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Roots increase the resistance of 
soils to fluvial erosion
The annual costs of sediment pollution in 
North America alone approach $16 billion1. 
Since root density affects soil erodibility, a 
simple tool to predict root density by 
measuring aboveground vegetation and 
standard soil properties could potentially be 
used to predict streambank erodibility.

Measuring root density is difficult 
and time consuming
Due to the significant time and effort 
involved with sampling, cleaning, and 
measuring root density, the development of 
relationships to predict root density from 
aboveground vegetation would significantly 
reduce the time required to estimate the 
extent of root reinforcement for stream 
restoration design or bank stability 
assessment. 

The goal was to use aboveground 
vegetation measurements to 
estimate root density
The study goal was to compare root density 
on the bank face for woody and herbaceous 
riparian vegetation and to develop empirical 
models to predict root length density (RLD) 
from soil physical properties and above 
ground vegetation measurements.  If 
successful, these relationships relating RLD 
or root volume ratio (RVR) to aboveground 
vegetation quantities and soil physical 
properties could be combined with existing 
relationships between soil erodibility and 
RLD or RVR, allowing streambank soil 
erodibility for vegetated streambanks to be 
predicted based on easily measured site 
parameters.

Root and vegetation data were 
collected from sites across SW VA
Twenty-five field sites were established along 
six streams near the Town of Blacksburg in 
southwest Virginia (37o15’ N, 80o25’ W). Root 
samples were taken from the streambanks
from May to August of 2003. A 7-cm diameter, 
15-cm long, soil corer was used to take six soil 
cores at each site, three on the upper bank and 
three on the lower bank. Root length and root 
volume were measured for each of five 
diameter classes: very fine (< 0.5 mm), fine 
(0.5-2.0 mm), small (2-5 mm), medium (5-10 
mm), and large (10-20 mm). Soil properties that 
affect soil erosion were also measured. To 
estimate the amount and growth form of 
aboveground vegetation, groundcover, shrubs, 
and trees were measured using 1 m2, 25 m2, 
and 100 m2 nested quadrats, respectively, from 
June to August of 2002. Three sets of nested 
quadrats were measured at each field site.

Regression analysis was used to 
link RLD and RVR to aboveground 
vegetation and soil properties

Coefficients of determination (r2) ranged from 
0.42 for predictions of very fine RLD to 0.15 for 
predictions of big RVR. Bulk density accounted 
for as much as 31% of the variation in very fine 
RLD and 24% of the variation in fine RLD in the 
lower bank. Bulk density occurred as a 
significant parameter in 9 of the 16 statistically 
significant regressions and was the only soil 
parameter to be significantly correlated to both 
RLD and RVR. Measures of aboveground 
vegetation accounted for 15-27% of the 
observed variability in RLD and RVR.
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The majority of the roots in the 
bank face were less than 2 mm in 
diameter, with very fine roots (< 
0.5 mm) representing 54% and 
8% of the overall RLD and RVR, 
respectively, and fine roots (0.5 –
2.0 mm) constituting 44% and 
45% of the total RLD and RVR, 
respectively. While outliers were 
common, RLD and RVR were 
fairly uniform across the 
streambanks with no statistical 
differences between the upper 
and lower bank, likely due to 
vegetation growing on the bank 
face at many of the sites. This 
uniform root distribution could 
also indicate the bank face is a 
preferred location for the growth 
of small diameter roots. Perhaps 
the bank face protects roots 
providing greater aeration in 
saturated banks or a higher 
moisture content in drier banks 
due to precipitation and changes 
in stream stage.

Aboveground vegetation was linked 
to soil erodibility through RVR using 
an existing relationship

The following relationship2 relates soil 
erodibility with the RVR of big roots (2-20 mm 
diameters) and soil bulk density:

Combining this equation with the predictive 
equation above for the root volume ratio for 
roots with diameters 2 - 20 mm (BRVR) in the 
upper bank produces the following relationship 
between soil erodibility, bulk density, and the 
tree BSA for the upper streambank:

Because soil and vegetation properties are 
highly variable, it is recommended that the 
relationship for soil erodibility developed in 
this study be used with caution and considered 
as only preliminary. The relationships 
presented here should be verified with the 
collection of more field data under a range of 
conditions before application for stream 
restoration design or watershed modeling.


