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Abstract
This study evaluated the possibility of characterization and discrimination of apple cultivars by fractal analysis of the
shape of leaves. The geometry of the leaf lamina from five apple cultivars (Delicios de Voineşti, Florina, Generos,
Jonathan and Pionier) was studied by fractal analysis, box-counting method, for obtaining fractal dimensions (D). Leaf
lamina descriptor parameters (length - L, width – W, perimeter – P, and leaf area - LA) were determined for the
comparative analysis with fractal dimensions in order to characterize the cultivars studied. Based on fractal dimensions
(D) obtained from the analysis of the geometry of the leaf, the five apple cultivars studied were characterized and
discriminated safely statistics (Cophenetic coefficient = 0.967). Regression analysis revealed the relationship of
interdependence between leaf area and fractal dimensions (D) for each apple cultivar. From comparing the coefficient
of variation of foliar parameters studied (L, W, P, LA), that the fractal dimensions (D) had the smallest variation within
each apple cultivar, which shows that the fractal dimension (D) is a more stable parameter for characterization of the
apple cultivars studied compared with other elements of the leaf lamina. According to the values of the correlation
coefficient R2 and safety parameters (p and RMSE), the fractal dimensions (D) facilitated the prediction of leaf area
certainly higher than in the classics descriptors parameters of the leaves L, W and P ( RD2  0.991 for Florina;

RD2  0.985 for Generos and Pionier; RD2  0.982 for Delicios de Voinești and RD2  0.979 for Jonathan). Fractal
analysis has proven to be a tool with great power for the analysis, characterization and discrimination of the five apple
cultivars studied, and predicting of the leaf area based on fractal dimension (D), which recommends it as a tool in
pomology studies.
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INTRODUCTION

Given the power of detection of the analyzed
elements, and high precision in geometry study
of various objects, shapes and textures, fractal
analysis was used in the study of plants and
vegetation. For such studies, estimating the
complexity of leaves shape, can be made based
on fractal dimension, by the method boxcounting (Tricot, 1995; Buczkowski et al.,
1998) or multiscale fractal dimension, which
has developed based on Minkowski method
(Costa and Cesar, 2000).
Bruno et al. (2008) and Backes and Bruno
(2009) used fractal analysis, as multi-scale
fractal dimension, for identification of plant
species based on the complexity of leaf. De
Araujo Mariath et al. (2010) based on fractal
analysis have studied and characterized the

The description and characterization of plant
leaves based on Euclidean geometry is difficult
or impossible in most cases, so that the fractal
geometry proposed by Mandelbrot (1983) was
found to be a suitable tool to it. Fractal analysis
has become a tool to study very accurate and
useful for different fields, box-counting method
showing a greater interest (Liebovitch and Toth
1989; Buchníček et al., 2000; Nežádal et al.,
2001). Numerous studies have addressed by
fractal analysis, various shapes and textures to
develop models of representation in respect of
the fractal dimensions (Backes and Bruno,
2010; Xu et al., 2012; Florindo and Bruno,
2013; Zhao et al., 2013).
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leaves at every cultivar, from the middle of the
annual shoots during fruit growth phenophase;
50-70% final size of fruit, 75-77 BBCH code
(Meier et al., 1994). The leaves were collected
randomly from the crown of the tree, placed in
plastic bags in cool box and transported to the
laboratory for tests.
Measurements and determinations of leaves
parameters. Each leaf was analyzed
individually by measuring and scanning to
obtain foliar parameter values (length, width,
perimeter, leaf area). Leaf dimensions (length,
width) obtained by measuring ruler with an
accuracy of ± 0.5 mm. The perimeter of leaves
and leaf area were obtained by the measuring
method (Measured leaf area - MLA) and the
scanning method (scanned leaf area - SLA)
based on the model proposed by Sala et al.
(2015).
Fractal analysis of leaves geometry. Based on
binarized images (Figure 1), fractal geometry
of each leaf was analyzed with ImageJ software
(Rasband, 1997). Fractal dimensions (D) were
obtained using box-counting, technique
developed by Voss (1985) and commonly used
to determine the fractal dimension based on the
analysis of images (Li et al., 2009;
Annadhason, 2012; Long and Peng, 2013).
Fractal dimensions averages, equation (1), were
calculated on the basis of intermediate values
determined for each leaf equation (2).

leaves of several Relbunium species and have
obtained a clear deceleration of species
analyzed based on fractal dimensions.
Characterization of lamina leaves based on
fractal dimension for identification and
recognition of different plant species, was
carried out in other studies (Backes et al., 2009;
Cope et al., 2012; Sun et al., 2013; Plotze et al.,
2015).
Da Silva et al. (2015) used fractal analysis to
characterize the over 50 species of Brazilian
flora, based on the images of the section of
median rib of leaves, considering that in
biological studies such method is important
because it is linked to the evolutionary aspects.
In this study it was used box-counting method
for the analysis of fractal geometry of leaves
for five apple cultivars, in order to characterization of these cultivars and development of
study models based on fractal analysis in order
to be used in pomology studies.
MATERIALS AND METHODS
The purpose of the study was to analyze the
fractal geometry of the leaves of apple to
characterize the five cultivars studied based on
fractal dimensions and promote the method of
fractal analysis as a tool in studies of
pomology.
Biological material. The biological material
was represented by five apple cultivars:
Generous, Florina, Delicious de Voineşti,
Jonathan and Pionier. Age plantation was 12
years old, of medium vigor rootstock (MM
110), and semi-intensive type of exploitation.
Sampling leaves. For the analysis of fractal
geometry of leaves at the five apple cultivars
studied, were randomly sampled 50 typical
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where: D – fractal dimension;
m – slope to regression line, from equation (3);
F – number of new part;
ε – scale applied to an object.
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Figure 1. Binarized representation of the types of leaves in apple studied cultivars
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RESULTS AND DISCUSSIONS

(3)

From the determinations of the leaves of apple
tree, were obtained values for the leaves
dimensions (length and width), and from the
scanning method, were obtained values for the
perimeter, and the leaf area of the leaves.
Fractal geometry of each leaf was analyzed by
Box-counting method, which facilitated the
obtaining of the fractal dimensions (D), the
results being presented in Table 1. Analysis of
variance (ANOVA single factor type), showed
statistical safety of experimental results (p<<
0.001; Fteoretic << Fcalculat, for Alpha = 0.001),
Table 2.
Fractal dimensions, that describe the geometry
leaves in the five apple cultivars studied, had
similar values but through multivariate analysis
based on Euclidean distances (Cluster analysis
method), were differentiated two distinct clusters, safety statistics (Cophenetic coefficient =
0.967). A first cluster comprised two subgroups, one with the cultivar Florina, that has
highest value of fractal dimension (D = 1.891)
and the second with the cultivars Delicios de
Voineşti (D = 1.884) and Generous (D =
1.885), with similar values of fractal
dimensions. The second cluster included the
cultivars Jonathan (D = 1.864) and Pionier (D =
1.865) with the lowest values of fractal
dimensions.

where: m – slope of the regression line;
S – log of scale or size;
C – log of count;
n – number of size;

Statistical analysis. The experimental data were
processed by analysis of variance (ANOVA),
regression analysis and multivariate analysis
based on Euclidean distances (Cluster
analysis). For this were used PAST software
(Hammer et al., 2001) and Excel in Office 2007
suite. Statistical safety of the results, for
descriptors parameters (L, W, P), leaf area
(LA) and fractal dimensions (D), was evaluated
based on Standard Error for regression line
(SE) relationship (4), correlation coefficient
R2, and safety parameters p and RMSE,
equation (5).
SE 
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where: S = log of scale or size;
C = log of count;
n = number of size;
b = y, intercept of the regression line;
m = slope of the regression line.
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Table 1. Descriptors parameters and fractal dimensions at apple leaves
Apple cultivars
L
W
P
LA
Florina
10.01±0.17
5.61±0.11
307.11±6.04
42.53±1.41
Delicios de Voineşti
9.68±0.25
5.49±0.13
306.50±8.91
42.38±1.97
Generos
10.77±0.25
5.51±0.14
322.63±9.55
43.25±2.07
Jonathan
9.11±0.16
4.82±0.08
262.91±5.41
32.21±1.01
Pionier
9.48±0.16
4.72±0.08
264.95±5.38
32.67±1.14
L – leaf length; W – leaf width; P – leaf perimeter; LA – leaf area; D – fractal dimension

D
1.891±0.037
1.884±0.041
1.885±0.039
1.864±0.045
1.865±0.044

Table 2. Variance analysis by ANOVA test
Source of Variation
Between Groups
Within Groups
Total
Alpha = 0.001

SS
15773359
836210.2
16609569

df

4
1245
1249

MS
3943340
671.6548

The coefficient of variation of the fractal
dimension (CVD), revealed a differentiated
degree of variability in the fractal geometry of
leaves at the five apple cultivars studied. The
highest variation of fractal dimensions
was registered for the cultivar Generous

F
5871.081

P-value
3.8E-229

F crit
4.647362

(CVDG = 2.3388) and the lowest variability of
fractal dimensions was recorded for the cultivar
Jonathan (CVDJ) = 1.1299), the other cultivars
having intermediate values of the coefficient of
variation of fractal dimensions, Delicios de
Voineşti (CVDDV = 1.8163), Florina
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CVPF = 13.9179 at Florina cultivar and
CVPG = 20.9393 at Generous cultivar. Leaf area
had coefficient of variation (CVLA) between
CVLAJ = 22.1478 at Jonathan cultivar and
CVLAG = 33.9624 at Generos cultivar.
From comparing the coefficient of variation of
foliar parameters studied (Figure 2), it was
observed that the fractal dimensions (D) had
the smallest variation within each apple
cultivar, which shows that the fractal
dimension (D) is a more stable parameter for
characterization of the apple cultivars studied
compared with other elements of the leaf
lamina.

(CVDF = 1.2411), Pionier (CVDP = 1.1491).
The others parameters descriptors of the leaves
(L, W, P, LA) had the coefficients of variation
with a larger range of expressions, their
graphical distribution compared to the fractal
dimensions (D), being shown in Figure 2. The
coefficient of variation for leaf length (CVL)
had values between CVLP = 12.1960 at Pioneer
cultivar, and CVLDV = 18.2677 at Delicious de
Voineşti cultivar. Leaf width had coefficient of
variation (CVW) of between CVWJ = 11.6519 at
Jonathan cultivar and CVWG = 18.5510
Generos cultivar. For leaf perimeter, coefficient
of variation (CVP) recorded values between

Figure 2. Graphical representation of the amplitude of coefficient of variation for descriptors parameters and fractal
dimensions of leaves at the apple cultivars studied; (CVL – coefficient of variation for length of the leaves; CVW –
coefficient of variation for width of the leaves; CVP – coefficient of variation for perimeter of the leaves; CVLA –
coefficient of variation for the leaf area; CVD – coefficient of variation for fractal dimensions)

synthesis and primary production (Guo and
Sun, 2001; Bălan, 2010), nutritional status of
plants and fruits quality (Fallahi et al., 2001;
Nachtigall and Dechen, 2006; Jivan and Sala,
2014), tolerance to certain stress factors
(Davies and Lasko, 1979; Wen et al., 2007).
Also leaf area is useful for determining
derivatives indices: leaf area index (LAI), leaf
area duration (LAD), specific leaf area (SLA),
net assimilation rate (NAR) used to characterize the status of plant and crops vegetation,
in relation to technological or environmental
factors (Williams, 1987; Williams and Ayards,
2005; Delalieux et al., 2008; Mokhtarpour et
al., 2010; Poblete-Echeverría et al., 2015).

Correlative analysis of fractal dimensions with
descriptors parameters of leaves had shown any
positive correlation with variable statistical
certainty, Table 3. The fractal dimensions (D)
had high correlation with the leaf area (R2 =
0.960 – 0.985), and to the perimeter of the
leaves (R2 = 0.937 – 0.951), and lower values
of correlation were recorded with the length of
the leaves (R2 = 0.829 – 0.858) and with the
width of the leaves (R2 = 0.885 – 0.922).
Among descriptor parameters of leaves, with
the greatest practical utility is the leaf area. It is
used to evaluate interception of sunlight
(Wünsche and Lasko, 2000; Pandey and Singh,
2011; Fascella et al., 2013), the rate of photo227

leaves that were identified in this study,
regression analysis was used to predict leaf
area based on fractal dimensions. From
regression analysis were obtained prediction
models of leaf area in the form of polynomial
equations of order 2, relations (6) - (15) in
Table 4, under which it was possible to predict
leaf area with a high degree of statistical
certainty according to the correlation
coefficient R2 and the parameters p and RMSE.
Fractal dimensions ensured a safer prediction
of leaf area compared with that achieved under
the parameters descriptors (perimeter of the
leaves - P, and leaf dimensions - L and W).
According to the values of the correlation
coefficient R2 and parameter RMSE, the safest
prediction of leaf area based on fractal
dimension (D) was obtained at cultivar Florina
( RD2  0.991 ), followed by cultivars Generous

Table 3. Matrix table of correlations between descriptors
parameters of leaves, and fractal dimensions of apple
varieties studied
L

L
W
P
LA
D
L
W
P
LA
D
L
W
P
LA
D
L
W
P
LA
D
L
W
P
LA
D

W
Delicios
9.02E-07
0.631
0.930
0.818
0.918
0.856
0.857
0.895
Florina
2.47E-07
0.655
0.869
0.853
0.873
0.913
0.829
0.922
Generos
4.14E-12
0.798
0.909
0.858
0.885
0.923
0.858
0.919
Jonathan
6.76E-07
0.636
0.904
0.808
0.863
0.907
0.835
0.896
Pionier
3.11E-06
0.606
0.914
0.793
0.869
0.880
0.844
0.885

P

LA

D

1.50E-22 5.89E-21 1.94E-15
4.11E-13 2.18E-15 1.97E-18
8.21E-31 4.69E-24
0.969
3.57E-28
0.940
0.960
2.99E-16 1.50E-16 1.07E-13
3.60E-15 2.43E-20 2.03E-21
2.26E-28 2.53E-24
0.961
1.04E-34
0.942
0.979
6.43E-20 1.54E-17 1.73E-15
1.59E-15 1.39E-21 5.34E-21
3.04E-26 1.28E-23
0.952
3.99E-30
0.937
0.967

and Pioneer ( RD2  0.985 ), the cultivar Delicios
de Voineşti ( RD2  0.982 ) and the cultivar

2.41E-19 8.02E-16 4.59E-14
1.29E-12 1.07E-19 1.61E-18
1.76E-27 3.97E-24
0.957
2.03E-36
0.940
0.982

Jonathan ( RD2  0.979 ).
The perimeter of the leaves,
facilitated
predicting leaf area with lower level of
statistical certainty compared to the fractal
dimensions ( RP2  0.931 0.970 ), the distribution of particular values of leaf area predicted
based on fractal dimension (D) and on the
perimeter of the leaves (P) being shown in
figures 3-12. The length and width of leaves (L,
W) have facilitated the prediction of leaf area
certainly lower than the fractal dimensions (D)
and
perimeter
(P)
of
the
leaves
2
2
( RW  0.753  0.895 , RL  0.672  0.879 ).

1.72E-20 3.04E-16 1.43E-14
6.62E-12 4.01E-17 1.64E-17
1.48E-30 3.70E-26
0.968
2.26E-38
0.951
0.985

L – leaf length; W – leaf width; P – leaf perimeter; LA – leaf area;
D – fractal dimension

Given the correlation between fractal
dimension and the parameters descriptors of

Table 4. Prediction of leaf area in apple cultivars based on fractal dimensions and perimeter of leaves
Cultivar
Delicios
Florina
Generos
Jonathan
Pionier

Parameter
Equation
for PLA
P
PLAP  2864.5 x 2 10372x  9411.5
D
PLAD 1624.1x 2  5707.1x  5027.9
P

D
P
D
P
D
P

Equation
number
(6)

R2

P

RMSE

0.962

<<0.001

5.2405

(7)

0.970

<<0.001

2.1837

2

(8)

0.941

<<0.001

5.3668

PLAD  808.42 x  2628.8 x  2122.3

PLAP   0.0003x  0.4373x  0.9412

(9)

0.991

<<0.001

1.3003

2

(10)

0.968

<<0.001

4.4593

PLAD  860.33x  2890.1x  2432.9

(11)

0.985

<<0.001

2.6492

(12)

0.931

<<0.001

2.9974

(13)

0.979

<<0.001

1.3277

(14)

0.952

<<0.001

2.0055

0.985

<<0.001

1.3796

2

PLAP   0.0005x  0.5319x  73.471
2

2

PLAP   0.0002x  0.269 x  26.483
2

PLAD  38.384 x 189.6 x  454.49
2

PLAP  6 E  07 x  0.2058x  21.9

(15)
PLAD   82.4 x  681.14 x  950.87
PLA – predicted leafa rea; P – perimeter of leaves; D – fractal dimension
D

2
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Figure 3. The particular distribution of leaf area values,
Figure 4. The particular distribution of leaf area values,
depending on perimeter of leaves at the cultivar Delicios de depending on fractal dimension at the cultivar Delicios de
Voineşti
Voineşti

Figure 5. The particular distribution of leaf area values,
depending on perimeter of leaves at the cultivar Florina

Figure 6. The particular distribution of leaf area values,
depending on fractal dimension at the cultivar Florina

Figure 7. The particular distribution of leaf area values,
depending on perimeter of leaves at the cultivar Generos

Figure 8. The particular distribution of leaf area values,
depending on fractal dimension at the cultivar Generos
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Figure 9. The particular distribution of leaf area values,
depending on perimeter of leaves at the cultivar Jonathan

Figure 10. The particular distribution of leaf area values,
depending on fractal dimension at the cultivar Jonathan

Figure 11. The particular distribution of leaf area values,
depending on perimeter of leaves at the cultivar Pionier

Figure 12. The particular distribution of leaf area values,
depending on fractal dimension at the cultivar Pionier

characterize the leaves at 10 species of trees,
and found that the fractal dimension
appropriately defined can be used to
discriminate between species with accuracy
greater than 90%, especially when it is used
together with other measurements. He summed
that fractal analysis can be used in informatics
systems for identifying species and taxonomic
purposes only. Mancuso (1999, 2001) used the
fractal dimension as an appropriate tool in
ampelographic research, to characterization of
over 10 vine genotypes, similar studies being
conducted and by Oancea (2007) who has used
fractal analysis to characterize six varieties for
grapes table and wine. Jonckheere et al. (2006)
used the fractal dimension (D) as a correction
parameter for the evaluation of leaf area index
(LAI) in the studies of some forest species in

Similar levels of safety in predicting leaf area
based on L and W were reported and by Blanco
and Folegatti (2003), Mokhtarpour et al. (2010)
and Rouphael et al. (2010a, b), but their results
of were not compared with fractal analysis.
In various studies, fractal analysis was used as
an appropriate tool in order to characterize the
structural complexity of plant species studied.
Vlcek and Cheng (1986) have used the fractal
analysis to study blade of the leaves at six
species of trees, and the results have shown that
the fractal dimension is sensitive to variations
of the leaf within a species. They found the
fractal dimension variation from average at red
oak, white oak and maple sugar, depending on
the W/L and the degree of jaggedness of the
leaf.
Borkowski (1999) used the fractal analysis to
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indicator for the evaluation of the crown and
production at apple depending on the cutting
trees maintenance.
Safe differentiation obtained from the analysis
of three species of Relbuniun (Rubiaceae) by
fractal analysis (based on fractal dimensions)
was the argument which the Mariath Araujo et
al. (2010) have considered that the fractal
measure (fractal dimension), can be regarded as
a taxonomic character in differentiating
species, based on analysis of fractal properties
at the leaf lamina. Da Silva et al. (2015), based
on the study of more than 50 plant species,
have found that fractal analysis is an accurate
tool for the characterization and discrimination
between different biological structures, the
fractals descriptors (D) being accurate and
reliable in the taxonomic identification of plant
species.
Most studies used fractal analysis for the
characterization of leaf lamina at various
plants, for the characterization and discrimination of species or biotypes, for association of
fractal properties with plants age, or biological
material behavior evaluation to certain
environmental conditions. Do not have found
studies in which the fractal dimensions to be
related with the foliar surface, usually the
fractal dimensions are associated with the
shape and complexity of the leaf lamina. In this
study, the fractal dimensions were correlated
also with leaf area, along with other foliar
parameters (L, W, P), and facilitated the safe
discrimination between apple cultivars studied,
for which can be used as a precise tool for
analysis in studies of pomology.

relation to the theoretical distribution of the
foliage.
Based on morphological and fractals
parameters, Mugnai et al. (2008) studied the
possibility of identification of 25 genotypes at
the species Camellia japonica L. The results
highlighted the potential of those parameters to
discriminate genotypes studied, having on hand
a relatively accessible technology based on an
optical scanner and a personal computer.
Rosatto et al. (2011) used fractal analysis to
characterize the leaves, and as a tool for
taxonomic analysis, at the different species of
the Melastomataceae family. With all the
difficulties of identifying species of that family
without the presence of reproductive organs,
analysis of fractal geometry leaves on both
surfaces (adaxial and abaxial), facilitated
parameterization and identifying those species
with a precision much higher than other
traditional methods. They concluded that the
fractal approach may be useful for identifying
species in the absence of reproductive material,
and it is a quick and powerful tool for
discrimination and identification of plant
species. Gazda (2013), studying blackberry
leaves through fractal analysis found that the
fractal dimension is more related to the
complexity of shape than the leaf size. And in
the case of this study was found an
interdependent relationship between the fractal
dimension and leaf area and leaf descriptor
parameters (L, W and P) for the five apple
cultivars studied.
Systems of branching of the tree, the geometry
of the stem bark in relation to the species and
age of the trees, the root system or the leaves
structure were studied by fractal analysis to
characterize different species and genotypes of
spontaneous or cultivated plants (Hartvigsen,
2000; Bruno et al., 2008; de Araujo Mariath et
al., 2010; Cope et al., 2012; Du et al., 2013;
Sala and Boldea, 2014). Zhang et al. (2011)
have used fractal analysis to characterize the
configuration of crown of apple tree "Fuji"
after winter pruning, and have found the
correlation of fractal dimensions (D) with the
architecture of tree crown and fruit production.
Fractal dimensions variation was mainly
determined by branches distribution on the
trunk and crown, and they concluded that the
fractal dimensions can be used as an accurate

CONCLUSIONS
Based on fractal dimensions obtained from the
analysis of fractal geometry at the apple leaves,
box-counting method, the five apple cultivars
studied were discriminated safely statistics
(Cophenetic coefficient = 0.967) by multivariate analysis. Compared with the leaves
descriptor parameters (L, W, P), the fractal
dimension (D) offered a prediction of leaf area
certainly higher, they being closely related to
the fractal geometry of the leaf lamina. From
the overall analysis of the results obtained (CV,
prediction of leaf area based on L, W), the
fractal dimension was more related to the
231

complexity of leaves shape than of their size at
the apple cultivars studied. Fractal analysis has
proven to be a tool with great power to
separation of the results, and discrimination of
the ones five apple cultivars studied, which
recommends her as a tool in studies of
pomology.
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