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1.1 #FRXERR

TLBCP R (110°30'~116°06'E, 29°22'~31°30'N) iz F-H E AL & HHra i, iP5 b
B, A RKILADUTZ AR B A IR, BN 3.76>10% km?. %X HANIE R A 2=
AR, BFAEIZE, 43550 16.1°C, ToFE ] 243~275 d. Z 444 /K &4 1 100~1 400
mm. Hr, FERFEKER) 70%~85%&EH/E 4—9 H. WFFT X IR DL BRI S AR A AN
WARDURR A E, MR AKALZAE Y 1.0 m 4. KRG RIZ X B E AR, Rl g s &
Ao T IERA L B E BRI B Ak L, AR PSR A Ap—P—C, I Ay
FMEE L. RBEHER LEERRE B R, AUREZ NBURE Y, AR &,
1.2 #EHbIEER

W FERE AL T AP R AT R IS, (112°20'E, 2923'ND, HuA LT R
HEGER, X AR H DASCEERGME UK RGN Z R0 R . TEE 2 RIS R S 1R RV ik
i, EEFR—REE COZERME; 5. MREEFHS 8 47 AR 7—11 B) BFAEZE
TR % FH— FH S8 58 (X i) FE 6 5 R 9 R ). TR R ), iR I A K20 60 m (HH
(D, 84 27 m (B, AKFEFMHE AR >100 a. HIEEE Y 20 2D 80 FACHIHAK
W B, 2GRN, NAERERHER X IR E g7 Eah 51248

Py gt oR BRSSO AE T 2016 4F 4 AVIJTE, WlEREH MR E. BT
PR H 2 (8] X ki 44 24 < HE (B] FEHBE Y% X 7 CHHIE = 10 em, %8 45 cm), A7 178 H AN
VR 2 [ FEEE A 42 0 P YA S X 7 CFHO G 15 em, 55 60 cm) 2300 et i X il 4
N CCHIPTS CRbPERR”OM CHBE” SRR, HoA 3T AT HE AR 6, %
20 cm.
1.3 RIS EGAE

DL WA VA VA 7 B 79 () 550 60 ) R 350 T 0 DX e % R s B S 0 o I /K S AN 1
)53 Bl B et B, ARSI TR e, SLRUECE bR R T IE . 2 Janssen
1 Lennartz® 12 Weiler £ Flihler P04 e ¢ |2 {5 kb1 798, $R45 13 4L (A I B L (Stained area
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ratio, SAR) FIZL(af2 (Stained path) 2 /KIFFIES . HA, SAR 235 P 4L AR
o 0 T AR T 2 B, K A A g T (AR R, T et B AR i R L e )
I —AEAL R A BAT R T R SR N R B AN SR P A8 TG, SRR ST ) e pE 45
(BB M=), Qeagim— Ml s A Y8124 (Stained path number, SPN) FlZ
(R 4% 55 % (Stained path width, SPW), FL[R] S Wedl S6 It (e v A 7y 27, Horfr,  SPN
TREELOERBN, gt TGP ek aHE, SPW RSO YLtk 12 0)
82 £ -39 S K T 5 BE PO, g A RE RS BR Y (ORI, B E SPW RIIZ Rk 9 <10 mm,
0~80 mm F1>80 mm, LLEE 1 JMHE Lo AN A7 AR e R AL

® LIRS EiRE
Table 1 Criteria for classification of preferential flows
AR Peiii s Pt PRI TR LR
Type of preferential flow Pattern of dyed flow Ratio of staining path width (SPW)

<10 mm >80 mm
B3] ipi

25
Homogeneous flow - <20% >60%
e[S = ¢ ‘

Heterogeneous figure flow - <20% 30-60%
TREAE R FLRRIR ‘*::‘“
Mixed macropore flow ¥ 20~50% <20%
ICAH LA F R ALBR A -
Poorly interacted macropore flow { Tl >50% >20%
e A LA R SLRR IR m ?‘
Highly interacted macropore flow &4 <20% <30%

1.4 HARALIE

AT H YO A% SH (SAR. SPN 5 SPW) AR Se iS4 S5k 5 5k
PR A FRAS H 348 - 308 Excel 2016 AbEE, F:H] SPSS 22 3470 et 0 A AL IR 3 7
Z5Hr, LA Origin 9.0 /E A .

2 75 B

21 HEXRHEFEEEERLE

P I X A s e T AR L BUIR T, &AL SAR AR b RISy 8 iy > H 3 >
HA (B 1. %475 SAR BEVRFEFI NI S) T . 0~20 cm )2 SAR £, (B GE
A1) 53.85%~88.55%, FLrf, HATE 8~10 cm SAR iA %] 90.00%L) F: 20 cm DL Rk X
A7 SAR BUK, #AK FAKT 15.00%.

S HALE Total stained area ratio (%) et H AL Stained area ratio (%) et AL Stained area ratio (%)
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Fig.1 Stained area ratio (SAR) of the vertical profiles in the intermediate zones relative to sampling sites

FE P S s A S SAR FEAN[FITRFE LR 22 57 i3 (8] 1, 32 2). 0~10 cm %47 £ SAR
W - S R 488 it 2 o, LS 24 SAR SRHIA T N > 95 > F 38, 10~30 cm + /2 %47 41 SAR
SURINBE, HHE A FRFEEDL, N IR IA 96.65%~99.17%, LT IXZ (88.31%~93.21%),
FH 41 551 (69.36%0~87.51%) . 30~90 cm 1= JZF#5) SAR Iy H 4 > by 7y > H Py . W5k 2,
F KA JE LT3 SAR SR HBELE 18 em LU XIgE T-H A, H. 16~35 cm /2 HIVA H 3
PEIX H AT AT SAR A H P 4.19 15,

=2 TEIRELBRAGCEGBGESESH

Table 2 Morphological parameters of the dye tracer image relative to soil layer

KAEX 7 R SAR SPN SPW (%)

Sampling area Location Depth (cm) (%) <10 mm 10~80 mm >80 mm

Gl HI Py 0~18 59.39gh 22.00f 10.64f 39.569 11.01c

Field Field 18~37 5.16ab"™ 5.00a" 2.97ab 3.17abc 0.26a

>37 2.29a" 4.00a" 1.84a 0.48a 0.00a

FH Jf) 45 T 0~18 64.32h" 12.00c” 14.91g 42.429 4.03a

Ridge Transition 18~30 10.35bc™ 5.00a" 5.71cd 2.94abc 0.00a

between fields zone >30 6.89abc”™ 4.008" 5.43¢ 1.54ab 0.00a

HH 4 0~18 34.06e™ 20.00e™ 14.08g 19.11e 0.16a

Ridge 18~30 13.13¢™ 11.00¢™ 7.22d 5.53bcd 0.01a

>30 8.93bc™” 8.00b™ 5.89cd™ 2.99abc 0.00a

FH %) FH 4 SuRiKis 0~16 57579 16.00d" 18.64i" 39.62g 1.54a

Ridge Transition 16~35 20.55d" 9.00b™ 9.33ef ™ 8.66d 0.06a

alongside zone >35 43420 4,008 3.590™ 0.69ab 0.00a

diteh FH 1 0~16 45.46F™ 20.00ef™ 17.06h™ 32.20f 0.41a

Ridge 16~35 21.64d™ 13.00¢™ 8.70e™ 7.27cd 0.00a

>35 5.22ab™ 6.00a" 3.94b" 1.13ab 0.21a

T SPN 5 SPW 73l 3R G (R AR FOM Gt B A2 T 12 s BUBE RN S KL BRSS9 T8 a~i,
TR LIZMZESR; R RIR R AL (SAR) SHE AL (SPN) £ 0.05 KF A1 0.01 /KT
A Note: SPN and SPW stands for stained path number and stained path width, respectively. The data
are means of the morphological parameters of the genetic horizon; The alphabets from a to i demonstrate
difference between soil layers; The symbol of * and ** means significant correlation between SAR and SPN at the
0.05 level and the 0.01 level

F DI X K-FHITH SAR 53 ELH#I T SAR BERULFXS L, FEA IR RGN, H A AL i
ALK SAR SURIFRAG, 17 FHIE N H BLSE RN Ja SURIFRGE S, H 20 em DL R HJE &AL
FUKF SAR R I HIEE > i > 1 (B 2). H A 0~5 cm /K-F 1 SAR S, P51k
64.11%~72.78%, HAEIXIHEELS M 5om LUFHAZKFHIH SAR S F, 1
AL RSP KER T SAR N H Y 2.04 £5~2.27 £%, H 20 cm Qe X3k DA ES: stk o3 Ak

Y

+.
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Fig.2 The horizontal stained soil area ratio and sections of dyed soil in the intermediate zones
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J£20 cm BLF 2 SPN S FHE > e J s > FH A, e, P 9 PS5 98 [ ) 38 452 5 20~80
cm P31k 10 %k, H A1) 2.00 £5 . AR X A7 A SPN B AE 0~20 cm 2 57
BN, H 20 om BA )2 B FHBEA i SPIN BTy - HH 18] FH 58, B8 HH 8] HH B 7E 60~80 cm
JEA/NEE L, BB EARIBN T HEEE,
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Fig.3 Stained path number (SPN) in the intermediate zones relative to sampling sites

HEX SPW SR, & s XM FE AT T 0~20 cm L2, HE{E SAR K
53.58%~88.55%, H.H' 10~80 mm SPW 5 Z4f; &idJEIX 20 cm LA )= SPW LA <10 mm
A1 10~80 mm My (Bl 4) . ANFEN SRR L2 SPW 2 F 80K, 78 0~20 cm L2, H P SPW
L 10~80 mm F1>>80 mm y3=; T I 4 A EH B U DL <10 mm £ 10~80 mm A3, >80 mm
AR G (0.23%~4.20%). 20 cm LA N+)Z, M. SEH A HSE SPW #L4<10 mm
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Fig.4 Stained path width (SPW) in the intermediate zones relative to sampling sites
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W: TZ NidiEH; FIE Note: TZ stands for transition zone. The same below
Kl 5 P XA R AL s K i S Y
Fig.5 Type of water flow in the intermediate zones relative to sampling sites
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P 488 [X e Ly ) et XS N 225 K D5 1), 7K BEAS S 3 B, 3Re o o 3 4k,
ANTRI R R F B 7K IR AR AE 22 S B 2, VA BB 0~20 em e (8 X e/ T~ H (] FE 43, {H 20 cm DA
TG X 2 v T ) FEEE, L P v A ] O S A
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Fig.6 Characteristics of preferential flow in the intermediate zones
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3.1 HHESE YRR BB B XK S NS TR G5 LS

HHETE SIS0 AL 2 (TR, 16T X6 A 5 9 X 10 e 2 AR R A 0 280, P A
JEULF 2 (20~35 cm) SZHHENUIE SIE B, 5T G 'S Se i AR 2282, (445
HEEFUR R Z 3, BREET BT AR R HE, W HE M EARE, S
F e s /K s T R, T 24 SRS AR T JEURE F B 2 2 B, R FH R AR 2 7 T 1
W2 N, EHSEEE)E, W XIEAEZHEES, NEMREIIR S0 R ZH T84, 1
W2 TR RES KRS . T KIAASZRIVINIE AR, M i s BB i%)E
REEFRRNAR S, # Janssen Al Lennartz Whi% 2 X “HlF 2 (Hard pan)”. {HK 1]
FHEAIAIR B T HIE AR R, 2 BT R 2 fLE5 ), SRUNEZZENBEEE
THAE S, 2 S A R 7 35 H A B S SAR. T BRI K S G £ 3]
[ H) SAR 2 —E B A flad:, @ —DuEsk 7 s R nr sk,

LNVHHE . L35 9 R BT Bl S IR 570 An S DR 25 35 2 5 38 LR A 3 B A A
HETT SR R 5 et A AE 22 R B0, N HEE AN, BALBE, B R
VIR AE AR T3R8 2 138, /K5 5@ 5k KFLBRAIAS FHIR 2 T s A Se ik A Bk 16 B . 1H
CERM B MALRZ S TR IR BN, BN T Y e E 2 BRI 1), i S
WEHEE SAR s, AURE &L H LT 12 SAR H2ff. Janssen Al Lennartz s 54 g H—H
O X g In g AR, SZHNARZEMEm, B 20~30 cm 4b SAR 2R FE1IK,
R R R . Patil ZE B TS5 SR, SZRIEET, BN ALE 2 RS K 2 1
FEANE, 5 HAKSMAFZIRA . EENMEH—HEEEX, BT REKSERIR
JEZ L3R, T P9 e s R T X 4 AR B T, S B EE T A7 O K i L
A0 pea LT 2 A 9 A A e R, SRR FE P LR ) 22 S 2 S s 9 X ) S €8 3 AT RRAIE - Kukal
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A1 Aggarwal PR S, E KR RUUAE R S F P AR S 50RG FE A /K 20 i 2k B AT
54.00%~58.00%, {H I H I X S e 7K & o LU AR 3wy, X2 i T B R 3 i vy Sk
PERE T2 P KK @ Z X PR . TR AT AR S 8], R TR
LEAFEE, SR L AR T AFLEEE R, Yot SLIer e R B T R 2 AT
T HE T IR, SEGREIN G E Sl X AR N B . H Greve 4% Pl e
FAF T IR B AR AR I, R A 1 3K LB BE AR R (A5 - 3 St 1
Az DRI, T YT R R R A S A A R A
3.2 HMESE AR HIEREXACREE R RER NN

I FLBRARAE 1 22 AU SAR, 78 2 SR AR /K I 2T (1) SPN Al SPW 25 439,
SPN F11 SPW BE3k [A] e WAL Je it i 4 5 7 31, SPN 2, R IR HZ
{H3d =1 SPN & B BN SPW, B RAE RALBR KK 5 L3RS e R 55, KR
AR I AEA EAE B RFLERIL . 10 SPW RS, U] s B FL Bt rp (7K 25 FL ISR ) Tl A4
K43 A WA FH SR R R, AR AR SR I 5 i It e A AR P R FLBRAR . FH N 3R 2 - 8 R R
spFl, BT, LR, A H AR RO, BAKS NBER, B4 TFEL
7K S T B NVB I BHAS 8 n T il 53R 2 37 o B i (], % SPN e H SPwW
P (UL 10~80 mm F1>80 mm M), SELFEM A FRIUNIE IR (D .
RREX K EEBIRAIERER SEHE KA. T2 13 SAR 1 SPN 2RIk, 548, H
TR ARECON RS, FEORFLRRN 585 5 R /K 4 S e 55, Yot X B o A 7E R FLIR A
FEl, PRt SPW 2 PL<<10 mm A3, [FEIN, BTl G T H N, Geiii i 2 i 3 Ol
FEIR T FEE, FL S ) S R 5 S4B I A5 F N, 45 B4 0~20 cm )2 SAR
ASPW KT HA. B, FTHZE/R)E sl ki) G sh S 808 2 et i 12
R, T A AR E LT LR X b, I, A SAR AT SPN B HI i, K
FLBRREL G W . RS 5 2 A R L AR, R R kA B, BRI ALR
IS A B E I S8, S EC %2 38 L FH P 1 SPW B 5 o =) 2 B00as i id o
FH AR SR IR BB T R I, B O AR A I 3R FLRR & =, R AR KR A
WHR I . seAh, BFAMRAE R, BRI A B2 s K, R
fr AFE R AR, AR LA S B St A A 25 2 R B,
3.3 AEIZEBFAIETE XKD RELIER 5ERIFE

FE ¥ FH 35 0T F ¥ FH R O EE 25 AR R AR IE S N R £ 57, SR I iR
PR RALBR A K 3 S A AR A AE — S8 X Sl o ) 38 Ak T P B 2 T, LB 3
AEFHEACIRAS, AT HIES YK Eh;  TH A P E 278 — (0 7E R S K, EL At et ) ¢
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Characteristics of Preferential Flow in the Intermediate Zone

between Paddy Field and Ridge

LI Shenglong YlJun LIU Muxing ZHANGJun YANG Yan ZHANG Hailin
( Key Laboratory for Geographical Process Analysis & Simulation, Hubei Province,

College of Urban and Environmental Sciences, Central China Normal University, Wuhan 430079, China)
Abstract [ Objective] Studies available in the literature have shown that the ridges around the
paddy fields are likely to lead to low water use efficiency and pollution of shallow groundwater.
Preferential flow is a physical process of water and solutes moving along certain pathways, like pores
and fissures in the soil, while bypassing the part of soil matrix and is ubiquitous in the paddy field
under continuous flooding. Therefore, to study the status of preferential flow in paddy soil and its
influencing factors may help quantify characteristics of water leakage in paddy fields and improve
water and fertilizer utilization efficiency, and hence reduce the risk of pollution of shallow groundwater
by agricultural chemicals in paddy regions. In order to elucidate effects of the ridges on soil water
leakage in the intermediate zone between fields and ridges, comparison was made of different
monitoring points in the field, transition zone and ridges for differences in characteristics of
preferential flow. [ Method ] Field bright blue dye tracer experiments were conducted of the soils in the
two typical intermediate zones (i.e., the intermediate between field and ridge and the intermediate
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between ridge and ditch ) of > 100 years old paddy field in the Jianghan Plain, Hubei Province. [ Result]
Results show that stained soil area ratio (SAR) fluctuated downwards with depth of the soil profile and
a peak was observed in the 0~20 cm soil layer, accounting for 53.85%~88.55% of the total SAR of the
soil profile; that the field was the highest in SAR in this soil layer, and followed by the transition zone,
and the ridge; that although SAR was quite low in soil below 20 cm in depth at all the monitoring sites,
the ridge was still 3.15 times as high as the field in mean SAR; that staining of the soil appeared quite
consistent horizontally and vertically, that with increasing soil depth, the area of staining at horizontal
levels gradually decreased from a plane to a dot. The ridge, impact in soil texture, was higher than the
field in staining path number (SPN) that in the 0~29 cm soil layer. staining path width (SPW) varied in
the range 10~80 mm and beyond, while in the soil layers down below, only a few paths <10 mm were
observed; that the water flow in the field was mainly of the type of heterogeneous finger flow -
highly-interacted macropore flow, while in the transition zone and ridge, it was mainly of the type of
mixing macropore flow- highly-interacted macropore flow, for the SPW therein varied in the range of
10~80 mm and below. When water flowed from the field into the transition zone, it lost through
seepage vertically and laterally, the two typical pathways, (i) via earthworm pores, root pores and
fissures, which were more plentiful in the ridge, facilitating vertical and horizontal seepage of the water,
while the plough pan in the field made it hard for the water to leach downwards, thus forcing the water
to flow into the ridge and then percolate rapidly into deep soil layers; and (ii) further into ditches
through the intermediate between ridge and ditch, of which the two were relatively different in
elevation, so the water infiltrating into the ridge continued flowing vertically through the ridge and
eventually into the ditch, besides percolating downwards. [ Conclusion] Affected by the distribution of
macropores in the field, transition zone and ridge, only a small amount of water in the field infiltrated
through the plough pan and a large one lost through seeping laterally into the ridge and then percolating
quickly and vertically into deep soil layers through macropores, thus leading to low water use
efficiency and nitrogen pollution of water bodies. It is, therefore, essential to pay high attention to the
influence of water flow in the ridges on leakage of soil moisture and solutes from paddy fields.

Key words  Preferential flow; Dye tracer; Stained area ratio; Stained path width; Lateral water
flow; Paddy field-ridge intermediate
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