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Abstract:  Objective  Studying the effects of topographic position, vegetation cover, and soil property on the characteristics of
preferential flow in mountainous areas can enrich research content of hillslope hydrology, and further reveal the mechanism of
forestland in soil and water conservation. Method Dye tracing experiments using Brilliant blue solution combined with
photographed images analysis were carried out in the Dalaoling forestland of the Three Gorges area to explore the transport
features of preferential flow along with soil vertical profile and lateral section. Six hillslope sites were selected to conduct dye
tracing experiments, including the upslope and downslope covered by evergreen forest(EG), secondary deciduous forest mixed
with shrubs(SDFS), and deforested pasture(DP), respectively. Several parameters were analyzed to demonstrate stained feathers
along with vertical profile or lateral hillslope, including stained area ratio(SAR), stained path number(SPN), distribution of
different preferential flow paths width and lateral flow length along the slope. Result Results indicated that: (1)Larger stained
area ratio and more stained path number were observed in upper soil horizon than deeper soil horizon. Compared among different
vegetation covers, the largest SAR was observed in SDFS, followed by DP and EG, which were 44.2%, 36.1%, and 35.3% at 0-60
cm depth, respectively. While average SPN in SDFS, EG, and DP was 43, 19, 15 at 0-60 cm depth, respectively. For different
topographic positions, larger SAR was identified in upslope sites(41.5%)than in downslope sites(35.6%), while upslope sites had
less SPN(23)than downslope sites(28)at 0-60 cm depth. Deeper percolated depth was identified at SDFS sites than that of other
sites, which showed abundant stained paths even at 60-110 cm depth, while few paths were found at this horizon for EG and DP
sites.(2)The stained areas at six sites were dominated by preferential flow paths with 1-10 cm width and >10 cm width, which
account for 82.8% of the total stained area. Homogeneous matrix flow and heterogeneous matrix fingering flow were mainly
distributed at 0-30 cm depth, while other preferential flow patterns were mainly observed at deeper soil horizons.(3)Compared
with EG and SDFS sites, more lateral flow appeared at DP sites showing stained patches extended 50 cm distance along the
downslope direction, while only 10-20 cm distance extending was observed at other sites. ~ Conclusion Vegetation types and
topographic position affected water infiltration processes through controlling soil properties and affecting water flow paths.
Forestland sites had a better ecohydrological function in water conservation than deforested land, as the vertical flow process at
DP was inhibited by the plowing hardpan. These led to more lateral flow at the shallow horizon and had more risks triggering a
surface runoff. The practices of deep ploughing and reforestation can enrich root channels and benefit soil and water conservation.

Key words: Preferential flow; Dye tracing; Stained area ratio; Lateral flow; Three Gorges Reservoir Area
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Scheme of dye tracing experiment and image analysis process

ME A, A E 1D 25 G 2R TR A
(100 e’ 3871 ) Fkzh+kE, HZE 10 MEREE R
R 3 AN A HPTA R R g0, AL
THEME FIEAS T, @ ACKTANE IR SoKE, I
Bl X 5 A - LR ZE A, AR R B
AR E PR S R, IR R LK 1.

S50 TR 5 bR ARIE SR, B E IR
X+ SPW K4 <1 cm. 1~10 cm F1>
10 cm, 7EIEAIE SPW 1 5 s, 2R Weiler Al

» Z=THN

Flithler™ 4 3 /K 3 26 980 43 b v A 745 3500 1T /K I

1 TEHH A IR AR

Table 1 Soil physical and chemical properties at different sampling sites

B HUMEZH 1L Soil particle composition/% A SKZER
7
FIHE R K2 H LB Saturated
B Bulk BALBUE
Experiment  Genetic b FAE A ZhikL Organic matter hydraulic
Depth/cm  density/ Total porosity/%
sites layer Sand Silt Clay / (gkg™) conductivity/
(gem™)
(emd™)
A 0~37 0.88b 40.20c 42.43b 17.30a 79.19¢ 76.72¢ 54.43a
WY b
E/B 37~63 1.30d 69.72¢ 16.68a 13.60b 33.60d 104.49d 40.46a
EG-upslope
C >63 1.30b - - 61.67d 40.44a
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gk
& HLBRZH AY, Soil particle composition/% ORI &3
g
TYFER RER B EERiING Saturated .
W Bulk SALBRE
Experiment  Genetic WL pig A FhkL Organic matter hydraulic
Depth/cm  density/ Total porosity/%
sites layer Sand Silt Clay / (gkg!) conductivity/
(grem™)
(em:d™)
) A 0~20 0.76a 28.41b 46.39bc 25.19b 54.84ab 42.91b 61.60c
WY
E/B 20~72 0.98a 25.10a 51.38d 23.53¢ 16.35ac 36.00b 56.30c
EG-downslope
C 72~90 1.37b 65.12¢ 23.14ab 11.14a 5.55a 4.88ab 43.70b
A 0~15 1.13¢ 24.48b 51.71c 23.82ab 78.16¢ 30.35a 52.68a
e ds
E/B 15~50 1.04b 44.71ab 20.05ab 10.17a 13.35ab 95.12¢ 46.17b
SDFS-upslope
C >50 1.26ab 63.72¢ 17.60a 18.68b 7.96b 21.47¢ 43.56b
T A 0~20  0.77a 13.14a 63.44d 23.43ab 55.13ab 66.87c 61.68¢
SDFS- E/B 20~70 1.29d 9.54a 33.20c 57.26¢ 11.97ab 0.96a 48.76b
downslope C >70 1.38bc 18.39a 46.84d 34.76d 7.73ab 0.35a 44.66b
A 0~35 0.84ab 46.31d 34.19a 19.50a 49.85a 35.91ab 57.90b
FEAEHLYE -
E/B 35~55 1.20c 52.16b 29.27bc 18.57bc 18.81ac 16.17ab 49.80b
DP-upslope
C 55~100  1.30ab 60.95¢ 27.61bc 11.44a 8.25b 27.60c 46.68bc
) A 0~27 0.83ab 18.65a 57.71c 27.64c 50.29a 31.11a 60.57bc
FEHF ST
E/B 27~85 1.38¢ 2391a 41.55cd 34.55¢ 8.64ab 0.58a 46.95¢
DP-downslope
C 85~100 1.4bc 36.23b 32.83¢ 30.93¢ 6.80ab 0.56a 47.57¢

TE: BRI SRR U2 {ESS, HALS B AR HCF S E . FUARARCR 56 B S . FFR /NG 55 278 AR LR

1, P<0.05 K322 5% . Note: The geometric mean value was used for the saturated hydraulic conductivity, while the arithmetic mean

values were used for other parameters. Soil particle distribution was calculated by the American criterion. Different lowercase letters within a

column indicate significantly different at P<0.05.

KRB (R 2),
1.4 HiEAESEE

i FH Excel 2016 AbPRSZIGH Y, T IE AR

E2%, MR SPSS 22 HR{F HEAT BLIK K U5 2 7r #r
( One-way ANOVA ) Fll Pearson #H5¢5#r1, fifi H

®2 TR EB R FI ERIRE

Table 2 Threshold indices for identifying soil infiltration pattern

Origin9.1 #2505 A B

K R

Soil infiltration pattern

YL BRAR VE AL I

The ratio of straining path width ( SPW ) /%

JE¥ T H8 I Heterogeneous matrix flow and fingering

4 i Homogeneous matrix flow

5 M A FH R FLBR I Macropore flow with high interaction

TRAVE I KFLER T Macropore flow with mixed interaction

AR E.AE FH K FLBR IR Macropore flow with low interaction

<1l cm

<20

<20

<20

20~50

>50

>10 cm

>60

30~60

<30

<20

<20
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7 em. AFRBEEEYH 0~60 cm +)2 SAR FE 20 cm 20~60 cm Fl 60~ 110 cm =L ZHE ST
BORTE MRS (44.2% ) >FERR (36.1%) >%  SFERAFEDKRFHES R (£ 3). Jr 20 rai ik

Yt EFR L Stained area ratio/%
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100

04 - : - - 0
20 A 20
g
L2
=
2 40 40
53
a
) ¥
604 60
i
g0 —— W %0 —=— i %0 —— FH
EG-upslope SDFS-upslope DP-upslope
—o— T —o— TR —o— FHHYE T
100 - EG-downslope 100 SDFS-downslope 100 DP-downslope
P2 ASTRIAE A b g o g T AR e
Fig. 2 Vertical distribution of stained area ratio of soil profiles at different sampling sites
#3 TRLBHEBIFESH
Table 3 Dyeing characteristic parameters of different soil horizons
SRR AR SN e <lem B 1~10 cm $EfE >10cm 5 FE
P R L /%
Experiment Stained path SAR Stained area ratio SAR Stained area ratio SAR Stained area ratio
Stained area ratio/%
treatmentsites number/piece of <1 cmwidth/%  of 1~10 cm width /%  of >10 cm width /%

WEE Width/em  0~20 20~60 60~110 0~20 20~60 60~110 0~20 20~60 60~ 110 0~20 20~60 60~ 110 0~20 20~60 60~110

(it A 48.3a 22.4b  0.0a  34b 8a Oa 92bc 1.8a 0.0a 21.7a 86ab 0.0a 11.9a 87c  0.0a
upslope

WERIT 74.3b 223b  0.0a  44b 10a Oa 10.2c¢  2.7a  0.0a 30.4b 9.3ab 0.0a 33.6b 10.4c  0.0a
downslope

SDFS-
e A 84.7cd 37.5¢ 52b  16a 5lc  10b 24a 11.2b 2.5b 20.4a 198c 2.6b 61.9c 6.5b 0.0a

upslope
SDFS-
A 67.76 189b  0.la 7lc 33b Oa 33a 34a 0.5a 30.0ab 10.0b 0.2a 50.7c 4.9ab  0.0a
downslope
Fpk
b I DP-upslope 83.9cd 18.3b  0.7a  23ab 9a la  22.1d 99b 0.5a 40.lc 7.0ab 0.0a 49a 0.7a 0.0a
FAFH DP-

76.8bc  9.6a 0.l1a 25ab 1la Oa 5.9ab 3.3a 0.0a 342bc 5.4a 0.0a 36.7b 1.0a 0.0a
YT downslope

s FATAEING TR 3R 7R AN R SE G RE 5 F 24 5 118 2 ( P<0.05 ). Note: Different lowercase letters within a row indicate significantly
different at P<0.05.
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em REEVEH N34 SPN T (128 4% ) >4k 1 (23
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Fig. 3 Vertical distribution of stained path number of soil profiles at different sampling sites
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7 H b R 1 2 R] JC B 35 25 5
2.3 A[E SPW S f R IKimEE K 4

&l 4 3B, SAESRYHIE SPW LL 1~10 cm FiI>
10 em S, TS RE Y e (0 AR TR o 350 A e (e
T 84.2%. BRFFHEHE I 1~10 cm FEREAYYL (3645
AR A7 L . >10 om FERE 5 LR fiRAh, HARE Yy
K PEEE>10 em FY YL EEKAREA b7 e . 1~10 em
<1 em f/b o 7 SAR BRI 0~60 cm )21, SPW
PL1~10 cm F1>10 em 3, —F 503 IR B

TR 42.8%F1 41.8%, MiFEAE 1>10 cm YL KR
UL 6.9%. 75 60~110 cm +J2, IR SPW
DA<l em 1 1~10 em 2 3, HYL AT 5 HikF] 98.5%
Ph o AN EE, AFeH - HA<1 cm [ SPW 7E
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B SPW FENE | BN Z RIA & 25

T NN R R (£ 3), NREIRE&HE S
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A G €2 I A8 TR o LU % IR | A R 30N
EFEBH Y /K, SPW SN 1~10 cm A4 (4 3%1%
TR A L AE SR d5 K, SPW>10 om 14 e £ i
PR R A TR AR R R IR, HUChE
£ NS 378 A N A e B 30 B e R
/Ny 20~60 cm +JZ SPW<I1 cm A4 (0 2542 1 R
FUAE V5 M3 RS ¥Rk, LA RE 5 2 fA]
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Fig. 4 Vertical distribution of stained area ratio with a different stained path width of soil profiles at different sampling sites
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*4 FEHFESTIERAMERL Pearson tHXFRE
Table 4 Pearson correlation analysis between dyeing characteristics and physicochemical properties
Hl
AL Bk Lyig A ki RIS/ & SALBREE
Bulk Organic matter Clay Silt Sand Ks Total porosity
density
Qe AR LD —0.853%* 0.877** -0.056 0.585* -0.21 0.325 0.811%*
RO —0.749%* 0.531* 0.055 0.442 -0.275 0.462 0.636%*
<lem FEE SAR® —0.633** -0.431 —-0.181 0.104 0.124 0.241 0.500*
1~10 cm $iJ¥ SAR@ —0.915%* 0.755%* -0.014 0.566* —0.248 0.276 0.863**
>10 cm T2 SAR® —0.610%* 0.773%* —-0.029 0.672%* —0.355 0.228 0.660**

@ Stained area ratio, @Stained path number, (®Stained area ratio of < 1 cm width, @Stained area ratio of 1~ 10 cm width,
(®Stained area ratio of >10 cm width. {: ** F/RTE 0.01 KM LW E, * FRLE 0.05 KF B EHK,
Note: ** indicate significantly different at P<0.01, * indicate significantly different at P<0.05.
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