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Fig.1 Relationship between root tensile force and diameter of
three different Broadleaf species
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Fig.3 Crosscut figures of different roots
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Table 1 Three different root under different root diameter of anatomy structure of average area percentage
b HA#/mm FHE% L EA) IR % AREFUEI% B (4D
species Root diameter/mm Vessel/% Xylem ray/% Phloem/% Wood fiber/% B
3 9.65 7.84 38.75 41.34 30
I 5 11.15 8.00 34.66 43.64 30
Betula platyphylla
7 14.61 9.44 30.84 44.59 30
3 7.25 7.83 42.78 4437 30
el . 5 8.33 6.24 40.62 46.67 30
Ulmus pumila
7 7.79 727 37.36 48.69 30
. 3 17.52 7.71 35.01 40.59 30
itk . 5 18.10 8.30 32.18 42.44 30
Quercus mongolica
7 20.73 10.66 28.53 43.11 30
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PRI R R
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3 PR, MRS ARG 7R 45 R o)

4.1
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Table 2 Multiple linear regression equation of single root tensile force and main structures
R g £ AL R HERH R
Root diameter/mm species Multiple linear regression equation ((ijoefﬁc.lent‘ of P
etermination
S} ¥1=1.637E°+0.787.X,+0.024X+0.38 1 Xg+0.352.X, 0.732 <0.05
3 Kkt Y1=2.173E"%+0.536.X,+0.152X+0.323 X5+0.207.X, 0.656 <0.05
2R Y1=1.934E"°+0.674X,+0.132X+0.268 X5+0.155X, 0.673 <0.05
[Sp i Y1=2.735E"°+0.867.X,+0.034X+0.53 1 X5 +0.347.X, 0.735 <0.05
5 Kkt Y1=4.002E"'%+0.443X,+0.171.X+0.234X5+0.215X, 0.628 <0.05
ET ¥1=2.108E°+0.557.X,+0.138X+0.278 Xg+0.235 X, 0.776 <0.05
S} Y1=3.724E%+0.625X,+0.057X+0.476 X5+0.347 X, 0.569 <0.05
7 by ¥1=5.623E"%+0.772X,+0.158 X+0.358 X5+0.225 X, 0.693 <0.05
% bk ¥1=2.783E°+0.634X,+0.142X+0.289 X5 +0.276 X, 0.592 <0.05
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Table 2 Multiple linear regression equation of Single root tensile strength and the main structures

RARFIE Rl - BRI PE R R o Pl
Root diameter/mm species Multiple linear regression equation Coefficient of determination

S} Y,=1.786E"°+0.379.X,+0.883 X:+0.013 X+0.324X5+0.105Xy 0.752 <0.05

3 by Y,=2.205E"+0.447X,+0.572X:+0.263 Xs+0.402.X+0.2 74Xy 0.643 <0.05

5 ikk Y>,=6.342E"7+0.392.X,+0.6 75.X5+0.025.X,+0.353 X5+0.231 X, 0.627 <0.05

[Sp i Y,=1.990E"°+0.456.X,+0.932.X:+0.006.X;+0.234X5+0.105.Xy 0.689 <0.05

5 b Y,=2.050E"%+0.347.X,+0.385X5+0.23 Xs+0.289 X5 +0.274.X, 0.549 <0.05

2R ¥,=8.860E7+0.265.X,+0.72X5+0.039X+0.252.X3+0.23 1.X, 0.534 <0.05

[Sp i Y,=1.592E"%+0.387.X,+0.793.X3+0.025.X:+0.272.X5+0.105.Xy 0.687 <0.05

7 L) Y,=3.153E"%+0.428X,+0.528 X5+0.12X+0.324 X +0.274X, 0.559 <0.05

SR Y,=7.778E"7+0.273.X,+0.722 X5+0.024Xs+0.23 1. X5+0.23 1 X, 0.723 <0.05
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Relationship between tensile properties and microstructures of
three different broadleaf tree roots in North China

Jiang Kunyun, Chen Lihua™, Gai Xiaogang, Yang Yuanjun
(Key Laboratory of Soil and Water Conservation and Desertification of Education Ministry, College of Water and Soil Conservation,
Beijing Forestry University, Beijing 100083, China)

Abstract: Forest vegetation is known to increase slope stability by reinforcing soil shear resistance, and root
tensile properties are important factors to consider when choosing suitable species for reinforcing soil on an
unstable slope. The macroscopic properties are determined by the microscopic structure; as a result, the
microscopic structure of roots needs to be further observed to help us understand the relationship between the
soil’s mechanical properties and the microstructure of roots. We chose three common broadleaf species (Betula
platyphylla, Quercus mongolica, Ulmus pumila) in North China and carried out several experiments, including
single-root tensile tests, root anatomical-structure tests, and wood-fiber segregation experiments. To analyze
data from those experiments, we used multiple regression and analysis of variance (ANOVA) in order to
determine the relationship between root tensile properties and selected anatomical structure. Results showed that
in all species a significant power relationship existed between tensile properties and root diameter (R*>0.8). The
root tensile force increased with increasing root diameter, but root tensile strength increased with decreasing root
diameter. According to the results of root tensile tests, we found that Ulmus pumila was the most resistant to
failure, followed by Betula platyphylla and Quercus mongolica. Through the observation of microscopic sections,
the root anatomical features of three kinds of broadleaf species were the same as those of their trunk, and wood
fiber was the main anatomical feature in the root. According to the multiple regression models, the area
percentage of wood fiber in the root cross-section (short for the area percentage of wood fiber), the area
percentage of phloem in root cross section (short for the area percentage of phloem), and fiber dimensions
affected single roots’ tensile properties. The percentage of wood fiber area was the most important impact factor
on root tensile force, exhibiting positive correlation. The percentage of phloem area had the biggest influence on
root tensile strength. Wood fiber length, the length-width ratio of wood fiber, and the ratio of cell wall to cell
cavity also affected tensile properties, but their quantitative influence was less than other factors. Although the
area percentage of phloem affected root tensile strength, within a given species there was no significant difference
in different root diameter. From the measurement of wood fiber in roots, we found that wood fiber size and type
were different in the three selected species. The quantity of wood fiber increased with increasing root diameter,
but the size of wood fiber varied only slightly. In three different broadleaf species’ roots, the related index
(including the percentage of wood fiber area, the percentage of phloem area, and the fiber dimensions) of Ulmus
pumila was higher than that of Betula platyphylla and Quercus mongolica in the same diameter; that is to say,
Ulmus pumila had better tensile properties than the other species. In accordance with the root anatomical features,
fiber dimension, and tensile properties, Ulmus pumila, the roots of which have a better ability to reinforce soil on
unstable slopes, is an appropriate broadleaf species for soil and water conservation.

Key words: tensile properties, microstructure, fibers, water conservation, broadleaf Plant’s roots



