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Abstract: [Objective] Root system architecture (RSA) has a significant effect on water uptake and nutrient absorption.
However, relevant indices for the quantification of crop RSAs are limited to 2D fractal analysis. Analytical tools for 3D fractal
analysis on crop RSAs are lacking. Thus there is a need to investigate the related parameters and operational procedures suitable for

the analysis of the 3D characteristics of crop RSAs. [Method] A self-fabricated digitizer for crop RSAs was used to measure the
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topological parameters of the field-grown wheat root, and the spatial dimensions of wheat RSAs were obtained. Virtual wheat RSAs
were then modeled and reconstructed with Matlab programming, which guaranteed a realization of the real-world wheat RSAs with
virtual reality. The fractal theory was then introduced into the computing software to calculate the fractal parameters of the modeled
virtual wheat RSAs, including 3D fractal dimension, 3D fractal abundance, 2D fractal dimension, 2D fractal abundance and total root
length. These parameters were used to quantify the dynamics of wheat RSAs, in both the 2 experimental years and the 2 tillage
treatments. Correlations among 3D fractal dimension, 3D fractal abundance, 2D fractal dimension, 2D fractal abundance and total
root length were also analyzed. [Result] It was found that all the RSA-related parameters were steadily increased along wheat
developmental stages, in either different years or under different tillage treatments. Differences between the 2 years appeared as the
2010-2011 crop season revealed a steady increase of RSA-related parameters, while the 2011-2012 crop season observed a more
radical increase of root elongation rate. A comparison between the 2 years revealed that tillage treatment had a contrasting effect
from year to year, with a better crop performance under rotary till than no-till in the first year, whereas the no-till treatment in
2011-2012 outperformed the first year. At the early stage (0-98 d), the crop season had pronounced influences on wheat RSAs, as
compared with tillage treatments. At the ensuing stage (98-112 d), however, annual difference of wheat RSA parameters was as
similar as the tillage treatments. A comparison between 3D fractal parameters with the 2D parameters revealed that 3D parameters
were markedly contrasted with the 2D parameters, indicating that introducing the 3D parameters for crop RSA analysis is necessary.
Disregard annual difference and tillage treatment, all the dynamics of 3D fractal dimension, 3D fractal abundance, 2D fractal
dimension, 2D fractal abundance and total root length satisfied power law functions and were all co-related significantly. This means
that the effects of crop season and tillage treatment were only related to the coefficients of the power law models. [Conclusion] It
was concluded that the visualization and analytical tools developed with hardware and software integration and combined with
fractal theory was a guarantee for precise quantification of crop root system architectures. Such an analytical tool allows recasting the
spatio-and-temporal dynamics of field crop RSAs with modeled virtual roots. 3D fractal parameters could be used as a precision
analytical tool for crop RSAs. In selecting root elongation tactics and optimizing the root-soil interactions an important consideration
should be taken to match the crop root with its soil environment and the tillage system.
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Table 1 Precipitation and mean temperature of wheat growing

period
MRENi ) ] SER
Testing time Precipitation (mm) Mean temperature ('C)
2010— 11 H November 7.6 11.9
2011 12 H December 24.0 6.5

1 H January 10.8 -0.1

2 /1 February 17.2 5.0

3 H March 432 9.4

4 F April 11.6 17.0
2011— 11 H November 213 14.7
2012 12 H December 15.8 42

1 H January 21.0 2.9

2 F1 February 73.3 3.0

3 A March 79.3 9.0

4 F April 56.2 17.9
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3D presentation of wheat root system architecture
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Fig. 2 2D projections of the wheat root system architecture in three directions
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Fig. 4 Flow chart of the program for calculation of fractal

analysis of root system
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Fig. 5 Dynamics of 2D fractal dimension of wheat RSA in different years and under different tillage treatments
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Fig. 6 3D fractal dynamics of wheat RSA in different year and under different tillage treatments
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Table 2 Correlations between root length and fractal dimensions in different year and under different tillage treatments

A6 I TR Gt No-tillage HERF Rotary-tillage
Testing time IR L MR R IR Rt MR K R
Correlation function Correlation coefficient Correlation function Correlation coefficient

2010—2011 L=1.74¢>*" 0.87 L=0.78¢%**" 0.82
L=4.20¢" " 0.99 L=2.2396¢*"3" 0.97
L=1.95¢>!6FP 0.81 L=0.83¢5%3P 0.84
L=3.29¢76FA 0.99 L=2.21¢" %A 0.99

2011—2012 L=3.29¢>"%1 0.97 L=8.88¢""™ 0.97
L=3.19¢*"% 0.99 L=6.75¢"7°® 0.96
L=3.98¢"6%P 0.98 L=7.95¢>%6P 0.95
L=3.33¢!81FA 0.99 L=5.81¢" 0.96

L ARRBHMARB K, fd RERARF =G BAERL fa RERIRRM =B, FD AURIAR =B Ye 8, FA RERARK =40 B+

L means the total root length of a plant, fd means 2D fractal dimension of root system, fa means 2D fractal abundance of root system, FD means 3D fractal

dimension of root system, and FA means fractal abundance of root system
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