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Abstract; More serious environmental problems including water shortage, wetland degradation, and soil salinization are
gradually recognized in the Yellow River Delta wetland. Due to water deficiency of wetland soils, preferential pathways
including soil cracks occur as soil shrinkage which changes the hydrological connectivity of inside wetlands or between
wetlands at small scale, and small scale hydrological processes tend to affect the large scale hydrological cycle, depending
on our urgent needs to restore wetlands, it is necessary to pay attentions to the study of hydrological connectivity research

from microcosmic perspectives to promote the understanding of connotation of hydrological connectivity. However, most of
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the current studies focused on the hydrological connectivity from macroscopical perspectives. In order to clarify the small-
scale hydrological connectivity in the Yellow River Delta, the morphology and distribution characteristics of preferential flow
in soil were analyzed based on outdoor dyeing tracer experiment and indoor image processing technology. The relationship
between preferential flow and soil nutrient content was explored. The results show that; (1) There are two stages in the
variation of the dry coverage of Robinia pseudoacacia Linn community with soil depth. The first stage: the interaction
between preferential flow and matrix flow is significant; the second stage: the interaction between preferential flow and
matrix flow is not significant, and the intensity of preferential flow is gradually increasing, finger flow phenomenon and a
small part of pipe flow phenomenon is observed. (2) Vertical soil-profile indexes ( dry coverage, dry coverage of
preferential pathway, depth of diffusion area, and depth of 50% dry coverage) reveal a strong interaction between
preferential flow and matrix flow, and depth of diffusion area occurs in the range of 10—15cm in the soil, which indicates
that this type of vegetation community has large depth of water infiltration flow uniformly and the hydrological connectivity is
high; (3) The contents of soil organic carbon, organic matter, total nitrogen, total phosphorus and available phosphorus in
preferential flow area were higher than those in matrix flow area; (4) The dye coverage ratio of preferential flow area was
negatively correlated with the five nutrient indexes, and the contents of organic carbon, organic matter and available
phosphorus were significantly affected by preferential pathway. (5) The content of organic carbon, organic matter and
available phosphorus in soil can measure the development level of preferential flow to a certain extent. These results can

provide references for wetland ecosystem protection and management in the Yellow River Delta.

Key Words: Yellow River Delta; preferential flow; Robinia pseudoacacia Linn; dry tracer; soil nutrient
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Fig.1 Location of the study area and situation of Robinia pseudoacacia Linn community
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Table 1 Physicochemical properties of the soil in Robinia pseudoacacia L. communities

AR A T FEH 45 Plot No.

Physicochemical properties CH1 CH2 CH3

JFi it f 7K B Mass water content/% 23.100+01.3 26.200+3.4 21.200+1.1
%5 Bulk density/ (g/cm?) 01.210+0.209 1.190+0.298 1.240+0.205
MFLBRE Total porosity/% 50.800+3.3 51.600+6.4 50.100+4.7
B FLBE Capillary porosity/% 46.800+0.6 49.900+4.9 49.300+4.4
KK Maximum moisture capacity/ % 43.400+11.2 46.800+20.1 42.000+11.8
EH K Capillary moisture capacity/% 39.300+6.6 39.900+10.2 38.700+7.9
H/MEF/K I Minimum moisture capacity/% 36.600=4.0 37.200+8.0 35.600+5.4
F K BRI Soil water storage/mm 0.029+0.005 0.032+0.005 0.027+0.005
H LI Organic carbon/ (g/kg) 5.176+5.028 6.067+7.525 2.237+0.729
AL Organic matter/ (g/kg) 8.924+8.668 10.460+12.973 5.095+4.354
4% Total nitrogen/ ( g/kg) 0.558+0.495 0.721+0.856 0.338+0.280
4T Total phosphorus/ ( mg/kg) 0.543+0.054 0.600+0.050 0.536+0.040
%W Available phosphorus/ ( mg/kg) 2.612£1.048 2.972+2.051 1.744+0.350
pH 9.180+0.130 9.085+0.135 8.843+0.163
HL 3R Conductivity/ ( wS/cm) 159.250+92.190 175.250+122.368 307.375+161.772

CHI . JIHRAFYE 1 Ci Huai 1;CH2. JURRHE 2 Ci Huai 2;CH3 . JIMLEEYS 3 Ci Huai 3

o £79;:4
Soil depth/cm

B2 FEXBRRELEHELEE

Fig.2 Dyeing experiment and dyeing profile treatment
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Table 2 Statistical analysis on indexes of vertical soil profiles in different plots

LB BEHBZRS Plot No.

Vertical soil-profile indexes CH1 CH2 CH3
Y@ AL Dry coverage 0.23+0.05a 0.20+0.06a 0.18+0.09a
S X YL T AL L Dry coverage of preferential pathway 0.09+0.01a 0.14£0.02a 0.09+0.03a
P SEI B 7% Percentage of preferential pathway 0.28+0.03b 0.41+0.03a 0.36+0.09h
FEFRFRE Depth of diffusion area /cm 15.23+1.26ab 13.61+1.33a 11.06+2.37b
KPR Maximum dyed depth/cm 46.60+12.10a 40.67+4.16a 35.75+1.71a
H 52 HA YR Depth of 50% dye coverage /cm 21.24+4.67a 19.01+6.24a 18.46+4.71a

KRR/ A 5 2 T e R
Maximum dyed depth/depth of 50% dye coverage
BEMKNH 0.05; ARING FREFRAE S e G AR L 35 22 S

Yo T A R AE — 2 VR T P K A8 B 4 R, Y £ B e R, 1 I I e T B 4 R B
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- BRI 3 I S BRI N B AR R R B SR B . RS CHI, R 0—10 em
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T R LRl SR AL 25 57 R 3% (P>0.05) = HuAf N A S I IX e 6o 1 AR U S 77 7 B 3k 22 5% (P>
0.05) .

IRRAE 7% FE PR IR BE AR CH1 1 CH3 BE BT TR FEAAAE W M 25 57 (P =0.006<0.05 ) , H A [ A7
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2.27+0.62a 2.07+0.29a 2.46+0.42a
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Fig.4 Dyeing pattern of vertical profiles in Robinia pseudoacacia Linn community
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Fig.5 The changes of dye coverage with soil depth
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Table 3 Content of soil nutrient in different areas

- A SERTX
ForfEtn Preferential flow area Matrix flow area
Soil nutrient indexes

CHI1 CH2 CH3 CH1 CH2 CH3

A P Organic carbon 10.491+4.801  8.030+3.210 7.497+4.880 6.190+2.481 4.795+1.678 3.148+0.978
H HUFT Organic matter 18.087+8.277 13.844+5.534  12.925+8.414 10.672+4.278 8.267+2.894 5.427+1.686
4% Total nitrogen 1.192+0.513  0.829+0.385 0.766+0.460 0.730+0.277 0.532+0.291 0.327+0.130
4T Total phosphorus 0.549+0.085  0.495+0.084 0.593+0.043 0.590+0.019 0.535+0.041 0.593+0.082
HRWE Available phosphorus 4.822+1.340  3.455+0.752 3.547+0.996 2.359+0.383 2.239+0.914 2.779+0.285

2.3 PRSCHR HHESR S R
PEBCEIEANLR(A) APLUT(A,) R (A EWE(A,) FIARE(A) S5 A IR0, 5 L8Ry
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Fig.6 Content of soil nutrients in different areas
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Fig.7 The differences of nutrient content between different areas
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% 4 Spearman HHXMDITER

Table 4 Results of Spearman correlation analysis

UM iR I A ’
. Lo orrelation Sig . L. Correlation Sig
Soil nutrient indexes . Soil nutrient indexes .
coefficient coefficient
FHHLK(A,) Organic carbon -0.627 0.039 2T (A,) Total phosphorus -0.364 0.272
ﬁmﬁﬁ:(Az ) Organic matter -0.627 0.039 ﬁﬁi@?(/g ) Available phosphorus -0.609 0.047
2% (A;) Total nitrogen -0.582 0.060
3 i x5 EHANHER
Table 5 Results of principal component analysis
I e L g A A/ =Y N . ES
3.1 ﬁj%gﬁé{%i %1%%{}[L)}%ﬁth‘fﬁ i%%éﬂ:ﬂﬁ: Principal component score
B RS2 Al HURIRLRY 7 T e e a2 il 2 Soil nutrient indexes |
g?ﬂ?‘é‘{ﬁ,ﬁﬁﬁ”%ﬁ%i&%ﬁ%%*ﬂﬁ%@ﬁ%ﬁg, HHLEK(A,) Organic carbon 0.967
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