal Connectivity
volume density density diameter
large pores /% dimension density
/mm’ / Cemrem™) / (4em™) /mm

T4 -1 388 0.14 14.73 1.74 0.33 0.18 3.97 0.01
T4 T2 1411 0.31 8.56 2.06 1.2 0.69 3.00 0.01
I -3 1611 0.21 5.01 2.03 1.19 0.6 2.83 0.01

e 1153 b 0.22b 943 a 1.94b 0.91b 0.49b 327a 0.01b
B 2224 0.61 10.79 2.32 1.98 0.81 3.22 0.14
L2 1766 0.53 11.83 2.19 1.48 0.81 3.29 0.07
L3 2836 0.49 6.86 23 2.58 1.4 291 0.11

2 2275a 0.54a 9.83a 227a 2.01a 1.0l a 3.14a 0.11a
N1 365 0.14 15.31 1.82 0.39 0.19 3.69 0.01
NG 2 310 0.09 11.92 1.73 0.23 0.14 3.49 0.01
NG -3 578 0.18 12.6 1.83 0.55 0.26 3.57 0.01

bk <3l 417b 0.14b 13.27a 1.79b 0.39b 0.20b 3.58a 0.0l b

(DPiedmont oasis, @O0Id oasis, @Marginal oasis {¥: $I NI + b ; REFEFRRZEFTIE 0.05 I FH/KF, Note: Data

are mean + standard deviation; Different letters showed a significant difference of 0.05.

KFLBRHE A% Macropore area density/%
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Fig. 3 Distribution of macropore area density along the soil core column depth in different oasis croplands
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Table 3 Correlation analysis between infiltration characteristics and soil structure properties
KALBRE SR SRR S0RE T M KALBREL WKL BYRL AL
Large Fractal Junction Branch Connectivity ~ Number of large
Sand Silt Clay
porosity dimension density density density pores
R ABIRE" 0.963™ 0.884™ 0.897" 0.542 0.900™ 0.869"  —0.037 0.054 0.047
e N 0.831" 0.732" 0.872" 0.442 0.910" 0.818"  -0.056 0.068 0.01
R AB R -0.248 -0.328 -0.097 0.479 ~0.040 -0.347 0.8817-0.889" —0.83"

(DMaximum infiltration depth, @The length index, @Steady infiltration rate " P <0.01

XK (P<0.01), I ARABWRE ., K ERHS
T BERALBREE | I AER . R R
ERFIEME (P<0.01), HHERILBE MR, HiE
WG, IR s S AR S I ] B

3 0 #®

TR X S A H 2 BB TR A B . TR
ZMBYITE h R R 2, R4 H Y AL
WA MEAETE 2 SRR Wi AR P A 38 R LB K
ZHEPTF 0~20 cm HHEZ , X 5 Zhang FP N L1
XK RGBT 4s e —2, 1620 em LR AAURZ,
ZHMER /N, TR, A RILBRER,
e IR FLBREE M RIS sl . LU AT S%
MR, HABERALIEE | IR desl . s
BE ST RGNS . ARFE S FHEXT +
HERFLBREE I & B A — BRI, 8K AT A
CT H RIS XA [F] & B AT B A 3 FLBR 45 44 1
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FLBR AR A S B W N ke g RN A
FIF R, FEREWE . R B it AR 45 DR 2R
S R HA RS i T g SR,
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