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Abstract: Root growth is related to the acquisition, distribution, and consumption of water and nutrients 
of plants. As a vital organ, roots directly take the effect of environmental change and its behavior is 
closely related to the growth of the whole plant. With such, the importance of root systems has motivated 
botanists to seek a better understanding of root branching complexity. This complexity, which has been 
difficult to comprehend using simple Euclidean methods (i.e. lines and circles), is important to the 
survival of plants, especially when the distribution of resources in the environment is scarce. 
Mathematical models using fractals and computers can be applied to accurately understand the growth 
and form complexity of plant root systems. This study was conducted to analyze the root growth of 
gamma-irradiated cashew and mangosteen using fractals. [Nature and Science. 2005;3(1):59-64].  
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1 Brief Summary 

 
Seeds of cashew (n=360) gamma-irradiated at 0 

Gy, 150 Gy, 300 Gy, 450 Gy, 600 Gy and 750 Gy, and 
mangosteen (n=75) gamma-irradiated at 0 Gy, 10 Gy, 
20 Gy, 30 Gy, and 40 Gy were germinated in perlite 
plots. The plants’ primary root lengths were measured. 
Image analysis using Fractal Dimensions software was 
conducted to determine the fractal dimensions, D, of the 
plant roots. 

Findings for mangosteen reveal that as the gamma-
irradiation dose increases, the primary root length 
decreases and the root D increases. Roots irradiated at 
40 Gy showed the highest average D at 1.657. This 
implies greater root branching complexity which results 
to better plant nutrient exploitation efficiency. For 
cashew roots, D did not vary significantly with 
increasing gamma-irradiation dose. However, cashew 
seeds irradiated at 150 Gy exhibited the highest 
germination rate, highest average primary root length, 
and an average D of 1.613. General trends also reveal 
that cashew roots’ D increased with time. 

This study demonstrates that fractal dimension can 
be a useful tool in characterizing the complex branching 
characteristics of root systems. This may pave the way 
for further applications of fractals in other areas of 
research. The findings from this study can also be used 
to improve the production of cashew and mangosteen 
which are the two of the world’s most economically 
valued fruits.  
 
2 Brief introduction 

As people's views on using modern means such as 
computers extend, it has been difficult to use traditional 
methods like simple lines and circles to comprehend 
biological systems. Biological systems, like root 
branching, display fragmentations that cannot be 
modeled and comprehended by simple shapes alone. 
Mathematical models using fractals have recently been 
applied to explore the relationship between plant growth 
and structure.   

A. Problem 
Complexity in root systems, which reflects nutrient 

exploitation efficiency, is important for plant survival, 
especially when the distribution of resources in the soil 
environment is scarce. However, root complexity is 
difficult for scientists and researchers to study.  

B. Objective 
This research study was conducted to analyze and 

compare the root growth branching patterns of gamma-
irradiated cashew and mangosteen using fractals. 

C. Significance 
� The study addresses the real-world problem of 

making accurate quantitative observations 
regarding root growth. The fractal dimensions 
may reflect the plants’ root branching 
complexity and reflect nutrient uptake 
efficiency.   

� Since radiation causes genetic mutations, 
fractal analyses of root patterns in gamma- 
irradiated cashew and mangosteen provide 
information on the growth mechanisms of 
these plants.  Data from this study can be used 
to improve the agriculture and production of 
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cashew and mangosteen which are 
economically valued fruits.   

 
3 Detailed introduction 
 
A. Background of the Study 

The emergence of forms in the growth process, like 
root branching, is one of the most exciting problems in 
biology. Most biological systems, like root branching, are 
difficult to comprehend, displaying fragmentations which 
cannot be easily modeled by simple shapes (Kaandorp, 
1994). Mathematical models using fractals have recently 
been applied to explore relationship between growth and 
form (Kenkel & Walker, 1996). Cashew (Anacardium 
occidentale L.) and mangosteen (Garcinia mangostana L.) 
are one of the most recognized tropical fruits. Both have 
universal appeal and high economic values because of their 
quality in color, shape and flavor. 
 
B. Statement of the Problem 

The demand on cashew and mangosteen often 
exceeds supply. Further studies about the growth and 
agriculture of both are needed. Also, the qualitative 
characteristics of cashew and mangosteen root systems are 
already known, the problem is to make accurate 
quantitative observations on their root growth. The major 
objective, therefore, of this study is to analyze and compare 
the root growth patterns of irradiated cashew and 
mangosteen using fractals.  
 
C. Significance 

This study would be a means of new knowledge 
about root branching growth of cashew and mangosteen. 
The fractal analysis of the root patterns of irradiated 
cashew and mangosteen can help understand their growth 
dynamics. The fractal dimensions would reflect their 
branching complexity and growth velocity. Moreover, a 
comparison of the fractal models and the actual growth 
forms can be used to detect the effects of slow changes in 
the environment, like gamma radiation.  
 
D. Scope and Limitations of the Study 

This study focuses on having quantitative 
observations on the root systems of the samples, not on 
their already known qualitative characteristics. One 
limitation of this study is that the root structure being three 
dimensional will be modeled using a two dimensional 
fractal analysis software due to the inavailability of a three 
dimensional fractals software to the author. 
 
4 Review of related literature 
 
A. Cashew 

The cashew tree is a medium-sized tree with oval 
blunt alternate leaves (Grieve, 2004). The cashew nut is 

defined botanically as the fruit. It grows externally in its 
own kidney-shaped hard shell at the end of this pseudo-
fruit, or peduncle. It is commonly found in Brazil and in 
other tropical countries. Besides being a popular food 
export, it is now being used as an alternative medicine 
against asthma, diabetes, fever, and the like. 
 
B. Mangosteen 

The mangosteen fruit, usually found in tropical 
countries, is 2-3 inches in diameter and has a thick reddish-
purple rind that covers the segmented pulp (Morton, 1987).  
It is usually eaten fresh, but can be stored successfully for 
short periods of time.  It is also canned, frozen, or made 
into juice, preserves, and syrup.  Mangosteen is also used 
as a pharmaceutical. 
 
C. Fractals 

Fractals are unusual geometric structures that can be 
used to analyze many biologic structures not amenable to 
conventional analysis (Richardson & Gillepsy, 2000). 
Mandelbrot introduced the term 'fractal', from the Latin 
fractus, meaning 'broken', to characterize spatial or 
temporal phenomena that are continuous but not 
differentiable (Kenkel & Walker, 1996). Fractals possess 
properties that include scale independence, self-similarity, 
complexity, and infinite length or detail. Fractals have been 
recently used to analyze the root architecture of some 
plants. Correlations between fractal dimension and 
topology of root systems of legume plants grown in root 
boxes were studied (Tatsumi & Takagai, 1996). It was 
suggested that when roots develop under favorable 
conditions, D is a good indicator for estimating the 
system’s size and root branching. 
 
5 Methodology  

The method used is summarized by the 
FLOWCHART (Figure 1).  
PLANT 
5.1 Plant materials and seed germination 

Cashew seeds were obtained from University of the 
Philippines Los Banos- Agriculture Department. The 360 
seeds were randomly divided into 3 blocks with 6 groups 
containing 20 seeds each. All groups were soaked in water 
for 48 hours and were randomly irradiated at 0 gy, 150 gy, 
300 gy, 450 gy, 600 gy and 750 gy. The seeds were 
germinated in plots with perlite. For four weeks, the length 
of the primary roots of the samples was obtained. The plant 
materials for mangosteen were obtained at the Philippine 
Nuclear Research Institute. The same preparation were to 
mangosteen, but the radiation doses were 0 gy, 10gy, 20 
gy, 30 gy, and 40 gy.  
 
5.2 Fractal analysis  

Roughly once a week, 9 cashew root samples per 
radiation dose (3 from each block) were digitally 
photographed. Then, 3 from 5 samples per radiation 
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dose of mangosteen root pictures were randomly 
chosen. After such, the pictures were turned into 
monochrome format. Then, fractal analyses using the 
Fractal Dimensions software’s box-counting method 
were done. The data from the fractal counting were 
tabulated and plotted on a log-log plot graph.  A linear 
regression was done to find the best fit line. The fractal 
dimension was calculated. It is equal to 1 minus the 

slope of the best fit line, relative to 1 or simply D=–
slope. 
 
6 Data and results 
 
A.  Mangosteen and Cashew Root Growth Observ- 
ations (Figures 2-4) 
B. Fractal Analysis of Mangosteen and Cashew Root 
Growth Patterns (Figures 5-7) 

 

Figure 1. Flowchart 

A. ACQUISITION OF PLANT MATERIALS

B. SEED IRRADIATION AND GERMINATION

C. OBSERVATION OF  
ROOT GROWTH 

D. ROOT LENGTH MEASUREMENT

E. FRACTAL ANALYSES

C. STATISTICAL ANALYSES (Mann-
Whitney & Kruskal-Wallis Tests)
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Figure 2. Average primary root length of 

mangosteen at increasing gamma-irradiation doses 
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Figure 3. Average primary root length of cashew at 

increasing gamma-irradiation doses 
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Figure 4. Changes in cashew (Anacardium 

occidentale L.) seed germination rate at increasing 
gamma-irradiation doses. 
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Figure 5. Changes in average fractal dimensions of 
mangosteen roots at increasing gamma-irradiation 

doses 
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Figure 6. Changes in average fractal dimension of 

cashew roots at increasing gamma-irradiation doses 
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Figure 7. Changes through time in the fractal 
dimensions of cashew roots 

 
7 Analysis and discussion summary 
 
• For mangosteen roots, fractal dimension, D, 

decreased as the primary root length increased. The 
highest gamma-irradiation dose for mangosteen, 40 
Gy, resulted in the highest D, 1.657. This high 
value implies greater root complexity, which in 
turn could result to enhanced efficiency for soil 
nutrient exploitation. 

• For cashew roots, D did not vary significantly with 
increasing radiation dose. However, primary root 
length measurements (5.40 cm) and germination 
rates (81.6%) revealed that cashew grows best at 
150 Gy. Such results might have happened maybe 
because cashew is less radiosensitive compared to 
mangostee. 

• From a cellular perspective, gamma-irradiation 
might have altered chromosomal structure (e.g. 
introduction of transitions, deletions, and 
frameshifts in the genetic material) of mangosteen 
and cashew root cells.  The radiation might have 
also affected transmission of the genetic material 
through inhibition of cell mitosis.  It is 
hypothesized that these alterations in genetic 
makeup might have led to the changes in root cell 
growth, which in turn affected the root systems’ 
complexity. 

 
8 Conclusions and recommendations 
 
• Fractals are useful in analyzing complex biological 

systems accurately. The fractal dimension (D) 
served as the summary statistic of the branching 
characteristics of cashew and mangosteen roots.  

• The best gamma-irradiation dose for mangosteen 
was 40 Gy, which showed the highest root fractal 
dimension. While the best dose for cashew was 
150 Gy. 

• In this study, the process of determining fractal 
dimensions of gamma-irradiated roots and 
correlating it to primary root lengths showed that 
variations in D exist due to plant differences 
brought about by genetic makeup (e.g. species) 
and/or environmental factors (e.g. radiation dose). 

• The fractal dimension could be of interest to 
botanists because it is directly correlated with the 
efficiency at which the roots exploit soil resources. 
The use of other types of plant species and the 
application of other forms of environmental stress, 
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like drought and mineral deficiency, is 
recommended.  

• This study may pave the way for further 
applications of fractals in other areas of research, 
especially in agricultural engineering, computer 
science and biology. Data from this research can 
also help the Philippines achieve its goal of 
attaining efficiency in crop production for 
sustainable development and global 
competitiveness. 

 
Acknowledgements 
 
• Harvard-Massachusetts Institute of Technology 

Health Sciences and Technology Division, 
especially to Dr. George Moody, and Dr. Dani 
Widawsky of Boston University for the 2-d fractals 
software and tutorials kit. 

• U.S.A. Department of Agriculture, especially to 
Dr. Yakov Pachepsky for e-mailing me references 
regarding crop growth, fractal geometry, and 
computer applications in biology. 

• Philippine Nuclear Research Institute for the 
gamma-irradiation of the seeds and perlite plots. 

• Dr. Ricardo del Rosario, former chairman and 
professor of the University of the Philippines 
Mathematics Department for all the consultations 
and paper editing. 

• Dr. Jessamyn Yazon, my science and technology 
research adviser, for her guidance during the 
experimentation process. 

• Dr. Rafael Saldana of Ateneo de Manila University 
& Dr. Yongwimon Lenbury of Thailand Mahidol 
University for their appreciation of my study. 

• My family and relatives, friends, classmates, and 
my other teachers in Philippine Science High 
School, for their support and encouragement. 

• And most of all, God, for without Him, this could 
not be achieved. 

 
Remarks 
 
• The research won 3rd Award in the 2005 Taiwan 
International Science Fair, 1st Place in the Philippine 
Science High School- Main Science and Technology 
Fair (YMSAT 2005), 2nd Place in the Intel Regional 
Fair and was a finalist in the UP Alchemes Fair. It was 
conducted when the author was in 4th year high school. 

• The author is a graduate of Philippine Science 
High School- Main Campus and a BS Mathematics 
freshman  at the University of the Philippines- Diliman. 
 
References 
[1] Bin FW. Maohua, Senwen Z. Application of fractal image 

simulation in plant root growth. Proceedings of an international 
conference on agricultural engineering. December 1999. 
Beijing, China. pp. 6-9. 

[2] Bonsol MF, Lasiste JM, Quinio MF. The effects of varying 
concentrations of growth regulators benzyladenine and 
naphthalene acetic acid and gamma irradiation on the gross 
plantlet morphology of Garcinia mangostana L. Quezon City, 
Philippines. Philippine Science High School Research Paper. 
2004:4-6. 

[3] Campbell N, Reece J, Mitchell L. Biology. 5th ed. New York. 
Addison-Wesley Pub., Inc. 2000.  

[4] Cheema A, Atta B. Radiosensitivity studies in Basmati rice. Pak 
J Bot 2003;35(2):197-207.  

[5] Deering W, West BJ. Fractal physiology. IEEE Engin Med Biol 
1992;11:40-6. 

[6] Dertinger H, Jung H, Zimmer K. Molecular radiation biology: 
The action of ionizing radiation on elementary biological 
objects. New York. Springer-Verlag Pub., Inc. 1970.  

[7] Diggle AJ. Root map—a model in three-dimensional 
coordinates of the growth and structure of fibrous systems. Plant 
and Soil Journal. 1988;105:169-78. 

[8] Eghball B, Ferguson B, Gotway CA, Hergert GW, Varvel GE. 
Fractals: a bridge to future of soil science. 1998. 
http://www.ars.usda.gov/is/AR/archive/apr98 
/frac0498.htm?pf=1 (28 September 2003). 

[9] Eghball B, Settimi JR, Maranville JW, Parkhurst AM. Fractal 
analysis for morphological description of corn roots under 
nitrogen stress. Agronomy Journal 1993;85:287-9. 

[10] Erickson ET, Atmowidjojo AH. “Mangosteen.” 2001. 
http://www.gears.tucson.ars.aq.gov/book/chap5/mangosteen.ht
m 2001;l (6 June 2004). 

[11] Eshel A. On the fractal dimensions of a root system. Plant, cell, 
and environment. 1998;21(2):247. 

[12] Faucon P. “Mangosteen.” Mangosteen (Garcinia mangostana 
L.). 2003. http://www.desert-
tropicals.com/plants/guttiferae/garcinia.html (6 June 2004). 

[13] Fitter, A.H. and T.R. Strickland. Architectural analysis of plant 
root systems. II. Influence of nutrient supply on architecture in 
contrasting plant species.  New Phytologist 1991;118:383-9. 

[14] Fitter AH, Strickland TR, Harvey ML, Wilson GW. 
Architectural analysis of plant root systems. I. Architectural 
correlates of exploitation efficiency. New Phytologist. 
1991;118:375-82. 

[15] Glenny RW, Robertson HT, Yamashiro S, Bassingthwaighte 
JB. Applications of fractal analysis to physiology. J Appl 
Physiol 1991;70:2351-67. 

[16] Goldberger AL, Rigney DG, West BJ. Chaos and fractals in 
human physiology. Sci Am 1990;262(2):42-9. 

[17] [17] Grieve M. “Cashew nut.” A modern herbal.  
http://botanical.com/ botanical/mgmh/c/casnut 29.html#des. (6 
June 2004). 

[18] Kaandorp JA. Fractal modelling: growth and form in biology. 
New York. Springer-Verlag Pub., Inc. 1994.  

[19] Kenkel NC, Walker DJ. “Fractals in biological science.” 1996. 
http://www.umanitoba.ca/faculties/science/botany/labs/ecology/
fractals.htm.(13 September 2003). 

http://www.sciencepub.org                                                                                                         editor@sciencepub.net ·63·

http://www.ars.usda.gov/is/AR/archive/apr98 /frac0498.htm
http://www.ars.usda.gov/is/AR/archive/apr98 /frac0498.htm
http://www.gears.tucson.ars.aq.gov/book/chap5/mangosteen.htm
http://www.gears.tucson.ars.aq.gov/book/chap5/mangosteen.htm
http://www.desert-/
http://botanical.com/ botanical/mgmh/c/casnut


Nature and Science, 3(1), 2005, Puzon, Mathematical Analysis of Root Growth 

 
[20] Lethen J. “The Kruskal-Wallis Test for K Independent 

Samples”. 1996. 
http://stat.tamu.edu/stat30x/notes/node151.html (29 Nov. 2004). 

[21] Lowry R. “Mann-Whitney Test”. 2001. 
http://faculty.vassar.edu/lowry/utest.html. (29 Nov. 2004). 

[22] Morton, J. “Mangosteen.” 2004. 
http://www.hort.purdue.edu/newcrop/ morton/mangosteen.html 
(6 June 2004). 

[23] Morton J. Cashew apple. Fruits of warm climates 
1987;1(1):239-40.  

[24] Ng M, Lau R, Tsang L, Wells K. “The fractal dimension of 
leaves.” 1999. http://www.midwoodscience.org ( 28 September 
2003).  

[25] Pizzarello D, Witcoski R. Basic radiation biology. Boston. Lea 
and Febiger, Publishing, Inc. 1967.  

[26] Prove PC. “Mangosteen: general crop management.” 
Horticultural and fresh produce. 2004. 
http://www.dpi.qld.gov.au/horticulture/5447.html (6 June 
2004). 

[27] Richardson ML, Gillepsy T, III. “Fractal analysis of trabecular 
bone.”2000.http://www.rad.washington.edu/exhibits/fractal.htm
l (21 September 2003). 

[28] Ritz K, Crawford J. Quantification of the fractal nature of 
colonies of Trichoderma viride. Mycol Res 1990;94:1138-52. 

[29] Salisbury F, Ross C. Plant physiology. 4th edition. California. 
Wadsworth Publishing Company. 1992.  

[30] Stanley HE, Taylor EF, Trunfio PH. Fractals in science: an 
introductory course. New York. Spring-Verlag Publishing Inc. 
1994.  

[31] Sylianco C, Wu L. Modern biochemistry. 5th edition. Quezon 
City. Papi Publishers. 1994.  

[32] Taylor L. “Cajuiero.” Anacardium occidentale. 2004. 
http://www.rain-tree.com/plants.htm (6 June 2004).  

[33] Tatsumi J, Takagai K. “Fractal characterization of root system 
architecture in legume seedlings.” 
1996.http://www.kingston.ac.uk/fractal/abstr97.html (20 
September 2004). 

[34] Umaly R, Roderos R. Lecture notes on molecular genetics. 
Manila. 24K Printing Corp., Inc. 1988.  

[35] Venkatachalam M, Teuber S, Roux K, Satne S. “Effects of 
gamma-radiation in antigenicity of almonds, cashew nuts, and 
walnuts.”2002. 
http://ift.confex.com/ift/2002/techprogram/paper_11317.htm (6 
June 2004). 

[36] Weier T, Stocking C, Barbour M, Rost T. Botany: An 
introduction to plant biology. 6th ed. Quebec. John Wiley and 
Sons. 1982.  

[37] West BJ, Goldberger AL. Physiology in fractal dimensions. Am 
Sci 1987;75:354-65. 

[38] Wiebel J, Chacko EK, Downton WJ, Luedders P. Influence of 
irradiance onphotosynthesis, morphology, and growth of 
mangosteen (Garcinia mangostana L.) seedlings. Tree 
Physiology 1994;14 (3):236-74. 

[39] World Scientific Publishing Company. “Fractal dimension and 
self-similarity in Asparagus plumosus.” 2002. 
http://www.worldscinet.com/fractals/10/ sample/s0128348X 
0200 1439. html. (20 September 2003). 

 

 

http://www.sciencepub.org                                                                                                         editor@sciencepub.net ·64·

http://stat.tamu.edu/
http://faculty.vassar.edu/lowry/utest.html
http://www.hort.purdue.edu/newcrop/ morton/mangosteen.html
http://www.midwoodscience.org/
http://www.dpi.qld.gov.au/horticulture/5447.html (6
http://www.rad. washington.edu/exhibits/fractal.html (21
http://www.rad. washington.edu/exhibits/fractal.html (21
http://ift.confex.com/ift/2002/

