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Summary

Two kinds of fractal analyses, plane and cubic, on the structure of root systems were
conducted using several plant species, soybean (Glycine max Merr.), kidney bean
(Phaseolus vulgaris L.), alfalfa (Medicago sativa L.), adzuki bean (Phaseolus angularis 1.},
peanut (Arachis hypogaea L.), cowpea ( Vigna sinensis Endl.), and maize (Zea mays L.), in
order to determine the factors that affect the fractal dimension (D).

For the cubic analysis, plants were grown in 40 cm long, 90 cm deep and 40 cm wide
boxes filled with loam soil. The detection of root existence in each soil cube was made by
eye-inspection. For the plane analysis, plants were grown in root boxes made from a half
of Wagner pot having a transparent plastic plate on one side. The photo-image of roots
which could be observed through the plastic plate were taken at several growth stages and
used for analysis. The detection of root was made in cubic units of side 1, 2, 4 and 8 cm
in cubic analysis and in square units of side 1, 2, 3, 4 and 5 cm in plane analysis. The fractal
dimension (D) was determined as a regression coefficient between logarithms of the side
length of cubes or squares and thier numbers in which root existed.

As a result of cubic analysis, it was clarified that the highest fractal dimension
indicating high root branching was marked right below the soil surface, but it decreased
with depth (Fig. 2). On the other hand, the fractal dimension in the vertical soil profile was
low near the tap root, increased as the distance from the tap root increases, and decreased
in further distant profile as shown in Fig. 3. In the case of plané analysis, the fractal
dimension increased gradually and reached to the plateau according to the growth stages,
and the overall tendency was similar among species (Fig. 4). Moreover, a close relation-
ship was recognized between the fractal dimension and the shoot growth (Table 2).
Results suggested that the fractal dimension could be a useful parameter for determination
of the structure of root systems.
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Fig. 1. Measurement of fractal dimension. Fig. 2. Change of fractal dimension of soybean

root system with soil depth in cubic analy-
gis.
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Table 1. Comparison of fractal dimension of root
system among plants by cubic analysis
made at harvest stage.

Soil depth (cm) Kidney bean Alfalfa Maize Soybean
0-20 2.86 2.34 2.98 2.92
20~40 2.88 1.85 2.98 : 2.87

40-60 2.86 2.21 2.99 2.84
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Table 2. Coefficient of correlation between fractal
dimension and growth of above ground part.

Plant height Number of leaves

Maize 0.97 = = (.98« =
Cowpea (.86 =+ 0.89» =
Alfalfa 6.51 0.70 =
Kidney bean ~ 0.92+ = 0.79» =
Soybean 0.93 = = 0.82= »
Azuki bean 0.75 = 0.78 =
Peanut (.88 = = 0.76 *

+, == = [ Significant at 5 and 1 % level.
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