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Fractal Geometry in Root Systems: Quantitative Evaluation of Distribution Pattern: Jiro TATSUMI
(Faculty of Agriculture, Nagoya University ; Present Address : Faculty of Agriculture, Kobe University, Rokko-dai, Nada-ku,
Kobe 657, Japan)

Abstract : In order to describe root distribution quantitatively, fractal analysis was applied to root systems. Root
systems of soybean and garden pea seeldings grown in narrow root boxes (30X 41X2 cm) were sampled with
minimum disturbance of root arrangement using the root box-pin board method. Root samples were taken on
15, 25 and 41 days after sowing for soybean and 30, 55 and 94 days after for graden pea. The harvested root
system was spread on the scanner bed connecting to a personal computer (Macintosh Ilcx), and the root image
was digitized with a 256 gray scale and 144 DPI resolution. Each image stored on a magneto-optical disks loaded
on a MO disk drive (Reo drive, Yano Electric) was analyzed by the NIH Image software (ver. 1.5) running on
a Macintosh computer (Quadra 800). The fractal dimension (D) of root images was estimated by counting the
number of pixels constituting root image at various resolutions (box-counting method). D increased as the root
system developed. D of the lower half (D/) increased slowly compared with that of the upper half. This changing
pattern of DI corresponds well to the slower development of roots into the lower soil layer. The linear positive
correlations were found between D and total root length (L) and between D and root projection area (PA). The
correlation coefficients between D and L, and between D and PA were lower than that between L and PA. In
soybean correlation coefficient between D and L was lower than graden pea, particularly in the lower half of the
root system. These results indicate that fractal analysis is applicable to root systems, and that the D can be an
effective parameter describing root morphology quantitatively.

Key words : Fractal, Root box, Root length, Root morphology, Root system.
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Fig. 1.
and low (D. E, and F) fertilizer levels.

Digitized images of soybean root systems grown in root box soil with high (A, B, and C)

A;15dold (D =1.458, Du=1.504, D/=1.343), B ;25 d old (D=1.537, Du=1.462, D/=1.586), C;
41 d old (D=1.538, Du=1.521, DI=1.550), D; 15 d old (D=1.427, Du=1.427, DI=1.394), E ; 25
d old (D=1.484, Du=1.484, DI=1.483), and F; 41 d old (D=1.536, Du=1.498, DI=1.560).
Compound fertilizer (N, P, K=8, 8, 8%) was applied at the rate of 0.3g (high fertilizer) or 0.
1g (low fertilizer) per 3 kg of root box soil. Du and D/ indicate D in upper and lower half of
the root system, respectively. Images are printed out in 72 DPI resolution.
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Fig. 2. Changes in fractal dimension (D) of the
root system of soybean seedlings grown with
high (upper figure) and low (lower figure)
fertilizer levels after sowing. Symbols in
figures are:closed circle;the whole root
system, open/closed square ; upper/lower
half of the root system. Bars indicate twice
standard error of the mean (n=3). Plots with
no error bars indicate mean of the duplicate.
See Fig. 1 for fertilizer level.
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Fig. 3. Digitized images of garden pea root systems grown in root box soil with high (A, B, and C)
and low (D, E, and F) fertilizer levels.
A ;30 d old (D=1.495, Du=1516, DI=1.410), B;55d old (D=1.602, Du=1.653, DI=1534), C;
94 d old (D=1.711, Du=1.703, D/=1.718), D; 30 d old (D =1.521, Du=1.557, DI =1.459), E ;55 d
old (D=1.594, Du=1.656, D!=1.487), and F ;94 d old (D=1.677, Du=1.685, DI/=1.667).
See Fig. 1 for fertilizer level. Du and D! indicate D in upper and in lower half of the root system,
respectively.
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Fig. 4. Changes in fractal dimension (D) of the
root system of graden pea seedlings grown
with high (upper figure) and low (lower
figure) fertilizer levels after sowing. Sym-
bols in figure are:closed circle;the whole
root system, open/closed square;upper/
lower half of the root system. Plots indicate
mean of the duplicate. See Fig. 1 for fertilizer
level.
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Fig. 5. Relationship between D and length of
the root system of soybean seedlings. Sym-
bols are:square;upper half, and circle;
lower half of the root system. Open and
closed symbols indicate high and low ferti-
lizer levels, respectively.
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Fig. 6. Relationship between D and length of
the root system of garden pea seedlings.
Symbols are : square ; upper half, and circle;
lower half of the root system. Open and
closed symbols indicate high and low ferti-
lizer levels, respectively.
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Table 1. Correlation coefficients among root parameters of soybean and garden pea

seedlings grown in the root box with high or low fertilizer".
High fertilizer?

Low fertilizer

Plants Parameters® Upper?  Lower Whole Upper Lower Whole
Soybean
D~L 0.740™ 0.820 0.837 0.711™ 0.907 0.982
D~PA 0.836 0.853 0.851 0.721™ 0.984 0.971
L~PA 0.970 0.991 0.989 0.974 0.934 0.997
Garden pea
D~L 0.973 0.990 0.987 0.950 0.895 0.939
D~PA 0.985 0.994 0.995 0.970 0.988 0.957
L~PA 0.989 0.999 0.996 0.990 0.998 0.991

Y Fitted by regressin lines.

2 Compound ferilizer (N, P, K=38, 8, 8%) was applied at the rate of 0.3g (high fertilizer) or
0.1g (low fertilizer) per 3kg of root box soil.

% D, fractal dimension, L ; total root length, PA ; projction area of root systm.

4 Paraeters were determined for the area of upper half, lower half, and the whole root system.
Each value in the table is significant at 1% level (n=8 for soybean and n=6 for garden pea),

except the values with “ns” symbol.
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