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Abstract. The study used fractal analysis to evaluate and describe the geometry of the leaves at
the Populus alba L. specie. The leaf samples were taken randomly, from mature trees, from the Cenad
Forest Protected Area, Timis County, Romania. The leaves were scanned in a 1:1 ratio, and binarized
images of the leaves were used for fractal analysis of leaf geometry. The box-counting method was used
for the fractal analysis in order to obtain the values of the fractal dimensions (D). Foreground pixels
(FP), correlation coefficient R? for D, and standard error (SE) were recorded. The values of the
parameters of the leaves L (leaf length), w (leaf width), Per (perimeter), and SLA (scanned leaf area)
were determined. The ANOVA test (Alpha = 0.001) confirmed the statistical safety of the data and the
presence of variance in the data set (p <0.001, F> Fcrit). The coefficient of variation (CV) indicated the
values: CVL = 14.910 for the leaf length parameter (L), CVw = 19.531 for the leaf width parameter (w),
CVper = 16.865 for the leaf perimeter (Per), CVsia = 33.594 for the scanned leaf area (SLA), CVrr =
33.151 for foreground pixels (FP), and respectively CVp = 2.838 for fractal dimension (D). From the
comparative analysis of CV values, it was found that the smallest variation was recorded in the case of
fractal dimension (D), and the largest in the case of scanned leaf area (SLA). This suggests that the
fractal dimension (D) is the most stable parameter in the characterization of leaf geometry in the species
Populus alba L. Diversity profile indicated a similar distribution of the studied parameters. In relation to
the dimensional parameters of the leaves, the variation of the fractal dimensions (D) had variable
interdependence relations, in conditions of R? = 0.878 in relation to FP, R? = 0.908 in relation to Per, R?
= 0.909 in relation to SLA, R? = 0.799 in relation to L and, respectively, R? = 0.698 in relation to w.
Polynomial equations, of degree 2, described the variation of the fractal dimensions D in relation to FP,
Per and SLA, in statistic safety conditions, p <0.001.
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INTRODUCTION

Imaging analysis and fractal analysis are increasingly used in the study of phenomena,
processes, realities, as a result of the facilities they offer (MESHCHERYAKOVA and LARIONOVA,
2017; ZAHEDI and ZEIL, 2018; PATUANO and TARA, 2020).

Fractal analysis is a method of investigation with applicability in different fields and
which ensures an objective evaluation of the analyzed subjects (GLENNY et al., 1991; GANTI
and BHUSHAN, 1995; GONzATO et al., 1998; MAKLETSOV et al., 2020; SALA et al. al., 2020).

In the plant field, fractal analysis has found applicability in the study, characterization
and identification of different plant species based on leaf geometry (BRUNO et al., 2008;
BACKES et al., 2009; Du et al., 2013, MUSARELLA et al. , 2018), leaf midrib cros-sections (DA
SILVA et al., 2015), in plant taxonomy studies etc. (BAYIRLI et al., 2014).

In a study of five apple varieties, fractal analysis was used to characterize leaf
geometry and classify genotypes (SALA et al., 2017).

Fractal analysis facilitated the study of the wheat root system in relation to CO;
concentration (WANG et al., 1998), in relation to heavy metals (LI et al., 2019). Also in wheat
crop, fractal analysis was used to analyze the variation of the geometry of the shape of the
wheat ear in relation to N fertilization (SALA and RuUJEScu, 2017). A recent study reported the
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results of the evaluation and classification of 10 wheat varieties by fractal analysis of crop
geometry in three different stages of vegetation (RUJESCU et al., 2020).

The rhytidome geometry at Fraxinus angustifolia Vahl. was studied by fractal
analysis, in relation to the images capture distance (NICOLIN et al., 2019), and SALA and
BOLDEA (2014) found a model for estimating the age at plum trees, based on the fractal
dimensions (D) of the tree bark geometry.

The present study used fractal analysis to describe and characterize the geometry of
leaves at the species Populus alba L.

MATERIAL AND METHODS

The study used fractal analysis to characterize leaf geometry in Populus alba L.
specie.

Poplar leaves, taken randomly from the crown of trees, Populus alba L. specie (Cenad
Forest Protected Area, Timis County, Romania), were used for analysis.

The leaves were scanned in a 1:1 size ratio. The images were analyzed to evaluate the
fractal geometry of the leaves. Binarized images were used, fig. 1.

Figure 1. Binarized image, Populus alba L. leaf

The box-counting analysis method (Voss, 1985) was used to obtain the fractal
dimensions D.

In addition to the fractal analysis, the values of the leaf parameters were recorded
(RASBAND, 1997), such as, L (leaf length), w (leaf width), SLA (scanned leaf area), Per (leaf
perimeter). The values of foreground pixels (FP), fractal dimensions (D), correlation
coefficient for D (R?), and standard error (SE) were recorded from the fractal analysis.

The ANOVA test was used for the overall analysis of the data set. Experimental data,
in terms of the interdependence relationships between foliar parameters and fractal dimension
(D), were analyzed by correlation, and regression analysis (HAMMER et al., 2001). The
coefficients R?, r, parameters p, F-test were used to express the statistical certainty of the
results.

RESULTS AND DISCUSSIONS

From the analysis of the leaf samples, was found the variation of the leaf length
parameter (L) in the range L = 4.6-7.9 + 0.17, the leaf width parameter (w) in the range w =
3.8-7.8 + 0.21, the leaf perimeter Per = 14.706-26.30 + 0.67, and scanned leaf area SLA =
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11.093-36.315+1.49. Foreground pixels (FP) varied in relation to leaf size, in the range FP =
71118-235876 + 9606.317. The fractal dimensions, obtained by the box-counting method, had
values in the range D = 1.588-1.771 + 0.009, in conditions of statistical safety of the fractal
analysis, according to R? for D and standard error (SE), R? = 0.096, SE = 0.080. The graphic
distribution in the form of a box plot is presented in figure 2.
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Figure 2. Graphic distribution of values of foliar parameters and fractal dimensions
in the case study, Populus alba L.

The ANOVA single factor test (Alpha = 0.001) highlighted the safety of the
experimental data and the presence of variance in the data set, under the conditions of F =
227.44309, Fcrit =4.3617, p <0.001.

From the analysis of the data set, under the aspect of the coefficient of variation (CV),
differentiated values of this index were obtained; CV =14.910 for leaf leaf parameter (L),
CVw=19.531 for leaf width parameter (w), CVp,=16.865 for leaf perimeter (Per),
CVs1a=33.594 for scanned leaf area (SLA), CVg=33.151 for foreground pixels (FP),
respectively CVp =2.838 for the fractal dimension (D). From the analysis of CV values, it was
found that the smallest variation was recorded in the case of fractal dimensions (D), and the
largest in the case of SLA. This suggests that the fractal dimensions (D) is the most stable
parameter in the characterization of leaf geometry in the species Populus alba L.

The graphical analysis of the variability of the parameters and fractal dimensions of
the leaves at Populus alba L., similarly expressed the amplitude of variation, in the form of the
diversity profile, presented in figure 3.

The variation of D values, depending on foreground pixels (FP) was described by
equation (1), under conditions of R?=0.878, F=79.267, p <0.001, and the graphical distribution
is presented in figure 4.

D =-6.136E —12x° +2.746 E — 06X +1.447 1)
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where x= FP (foreground pixels)
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Figure 3. Diversity profile, for foliar parameters and fractal dimensions, Populus alba L.
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Figure 4. Graphical distribution of D values according to FP values (foreground pixels), Populus alba L.

The variation of D values depending on the perimeter of the leaves (Per) was
described by equation (2), in conditions of R? =0.908, F =109.36, p <0.001, and the graphical
distribution is presented in figure 5.
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D =-0.001411 x* +0.07014 x + 0.8818 2)
where: x — Per (perimeter of the leaf)
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Figure 5. Graphic distribution of D values according to leaf perimeter values (Per), Populus alba L.

The variation of D values depending on the scanned leaf area (SLA) was described by
equation (3), under conditions of RZ =0.909, F =109.49, p<0.001, and the graphical distribution
is presented in figure 6.

D =-0.0002837 x +0.0191x +1.433 3)
where: x — SLA (scanned leaf area)
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Figure 6. Graphic distribution of D values according to SLA values, Populus alba L.
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From the analysis of the regression coefficients R?, of the equations (1), (2) and (3), it
was found that the values of the fractal dimensions D had a closer correlation with the leaf
perimeter (Per), followed by the SLA and FP. This shows that the perimeter (Per), as an
element of leaf geometry, had a much higher importance in defining the values of fractal
dimensions (D) compared to the other parameters studied (FP and SLA).

The parameter L (leaf length) and the parameter w (leaf width) had a moderate
importance in defining the fractal dimension (D), according to R =0.799 in the case of L and
respectively R =0.698 in the case of w.

Multiple regression analysis, which simultaneously addressed the three parameters
studied (FP, SLA and Per) in defining fractal dimension D, led to the relationship (4).

D =-2.5E — 06FP —0.04514SLA + 0.15441Per (4)

From the analysis of the values of the coefficients of equation (4), resulted the weight
of the three parameters studied, as elements of the geometry of the leaves at Populus alba L.
when defining the fractal dimension (D), in descending order being Per> SLA> FP.

Studies of plant leaves by non-destructive imaging methods have been frequently used
for the purpose of leaf surface analysis (SALA et al., 2015; DRIENOVSKY et al., 2017a,b).
CANDEA-CRACIUN et al., (2018) communicated the results obtained by imaging methods
regarding the leaf area and the relationship with foliar parameters to four energy poplar clones.

Similar results were reported on the use of fractal analysis to describe leaf geometry in
Alnus glutinosa (L.) Gaertn., where high correlations were recorded between D and SLA (r =
0.912) and D with Per (r = 0.887), and lower values were found between D and L, respectively
D and w (SALA et al., 2020), or at the leaves of five apple cultivars (SALA et al., 2017).

The results communicated in the present study, are in concordance with the scientific
literature in the field, which was consulted and was the basis for documenting the present
research.

CONCLUSIONS

The fractal analysis, by the box-counting method, facilitated the description of the leaf
geometry in the species Populus alba L. based on the fractal dimensions D.

Between the fractal dimensions (D) and the dimensional parameters of the leaves,
interdependence relations were identified, described by polynomial equations of degree 2 in
static safety conditions, p <0.001.

Compared with foliar parameters L, w, Per, SLA, the fractal dimensions D showed
high stability in characterizing the geometry of the analyzed leaves at the species Populus alba
L.

BIBLIOGRAPHY

BAYIRLI, M., SELVI, S., CAKILCIOGLU, U., 2014 - Determining different plant leaves’ fractal dimensions: a
new approach to taxonomical study of plants. Bangladesh Journal of Botany, 43(3):
267-275.

BACKES, A.R., CASANOVA, D., BRuNO, O.M., 2009 - Plant leaf identification based on volumetric fractal
dimension. International Journal of Pattern Recognition and Atrtificial Intelligence,
23(6): 1145-1160.

BruNO, O.M., DE OLIVEIRA PLOTZE, R., FALVO, M., DE CASTRO, M., 2008 - Fractal dimension applied to
plant identification. Information Science, 178: 2722-2733.

CANDEA-CRACIUN, V.C., RulEscu, C., CAMEN, D., MANEA, D., NicoLIN, A.L., SALA, F., 2018 - Non-
destructive method for determining the leaf area of the energetic poplar. AgroLife

168



Research Journal of Agricultural Science, 52 (3), 2020

Scientific Journal, 7(2): 22-30.

DA SiLva, N.R., FLORINDO, J.B., GOMEZ, M.C., RossaTTO, D.R., KoLB, R.M., BRUNO, O.M., 2015 - Plant
identification based on leaf midrib cross-section images using fractal descriptors.
PLoS ONE, 10(6): e0130014.

DRIENOVSKY, R., NIcoLIN, A.L., Rulescu, C., SALA, F., 2017a - Scan LeafArea — A software application
used in the determination of the foliar surface of plants. Research Journal of
Agricultural Sciences, 49(4): 215-224.

DRIENOVSKY, R., NIcoLIN, A.L., Rujescu, C., SALA, F., 2017b - Scan Sick & Healthy Leaf — A software
application for the determination of the degree of the leaves attack. Research Journal
of Agricultural Sciences, 49(4): 225-233.

Du, J.-X., ZHAI, C.-M., WANG, Q.-P., 2013 - Recognition of plant leaf image based on fractal dimension
features. Neurocomputing, 116: 150-156.

GANTI, S., BHUSHAN, B., 1995 - Generalized fractal analysis and its applications to engineering surfaces.
Wear, 180(1-2): 17-34.

GLENNY, R.W., ROBERTSON, H.T., YAMASHIRO, S., BASSINGTHWAIGHTE, J.B., 1991 - Applications of
fractal analysis to physiology. Journal of Applied Physiology, 70(6): 2351-2367.

GONzATO, G., MULARGIA, F., MARZOCCHI, W., 1998 - Practical application of fractal analysis: problems
and solutions. Geophysical Journal International, 132(2): 275-282

HAMMER, @., HARPER, D.A.T., RYAN, P.D., 2001 - PAST: Paleontological Satistics software package for
education and data analysis. Palaeontologia Electronica 4(1): 1-9.

L1, T., RAJAGOPLAN, U.M., KapoNo, H., 2019 - Fractal based complexity analysis of wheat root system
under different heavy metals. Plant Biotechnology, 36(2): 77-84.

MAKLETsOV, S.V., OPOKINA, N.A., SHAFIGULLIN, |.K., 2020 - Application of fractal analysis method for
studying stock market. International Transaction Journal of Engineering,
Management, & Applied Sciences & Technologies, 11(1): 2228-9860.

MESHCHERYAKOVA, E.l., LARIONOVA, AV., 2017 - Fractal computer visualization in psychological
research. Al & Society, 32: 121-133.

MUSARELLA, C.M., CANO-ORTIZ, A., FUENTES, J.C.P., NAVAS-URENA, J., GOMEZ, C.J.P., QUINTO-CANAS,
R., CANO, E., SPAMPINATO, G., 2018 - Similarity analysis between species of the genus
Quercus L. (Fagaceae) in southern Italy based on the fractal dimension. PhytoKeys,
113: 79-95.

NicoLin, L.A., Popescu, C.A., Rusescu, I.C., HERBEI, V.M., SALA, F., 2019 - Fractal characterisation of
the cork cambium in Fraxinus angustifolia VVahl. depending on image caption
distance. AIP Conference Proceedings, 2116: 370005.

PATUANO, A., TARA, A., 2020 - Fractal geometry for landscape architecture: Review of methodologies
and interpretations. Journal of Digital Landscape Architecture, 5: 72-80.

RAsBAND, W.S., 1997 - ImageJ. U. S. National Institutes of Health, Bethesda, Maryland, USA, pp. 1997-
2014.

Rusescu, C., Popescu, C., RAWASHDEH, H., SALA, F., 2020 - Imagistic technique and fractal analysis -
investigations mechanisms of the morphological and temporal variability of the wheat
cultures. Technical Gazette, 27(5): 1472-1477.

SALA, F., Popescu, C.A., HERBEI, M.V., 2020 - Fractal analysis in estimating the fragmentation degree of
agricultural lands. Scientific Papers: Management, Economic Engineering in
Agriculture & Rural Development, 20(3): 517-524.

SALA, F., DAaTcy, A.-D., Rujescy, C., 2020 - Fractal dimension and causality relationships with foliar
parameters: case study at Alnus glutinosa (L.) Gaertn. Annals of West University of
Timisoara, ser. Biology, 23(1): 73-82.

SALA, F., Rulescu, C., 2017 - Fractal analysis to evaluate the productivity elements at wheat spike.
Annals of West University of Timisoara, ser. Biology, 20(1): 91-102.

SALA, F., IoRDANESCU, O., DoBREI, A., 2017 - Fractal analysis as a tool for pomology studies: Case study
in apple. AgroLife Scientific Journal, 6(1): 224-233.

SALA, F., ARSENE, G.-G., IoORDANESCU, O., BOLDEA, M., 2015 - Leaf area constant model in optimizing
foliar area measurement in plants: A case study in apple tree. Scientia Horticulturae,

169



Research Journal of Agricultural Science, 52 (3), 2020

193: 218-224.

SALA, F., BOLDEA, M., 2014 - Fractal analysis of trunk bark in relation to age of trees: Case study in plum.
Bulletin UASVM CN Horticulture, 71(2): 299-307.

Voss, R., 1985 - Random fractal forgeries. In: Earnshaw R. (Ed.) Fundamental algorithms for computer
graphics, Sringer Verlag, Berlin, pp. 805-835.

WANG, Y., ZHANG, H., YANG, D., BAl, K., KuANG, T., 1998 - Fractal analysis for root growth of plant
seedlings under doubled CO2 concentration. Chinese Science Bulletin, 43: 1891-1893.

ZAHEDI, M.S., ZEIL, J., 2018 - Fractal dimension and the navigational information provided by natural
scenes. PLoS ONE, 13(5): e0196227.

170



