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Table 1 Relationship betw een the breaking force and the root diameter of the lateral roots
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Table 2 Distribution and mean root area ratio of the lateral roots of Yunan pine

cm Imm 4mm 8mm 14. Smm 24. Smm %)
0~20 32.50 11.88 3.63 1.38 0.13 0. 64
20 ~ 40 33.13 8.50 4.38 1. 50 0.13 0. 65
40 ~ 60 15.25 5.75 1. 50 0. 88 0.24 0. 42
60 ~ 80 9. 88 2. 63 0.5 0. 88 0 0. 21
80~ 100 3.75 0 0 0 0 0.003
100 ~ 120 0. 75 0 0 0 0 0.003
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TRACTION EFFECT OF LATERAL ROOTS OF TREES
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Abstract

The use of vegetation has been a major approach in tackling the even more serious ero-

sious problem in the upper stream of Yangtze Rivers Southwest China. An, indigenous, pine



tree ( Pinus yunnanensis French, called * Yunnan Pine’ Jhas been used as one of the best and
most highly-recommended species for this purpose, because its suitable bio-ecological charac-
teristics. During the last few years, large areas of suitable mountain slopes have been reforest-
ed; using this pine tree. However, the mechanical effect of this tree on erosion control is not
clear, and lack of this knowledge has greatly hampered research and practice in conservation,
using the pine forest.There is, therefore, a great and urgent need to investigate the role and
the effects of the Yunnan pine, and this need is addressed in this paper.

A traction effect, arising from mechanical interaction between lateral roots and the soil,
refers to the mechanical effect of lateral to horizontal roots, normally in shallow soil, to en-
hance the in-plane tensile strength of soil in the rooted soil zone. It is an im portant aspect of
soil reinforcement, and believed to exist also in the Yunnan pine trees, which could be able to
provide stabilizing role on the rooted soil; through their traction effect. This study further de-
veloped a model for quantifying the root traction effects based on some previous models, w hich
quantify the mechanical interaction between soil and single roots being extracted from the
soil. To quantify the traction effect of the Yunnan pine, a mumber of coefficients were ob-
tained from field. The quantification of this kind and the model developed are used for the
first time in the world, and some preliminary results have been achieved.

Accrding to some field samplings, the result indicates that the force required to break
thin roots rises rapidly with an increase to the root diameter, and the root tensile strength de-
creased as the diameter increase. A mathematical strength-diameter relationship was ob-
tained, with which and the examining results of root distribution in the soil profile, the poten-
tial magnitude of traction effect was predicted. The modeling results show that, in the upper
soil layers(0 ~ 60cm ), the lateral roots can provide an average pull-resistance force of up to
average 3634. 63N on a vertical cross-section area of 1000cm’. The total traction force is
tremendous, up to 4169.44 N in the top depth interval of 0 ~21em, and is even slightly high-
er in the interval of 20 ~40cm depth, corresponding to the denser roots there. The force then
falls quickly with increasing soil depth and root density. Under the influence of the force, the
lateral roots increase the tensile strength of the rooted soil to diferent extents at different
depth intervals. The calculation shows that, the increased values of maximum tensile strength
are most considerable at depths of 0 ~ 20cm and 20 ~ 40cm. The average increase is
36.35kPa. The results imply that, the lateral roots of trees, through their traction effect, are
able to mitigate against shallow instability in the forested slopes, such as shallow slide and

creep, at a certain degree.
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