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B E fARELERoAo AR L EH TN L RPENLLZ ARRKELERER
HERAEZHAE, HECEZNERRESRE RE KA FZEUALEREEHT KR
TR EAEEEX EGNREAA R EARITEMLERERR, &2 %W .05
BB EEREELEREE 13~16Tcm 27 8% MHhERKANSEELET
RERERRANGEEFEZWEHANMEREN B, FHEBRE 120 mm THERH
RANBEE N (43.1£5.9) cm; % 2|4 BUR %8, B E 55 mm B F 7 B TR & A NB R
JEi£(68.327.6) cm. AR (D<2mm) GMAEREEH X MR ERERMEAUELLE, LW
HMORAFWARNRERN LA EEZRA GNEK BT ERERBMEZEERE 27
HE MBOANFRAEREZN B, TS ANZE AL ERRKANBRENTH EHE.
XKW LeRP,; 2EBAEHE; RREREE,; HRFT

XEHS 1001-9332(2015)05-1454-07 HESDHES S152.7 XEERIEEGE A

Characteristics of the preferential flow and its response to irrigation amount in oasis crop-
land. YAN Jia-liang'*, ZHAO Wen-zhi', ZHANG Yong-yong' ('Linze Inland River Basin Research
Station, Chinese Ecosystem Research Network/ Key Laboratory of Inland River Ecohydrology, Cold
and Arid Regions, Environmental and Engineering Research Institute, Chinese Academy of Sciences ,
Lanzhou 730000, China; *University of Chinese Academy of Sciences, Beijing 100049, China).
-Chin. J. Appl. Ecol., 2015, 26(5) ; 1454-1460.

Abstract; Preferential flow is a physical process describing how water and solutes move along cer-
tain pathways through soil profile. Studying the cropland preferential flow patterns and its influential
factors could quantify the deep percolation, improve water and fertilizer use efficiency and reduce
the risk of agrochemicals contaminating shallow groundwater in oasis cropland. The dye tracer exper-
iments were carried out in field oasis cropland, using a brilliant blue FCF solution. The results
showed that between ridge and furrow, the number of stained paths densities differed significantly at
the 7.3-16.7 em depth of the soil profiles, while the maximum dye depth had no significant differ-
ence. The main influence factors of the maximum stained depth were the irrigation amount and the
ant burrows. The maximum stained depth was (43.1+5.9) cm with the mean irrigation amount of
120 mm, however, the maximum stained depth was (68.3+7.6) cm with the irrigation amount of 55
mm under the influence of the ant burrows. Root played an important role in preferential flow, but
only the fine roots (@ <2 mm) were significantly related to the preferential flow in oasis cropland,
while the coarse roots were not. In oasis cropland, the characteristics of the preferential flow were
influenced by the irrigation amount, the furrow and ridge planting, the ant burrows and the roots,
and the ant burrows were an uncertain factor which affected the maximum infiltration depth of the
preferential flow.

Key words: dye tracer experiment; stained path number; crack area density; soil surface charac-

teristics.
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DESE Ui A2 TSR I3 K I PR 2 i - 33851 T 1)
TIERFEABH—F S S, T2 KL
BRI AE A E UL 48 TEREIR T S 257 Beven
%mﬂ: 1982 i|5?'£<<V(/ater Resources Research}ﬁ%%
TRTIRIET B LR R LR, AR 2 [ N A2 i 5
TARFFEASCE T BTER. He A, Kung!™ F 1990 4F7E 35
| U2 e AP AT ST i i 1 UM IR IR R R AT T
WS s 5o W AR 22 55 UE IS AT B il AP e
FESL ST A g )z T R 2R e T
TRACTAISE AT 21 HH429], Cheng 55 W5E & 3+
bR I AR A XTI S T 6 A28 53 A AR i AR 25 e A K
MR ZR X S U B A2 1 T A i Tk A AR
BT RALBRARAE 5 0 Se i & AR B E R R B, B AR
>0.3 mm, LHEZFFE>1.5 mm 19K FL B JE AR AL
S A ) TR s RS AR T T A
ARHBAAAIL 6 WAt 1) ~F- 1) G 42 T REUR - 1 % 40 A2 4
i, RICSET Y S A R T 3% SRR A7 TR 22 5
KT BIWTFETT 1 S EAR LB SR AL Y &
JRALERA S UEAT T R TR Aok i a7
B2 BT, Beven 2850 F 2013 4E7E( Water Re-
sources Research) ¥ & 3% T XTI eii o 2=  BUAE R
ARMLEIR.

TEAR HFEWE b, A0 SE U 32 BB O 20 b 3 e
fiE B R IE S Y A6 IR SR EER RN
. Shipitalo %" WF5E & 3, 7EF K AU (RS + 4%
FH, b 387K DR T T 228 1 228 B2 -5 IS T2 1) i s 5]
DM 2 E S B EZ A B B 1 m B4 19 HE
KA. Greve 251 il 1d + HR IR AF 5T K BE, B b
PR BTSSR T LAAE 10 S8 U i 38 . %) T 2B
KU, AAE S Bk B T ELZE R v R T
DIVE R e Az 7 - e s W AL LR S
M2 ZLBEAH ELAE IR S AT R MR, 3 Al Lo i i
P8 ks b AL B R, AT R M A S U Y
AENTY BRE FR S B AR AT LA N 3R 2 - e i kb
T2 LR Hth T ARG SR T2 et
B 46 335 K XSG G R AR R e RS TR B IR
A EER

WA H I Se At AR B L S ) PR 3 0 Ak 2 i
HEWER 2B I i B AR R80R DL R AR 2
TR KK TS G i XU B A R S, A ) 2 T
KL HBAR LM 2 K 5 bR 7K 52 455 R0
[X 12200 Myn] i ek i A B R AR VE O 3, R K
BRI, 29 4 m, I HARH 3K 531z 5 b H A
Bl B — B % DX OC T 1) 8 SR 27 ) L A S it

UGN T A i A SR E RIS AR 1 TG T
T DA T A AR S B AT SE 1 LA AR5 Y
FIFRJE : 1) BFSE e A IR0 Je i G e A X 3 A
TR ORI AR 2) J M2 m 2P A T AL G it
14 32 P Z BB

1 HARRBEHARGE

1.1 B IXHEAL

ARG XA Tk LR M i 27 N 4L e BT B
50 4E LAY K (39°19739” N, 100°08'25" E) 1%
b DX g T SRR A TR SR, AR R K R 117
mm , AEBSRN 7.6 °C A3 H B AL 3051 b, 4EE
ToFEH] 165 d, AFIZE KL & 2341 mm, MR KA K
3~5 m. A T R AE L 4 - BERE A R AR
Ze KR it AT AN BEAE T B DR R L.
F 1 iR B0 b 4 3 LA HE AL R AP B oK R % b
XA A P2 B SRR P, 7R AR AR AR 9 IR,
BERT 2 9 B 2 R 120 mm, hy 78 JIE 28 ) Bkl
1.2 Poiemi rnEiism

T R VE T R IR S K S )R SR
T 2013 4F 8 H — R BIATHEBE AT , 7E 150 25 Bl LA 152
T 124 1.5 mx1.5 m WFETT , B RE 7 #0458
)28 (A7 MR 55 ) M ( JC MBS AE 55 ) A 7 i3
B 150 emX 150 emx50 em H FHARHE | HE T A + 35
2915 em, 75 SLERHE N AP BE | 5 I 78 R HE SN LT
T HES B 1R GBI T (B 1a) AT S5 b 3R 25 44
MIRTEE T, R 7 ) FOR B BR IF LBk - R )2
F 28 ARG BCH] 2 ¢ - LAY (brilliant blue
FCF) , 31111 17 24129 min4F % LA55 85,120

F1 Al T IEEAREBHER
Table 1 Basic soil properties at the experiment site ( mean+
SD, n=6)

AR R Depth (cm)
Soil property 0~20 20~100
SRR LA I iz 27.9+7.2 23.946.1
Particle size distribution Sand (%)
Bk 69.7+6.9 73.5£5.6
Silt (%)
ik 2.410.4 2.50.5
Clay (%)
Faxiiy 1.47£0.05 1.48+0.08
Bulk density (g« em™)
(RIS 159 40£20
Ks (mm -+ h™")
A LA 12.72+0.76 7.75+1.77

Soil organic carbon (g « kg™!)

Ks: Saturated hydraulic conductivity.



1456 o H

& 26 &

% J Depth (cm)

% & Width (cm)

B 1 IR T T (a) IR R IBURE (b) /R
Fig.1  Schematic diagram for the experiment plot’ s cross

section (a) and the sampled root sites (b).
[, AREUE R Sampled sites of roots.

1145 mm BYHERE AL FEAE Ty, BEAPAL I 3 AL
Yetty, 24 h e N 28 16 VeI T 42 I 49 ) T AR
J5LA 15 em [AIFETE 6 A~ 1 mx 1 m 3 . 4450 i
PR JECE 1 mx 1 m BRUERE , FBCRS AR B
B 3780 153 <3780 A 11 . & A1 S HH Pho-
toshop CS4 FHATAZIE , SR S5 FI ] Imagel 1.48f fKIK
T8 S22 (0 B R —(HAL A B I e i
FURRE I 2, 35 /5 F MATLAB R2010b %t i 1L /5]
F AT AT 0 GE T e € B AR KR H AN G (8 A
JE b LA 3 57 A G 51 T A 22 S ) ]
Photoshop CS4 1 44 £, %1 T 43 %1 B 4301l 4 5 28 il
MK I R, SRS AT A G I R 2 e i SR
L3 RN

TEFZ S £ 30 1 Y[Rl i), AE R & 120 mm Ak
PRAREASRE DT BEAIL SR P 2 B T, A 6
A A e X IR DL 10 em T TR B A AR 70
mm 5 52 mm AYFR J] (R 300 em’ ) BUAR £ (
1b) A 1 mm B e PEAR , SR )5 $140 % 300 pi
MK A, FH WinRhizon #R734r RS0 HrolLAR (D >2
mm) IR (D <2 mm ) B AL j':-ftﬁl*, e M i E
50 emx50 em ARAERE , HIECRSAHALAR IR J, 7 1] 552
B2 TR A A T AR AR A Ty B, T ER
TIVE TR GUHE T 43 i 22 FVA HEAEJZ (0~ 20 em)
0 g S A R KR 6 N

L4 Hdasbp

KH SPSS 16.0 AT HAR ST 5. Gt o
BT R HIAURE ¢ 6 4641 Ui A 7R 28 1 % 2 350 T % 62 2 A2
BH R RAFAERE 5 KU R Ty 22 00 LB 5
ZER R R BT A B | S A A -
KR LA A i ) R0 G 0 i ) e 350 T e G Y £
TRIE 22 57 02 45 0 3 5 WP AR A %% 8 R0 e €0 T AR AT
Pearson FIEPESHT (a=0.05) . F|H Excel 2007 #£47
Hma g H OriginPro 8.5 YEHA.

2 EHRENH

2.1 VEWE SR S R Y 5

AN [7) FEE R St 14 00 21 T 8 22 R R AL BRI AR A,
Y2 ] BRI YL A B AR T8 BE A A RRAE AR AE 25 5 (I
2) JEWEHE 55 185 mm AP S It YL o TR AR I L (2
T2 V43 AT R AF 1 I 2 3 R 88 1 184 o o ik 2> £
e B AR ST EE DL >200 mm Sh 3, IR R GE
20~200 mm YA SE I I AR , 10 S0 i 42 R 7K 43 18]
L O AR B R I 120 mm (YLt i AR
DIB935S kD A e O HoAE
HEUREE 37 cm bR — /N IGE(E, e B/INER 43 1
BOKRELM R L XA B B4, SR )5 B e TP
I 7E IR 0~19 em, YA #%42 58 B L >200 mm
3, It B T FUE 53 > 60% , ) T S o 1 AR
RIS YL B VE R R A3 N, E 2 (0~
20 em) Kt HEK ML JE I AR 9 B R 4 1 L
VR 19 em DR, Yo o 542 90 B 1 AR LA
20~200 mm &, JFAEA G0 <20 mm A9 Y A ER AR
T —3 o TR UL e m g X T8 Rk A
Ti] = HEIL T A B B 145 mm IOORSE
Tt G o 1A AR B VR ) 38 g ek D A - R
43 em HI— BRI IR ; U056 T e 6 6 428 98
FELA 20 ~200 mm . Bl VR A A 3G I, 43
KA IE XA B 3] 56 0R2 , i B R
S I AR 1) - 3 I T R AR R ORI S T AR
75 Y 0, V% R e A e 0 Y% S i A R TR P 3
TSN R R (1B 3) R i 55,85, 120 Fl1 145
mm [ GRS Rk AR H IR A R
FEAY I (10.4+1.6) L (10.2+1.3) (17.7+2.4) il
(21.5+2.8) cmj; M Fc K Ye (00K B 43 il J2& (28.3 =
4.1) (43.5+2.5) (43.2+5.9) F1(59.2+5.6) cm.
2.2 ZEUBHEXT RIS TR 5

2 5| b JE A T ) R IR, 2B R84 A 1) b R Y
BAfF 7 22 5 BRVEJZ 09 I 5 M 3 S K R R
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Fig.2 Preferential flow of the stained width and dye coverage.

FEAE 25 50 10 1 M 38 24 B % B (309.9+86.9)
em’ s m”, BERTEMNHERMBEE (19.1£1.2)
UK (0.08£0.02) g - em™ (HZEF B E 580
HHEIZBIRIMR T K R RO 8 (R 2).

16 55 28 1) Gl o BRAR S0 E AT Bl TR B 3 S 3
B S, HAERE 15 em 247 33K B i
KA, RIS AFAE 22 Pk (18] 4) AERIE 7.3~16.7 cm,
B A BRI E B R TR Y AR5 E | 28
IR Gt AR AT H A LA B 22 AN 3 A
B I RGO TRIE 7 5 h (41.8+6.3) Fl1(40.3+
4.1) em, Ll EMZER.

2.3 ARARBEEXHML ST R R
FEAIAR Z 6 AR S It 4 7 A R R JR A A .

Yot F 4t Dye coverage percentage
0 20 40 60 80 100

FERERE
Stained path width (mm)
- - <20
F— I 20~200
=1 >200
145 mm

R 3 fR , SR R AT B2 (VTR) 5 %1 1 4 (01
FU(DSA) AHIGE 2%, Hoh I AR (R B (VR ) Al
F AT G o TR DG 35, DAL AR B B (VER)
R 5] T e € T FRLG i 25 RH O, R AR AR R v 4 4

F2 WRAEEBEFER(0~20 cm) WL EFEMYS
EKE

Table 2 Soil bulk density and initial soil water content and
soil surface crack density in plow layer (0-20 cm)

i H Item 75 Furrow 78 Ridge
HuF R L 309.9£86.9* * 19.1=1.2
Soil surface crack density (cm? + m™2)

AT 1.53£0.04*  1.45£0.02
Soil bulk density (g« em™)

TR L K 5.61+0.66  7.55+0.89*

Initial soil water content (%)

#* P<0.05; * * P<0.01. F[f] The same below.
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Fig.3 Homogenous ( A) and maximum (B) stained depths

under different irrigation amounts.
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Fig.4 Mean stained path numbers of furrow and ridge.

3 RECHEESLEERNEXRY
Table 3 Correlation coefficients between root volume den-
sity and dye stained area

DSA VFR VCR
VFR 0.482"
VCR 0.422 0.776* *
VTR 0.477" 0.931"* 0.952"*

DSA: YL X Dye stained area; VFR: 4IARIAFSEE Volume density
of the fine roots; VCR: FLAR A% Volume density of the coarse
roots; VIR R BTN BE Volume density of the total roots.

MR (D <2 mm) S SEUE Y7 A EEEAE .
2.4 W O S TR 5

TE 3 AR 55 mm IR — R
PRV 0 TR A 0 SR AR Ty ) G £ ) T TR G
ISR ASE T 1) G €0 30 1T A7 A P S 22 5 (IS ) i ]

Fig.5 Characteristics of stained soil profile without ant burrow

(A) and with ant burrow (B).

FCHIE S 0 7= A A B 5 . A W T R Y
Y ) T Fe K R 2 (68.3+7.6) em, BE KT
TCHE Bl 7 A T Gl €8, 5 T 1 e K g B TR (28,3«
4.1) cm.

3 it

SR YN K AR FH A [ P S A PG Sl T 34 St B LAY
A RALBR I REAE. 5 A A 5 7E B E 2 ALK Z 28 5
A2 H T R ) 3 ) (H R AR B 5T O R B
ZING i ] R TR N Ry T M B Oy A
FE 2= 5 G E I B i , K BE AP SE i B
KELBHEZ M AR 2R B S (K 2). BARBHE
SR SSRGS R AL B 3 S v (BB 2 e
23 6 A H E I BHEZ B INE iR A —E
I B RALBRZE T T AR S kA B b
Bz

e Wy e s 8 ik g A IR 4 SEFLBR
A AR By a2 A R FL R ) EE R R, S R
SEIARE Y F E N & Z — . Shipitalo 55 IFFT A,
ISR 7N AT AR S 7K G 6 PR T8 348\ LA
AR A AR i AR T S B ) IR R
Fan % VRFSE & B0, e bk T LBV AR A i | 2
JERAEY R, SRR 2 | BT ek 1
WA B B EHEAR TR 1.4 ~2.0 £5. 5 W& 55
mm [R5 H T 32 3009 TR 5 52 I ARG 5 T B Rk
ABIRENIK(68.3£7.6) cm, FLHEEHE 145 mm K

it
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TR RABIRE (59.2+5.6) em K.IELRM E K
FH S s3I 7 CHE T G 26 Ui e KB TR B B AN
PSRRI 1Y 12 DR, B — A A i iy
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28 AR e YRR A R 2 G 2 B N
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it AR SR R AB VR BE 1 52 0 1 B L A 10 25 SR
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SN B AR HH AR SE T RRAE 32 3 B B | 2BV B
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B TR B 52 e i §TR) R TR R 1 W S £ 8 TR
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YEBI RS A HFE )2 e 28 5 8 5K g A S -4k
AT S4B B 1) 22 SRRV E 2 M DL e AR A 25
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