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Effects of plant root systems on preferential flow in forest ecosystems
ZHANG Yinghu, NIU Jianzhi*, ZHU Weili, HAN Yini, DU Xiaoqing, CHEN Shangjie

Key Laboratory of Soil and Water Conservation and Desertification Combating ,Ministry of Education ,School of Soil and Water Conservation , Beijing Forestry

University, Beijing 100083, China

Abstract; The study of the transportation of soil water and solutes, especially preferential flow, is a hot topic in pedology,
ecology, and related environmental fields. Preferential flow, now recognized as a common pedological phenomenon,
generally occurs without reaching equilibrium or as a non-uniform, random, highly variable process both spatially and
temporally and is essentially unpredictable. Preferential flow and soil matrix flow are two typical permeating patterns of water
flow and solute transport. Flow in soil matrix pores at the pedon scale results from spatial variation in soil texture and bulk
density ; it is affected by the presence of stones or rock fragments and by the ability of some substrates to repel water. Flow
in large, continuous pores or macropores at the pore scale arises from different soil interactions such as biopores formed by
root systems and macrofauna, cracks formed by freeze and thaw or shrink/swell circles, as well as voids formed by
irrigation, cultivation, and tillage. Consequently, preferential flow results in complex flow patterns that bypass the normal
soil matrix patterns; this increases the risk that pollutants (e.g. heavy metals, radionuclides) will reach greater soil depths
than would otherwise occur or that this also may allow pollutants to even reach the groundwater. Many factors control
preferential flow including soil bulk density, soil structure, soil moisture content, rainfall intensity and tillage systems.
Plant roots and other abiotic factors are some of the most important factors influencing preferential flow. In particular, the
growth of plant roots influences the process of preferential flow. Obviously, root growth is a dynamic process and involves the

formation of a continuous macropore network; plant roots may also create a series of well-connected pores that enhance
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preferential flow. Plant roots are widely known to play a key role in the development of preferential flow at the plot scale,
but a quantitative description of the interaction between plant roots, the development of micropores and preferential flow is
still a major challenge in preferential flow studies. This study investigated a forest ecosystem located in Jiufeng National
Forest Park, Beijing, China, with the goal of characterizing and quantifying the effects of plant roots on preferential flow
and the related complex interactions. Field dye tracing methods and laboratory experiments were applied to confirm and
evaluate changes in root length density and root biomass along preferential pathways as well as in the soil matrix. Results
indicated that 1) root length density, in general, decreased with an increase in soil depth. Root length density was larger in
preferential pathways than in the surrounding soil matrix and was 66.7% , 88.9% and 88.3% for plant roots with a diameter
(d) of<l mm, 1< d<3 mm and 3<d<5 mm respectively. 2) The contribution of plant roots d<1 mm to preferential flow was
almost 94.8% for all experimental plots, while it was 4.3% and 0.9% for plant roots 1<d<3 mm and 3<d<5 mm,
respectively. 3) The proportion of root biomass in the preferential pathways larger than in the soil matrix was 66.7% for all
experimental plots. Evaluating the effects of plant roots on preferential flow will help researchers to better understand the
factors controlling soil water and solute transportation and may prevent subsurface flow and groundwater being polluted for
forest ecosystems containing relatively more plant roots and stones, especially allowing for protection of the environment from

pollution.

Key Words:; preferential flow; preferential pathways; soil matrix; root length density; root biomass; Jiufeng National

Forest Park
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Table 1 Basic physical properties of soil in experimental plots

W5 +IAKE SALBREE EEILBREE FEE LB
Experimental plots Soil moisture/ % Total porosity/ % Capillary porosity/ % Non-capillary porosity/ %
E#L 1 Sophora japonica Linn.1 15.83 44.13 30.52 11.12

[E 4 2 Sophora japonica Linn.2 12.68 44.76 34.89 13.21

MIF4 1 Platycladus orientalis Franco 1 13.79 46.72 21.58 12.43

WK1 2 Platycladus orientalis Franco 2 12.13 46.53 38.34 10.13

Hith 1 Quercus dentata Thunb. 1 13.86 45.87 38.54 10.26

Hith 2 Quercus dentata Thunb.2 11.31 46.56 35.67 11.82
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Fig.1 Effects of plant root systems on distribution of dying tracers in soil profiles
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Table 2 Changes of mean value and standard error of root length density refer to root diameter and soil depth

R Z R Root diameter/mm +HERE Soil depth/cm

Root systems and soil d<1 1<d<3 3<d<5 0—10 10—20 20—40
<55 i 1)

Zﬁvijaje%ag]{eﬁof root length density/ ( mm/100cm?) 2200 100 2 2836 2249 1878

FrifE2 Standard deviation 1140 61 18 966 983 1490

AR5 ZHU Coefficient of variation 0.518 0.610 0.857 0.341 0.437 0.793
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Fig.4 Relationship between dye coverage and root length density for different vegetation types ( Sophora japonica Linn., Platycladus orientalis

Franco, Quercus dentata Thunb.)
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Fig.5 Changes of root biomass in preferential pathways and soil matrix for different vegetation types
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Table 3 Variation of root biomass between preferential pathways and soil matrix

S X Preferential pathways

FE T X Soil matrix

WA AW I E

AR YR

TR PRifE2E A2 5 RAL PRifE2E 2 5 7 A
. Average value of o Average value of L
Soil depth/cm . Standard Coefficient . Standard Coefficient of
root biomass/ o o root biomass/ o o
3 deviation of variation 5 deviation variation
(g/100cm™) (g/100cm”)
0—10 0.261 0.093 0.356 0.227 0.167 0.736
10—20 0.268 0.136 0.507 0.162 0.079 0.438
20—40 0.197 0.132 0.670 0.122 0.058 0.475
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