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Abstract: The dynamic analysis of the vegetal carpet and of the vegetal cultures, presenting high interest for the management of natural balances and of agricultural systems 
efficiency. The fractal analysis has been used for the assessment of the morphological and temporal variability within the Triticum aestivum L. ssp. Vulgare species, in four 
cultivars of non-awned wheat (Avenue, Pitbull, GK Koros and Illico) and 6 awned cultivars (GK Rozi, PG 101, GK Bekes, GK 102, Antonius și Stefanus). The study has been 
performed in three different vegetation stages: Growth stage 3 - Stem elongation, code 33 BBCH; Growth stage 6 - Flowering, anthesis, code 69 BBCH,and Growth stage 9 
- Senescence, code 99 BBCH. The fractal dimensions have been between 1.879 ± 0.067 and 1.963 ± 0.046. From the perspective of the variability induced by cultivars, two 
distinct clusters have resulted, GNA cluster including the non-awned cultivars (C1-C4) and a second cluster, GA including the awned cultivars (C5-C10) and subclusters 
depending on the similarity of cultivars. From the point of view of the temporal variability the obvious difference of Growth stage 9 (99 BBCH code), with the variation 
coefficient within the fractal dimenssion CV9 = 1.448 ± 0.005 (p < 0.01). The fractal dimension obtained using the digital images can be useful for the dissociation of awned 
/ non-awneed cultivars, but only the higher stages of wheat development. It is also useful for the delimitation of wheat development stages. 
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1 INTRODUCTION 

 
The usual identification of plants and of vegetal 

associations is a problem that has exceeded the boundaries 
of botany, being also in the sphere of other more 
comprehensive disciplines: ecology, plant physiology, 
genetics, geography, etc. Also some related areas such as 
bio-economy, precision farming, bio-resources and others, 
are interested in the possibility of effective real-time 
assessment of the state of natural or cultivated vegetation, 
the level of crop safety, agricultural or biomass production 
as well as quality or efficiency aspects[1-10]. 

A large number of real-world systems and subsystems 
present similar behaviors within variable observation and 
analysis scales. Most biological structures have the 
property of self-similarity on the basis of which they can 
be considered approximate fractals [11]. 

A major interest has been focused on the use of fractal 
analysis for the study of various types of textures, as a 
result of the high degree in which they may reflect certain 
realities in the surrounding world [1, 6, 12-14]. Thus, in 
some studies on certain structures, granite mineral rocks 
[15], nano-structural materials [16] and others; similar 
representations of textures have been obtained by the 
fractal analysis, the method facilitating a clear view of the 
target elements. 

Fractal analysis is a powerful tool for the evaluation 
and characterization of plants, which has the power to 
extract information based on anatomic morphological 
features such as shape, size, contour-line, ribs (of various 
grades), pilosity, trichomes, pustules, anatomical 
formations, typical colorations / discolorations, marginal 
or apical endings, etc. [17-19], changes and transition of 
vegetation [20, 21]. Li et al. (2016) [22] used the fractal 
analysis technique to determine the changes that occur in 
soil properties. 

According to the increased interest in promoting 
efficient methods of evaluation and characterization of 
vegetal carpet and agricultural crops, the aim of the study 
is to highlight morphological and temporal similarities and 
variabilities in 10 wheat cultivars (Triticum aestivum L. 

ssp. vulgare) based on the fractal dimenssions (D). 
 
2 MATERIALS AND METHODS 
2.1 Biological Material 

 
The studied biological material has been Triticum 

aestivum L. ssp. Vulgare species, with four non-awned 
varieties (Avenue, Pitbull, GK Koros and Illico) and 6 
awned varieties (GK Rozi, PG 101, GK Bekes, GK 102, 
Antonius and Stefanus). The study has been carried out 
during three different stages of vegetation taking into 
consideration the phisiological and morpho-anatomical 
aspects: Growth stage 3 (GS 3) - Stem elongation, code 33 
BBCH; Growth stage 6 (GS 6) - Flowering, anthesis, code 
69 BBCH and Growth stage 9 (GS 9) - Senescence, code 
99 BBCH. 
 
2.2 Capture of Digital Images  
 

Digital images were captured randomly, within each 
variety, during the three distinct stages of vegetation. The 
image capture was performed using a Nikon D300, 12 MP, 
DX format, 24 mm focal length lens, 1.5 m soil clearance. 
The images obtained (Fig. 1) (24 bits) were analyzed 
unitarily to extract fractal data. 
 
2.3 Fractal Analysis 

 
The Box-Counting method was used to determine the 

fractal dimension (D) on the basis of which morphological 
and temporal similarity and variability were assessed in the 
10 studied wheat cultivars. 

A number of recent research studies have indicated 
box-counting method as being very realistic for 
determining fractal dimension [23-25]. The software 
ImageJ [26] and FracLac plugin [27] were used for the 
fractal analysis, the analysis being carried out on binarized 
images. Series of analyses have been performed on the 
binarized images in order to extract the fractal dimension 
(D), using the formula ( ) ( )ln lnD m F / ε=    , where m is 
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the slope to regression line, F - number of new part, and ε 
- scale applied to an object. 

 

 
Figure 1 Images of wheat cultivars in different vegetation stage (GS 3 - Stem 

elongation, GS 6 - Flowering, anthesis, GS 9 - Senescence, BBCH code) 
 
2.4 The Statistic Analysis of the Results 

 
The statistic testing in view of assessing the 

differences between groups, have been performed using 
SPSS. The correlation coefficient, variation coefficient 

(CV), Principal Component Analysis (PCA) and Cluster 
analysis have been performed using the PAST software 
[28], being used for the fractal characterising of the studied 
wheat cultivars in view of assessing their morphological 
and temporal variation. 
 
3 RESULTS AND DISCUSSIONS  
 

In the case of non-awned cultivars (Avenue, Pitbull, 
GK Koros and Ilico) the fractal dimensions have been 
ranged between 1.879 ± 0.067 and 1.906 ± 0.072, and for 
the awned cultivars (GK Rozi, PG 101, GK Bekes, PG 102, 
Antonius and Stefanus) ranged between 1.937 ± 0.036 and 
1.963 ± 0.046, and presented variations within each group 
of cultivars depending on the vegetation stages, Tab. 1. The 
correlation coefficient calculated for the determination of 
the fractal dimensions has lead to values of R2 ∈ 0.995-
0.999. 

Morphological variability was given by the features of 
wheat cultivars at the same stage of vegetation, and the 
temporal variability was given by the morpho-anatomic 
properties of the wheat cultivars during the dynamics of the 
vegetation stages and evidenced by the fractal dimensions 
(D). 

Growth stage 3 (GS 3) Stem elongation (code 33 - 
BBCH), specific for vegetative growth phenophase, was 
characterized by a high degree of plant morpho-anatomic 
uniformity, the differences in the amount of biomass being 
relatively small. In this stage, the fractal analysis has 
revealed the high degree of uniformity of studied wheat 
varieties, the average fractal dimension having the value D 
= 1.931 for the non-awned cultivars and D = 1.929 for the 
awned cultivars. 

In generative phenophase, Growth stage 6 (GS 6), 
Flowering, anthesis (code 69 - BBCH), the studied wheat 
cultivars presented morpho-anatomical characteristics 
newly generated by the ears. The average value of the 
fractal dimension (D) in the non-awned cultivars was D = 
1.915, and in awned cultivars was D = 1.911. 

 
Table 1 Fractal dimensions (D) in wheat crop, depending on cultivar and vegetation stage 

Wheat cultivar Trial 
Fractal Dimension (D) in the growing stages analyzed 

Awned Growth stage 3 Stem elongation, 
code 33 BBCH 

Growth stage 6 Flowering, anthesis, 
code 69 BBCH 

Growth stage 9 Senescence, 
code 99 BBCH 

Avenue C1 1.949 ± 0.056 1.936 ± 0.048 1.906±0.072 No 
Pitbull C2 1.927 ± 0.052 1.908 ± 0.056 1.879±0.067 No 

GK Koros C3 1.919 ± 0.054 1.900 ± 0.051 1.899±0.070 No 
Ilico C4 1.929 ± 0.050 1.917 ± 0.059 1.894±0.065 No 

GK Rozi C5 1.941 ± 0.059 1.912 ± 0.040 1.951±0.044 Yes 
PG 101 C6 1.942 ± 0.059 1.921 ± 0.041 1.957±0.048 Yes 

GK Bekes C7 1.915 ± 0.046 1.917 ± 0.044 1.937±0.036 Yes 
PG 102 C8 1.926  ±0.051 1.914 ± 0.043 1.963±0.046 Yes 

Antonius C9 1.919 ± 0.048 1.895 ± 0.039 1.941±0.034 Yes 
Stefanus C10 1.928 ± 0.054 1.907 ± 0.036 1.937±0.043 Yes 

 
At the physiological maturity, Growth stage 9 (GS 9), 

Senescence (code 99 BBCH), the average value of the 
fractal dimension of the non-awned cultivars was D = 
1,896 and for awed varieties D = 1,948. The ears, due to 
the specific morpho-anatomic peculiarities of the two 
groups of cultivars (awned and non-awned) was the factor 
that had significantly differentiated the fractal properties of 
the studied wheat cultivars. Two intervals of values for 
fractal dimensions (D) were estimated: a DNA interval for 
non-awned cultivars, DNA ∈ (1.879, 1.906) and DA interval 

for awned cultivars, DA ∈ (1.937, 1.963). 
The coefficient of variation (CV) of the fractal 

dimension (D) values revealed the differentiated 
morphological and temporal variability of the two 
categories of cultivars in relation to the vegetation stages. 
The lowest variability was recorded in Growth stage 3 - 
Stem elongation (code 33 - BBCH), with the coefficient of 
variation in the fractal dimension (D), CV3 = 0.554 ± 0.002 
(p < 0.01). In generative phenophase, Growth stage 6 - 
Flowering, Anthesis (code 69 - BBCH), the coefficient of 
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variation was CV6 = 0.603 ± 0.002 (p < 0.01), and 
highlighting higher variability of wheat cultivars. The 
highest morphological and temporal variability of the two 
categories of cultivars was recorded at the physiological 
maturity, the coefficient of variation being CV9 = 1.448 ± 
0.005 (p < 0.01). 

Monitoring the distribution of fractal dimension D 
values for the "awned" and "awnless" cultivars, it was 
observed that in the GS 3 and GS 6 stages, they have 
similar values (Fig. 2). However, during the GS 9 
development stage, the differences between D values are 
more important: the values of the fractal dimension are 
higher in awned cultivars (with an average of 1.94 and a 
standard deviation of 0.01), than in awnless cultivars (1.89 
average,and standard deviation 0.01). 
 

 
Figure 2 Boxplot diagram for fractal dimension (D) of "awned" cultivars 
respectively "awnless" during the three followed stages of development 

 
This has been statistically confirmed using t-test, 

independent samples. Thus, only at GS 9 stage, there were 
significant differences between the "awned" and "awnless" 
groups at the level α = 5%, namely t = −13.005, p < 0.001. 
In GS 3 and GS 6 developmental stages there were no 
statistical differences between D values, p > 0.05. In fact, 
the same results were confirmed also in the use of a non-
parametric test, Mann-Whitney. Thus, only at GS 9 stage, 
there were significant differences between the "awned" and 
"awnless" groups at the level α = 5%, namely U < 0.001, p 
< 0.001. In GS 3 and GS 6 development stages there were 
no statistical differences between D values, p > 0.05. 
Moreover, differences were observed between the fractal 
dimensions determined between the three development 
stages of the wheat plants. Thus, using Oneway ANOVA, 
significant differences are confirmed, with F = 6.67 and p 
= 0.002. Also, using the Kruskal-Wallis non-parametric 
test, values significantly different are recorded at the level 
α = 5%, having x2 = 16.517 and p < 0.001. Thus, the fractal 
dimension obtained from aerial images of wheat crops can 
provide support for the dissociation of the awned/awnless 
cultivars but only in the higher stages of wheat 
development. This indicator can also be used to separate 
the development stages of wheat. 

A series of researches focused on the identification and 
characterization of plant species by leaves' fractal analysis, 
considered as organs with unique and specific features [18, 
20, 29]. Du et al. (2008) [30] presented a database for 

various plants indicating classification methods. Araujo 
Mariath et al. (2010) [31] studied the leaf vascular system 
by fractal dimension of three species Relbunium (R. 
megapotamicum, R. hirtum and R. hypocarpium) 
indicating the utility of such a procedure.  

In the case of this study, the particularities of the ear, 
i.e. the awns (C1-C4 non-awned cultivars, and C5-C10 
awned cultivars) were the defining elements in the fractal 
dimensioning on the basis of which it was possible to 
evaluate the morphological and temporal similarity and 
variability of the 10 studied  wheat cultivars. 

The topological analysis of the wheat cultivars, based 
on the fractal dimensions, has facilitated the dendrogram 
drawing which reflects the degree of similarity and 
morphological and temporal variability of the studied 
wheat cultivars. Based on the Euclidean distances (two-
way layout), a data arrangement emerged from the 
perspective of cultivars and vegetation stages. 

From the perspective of cultivars-induced variability, 
two distinct clusters have resulted, a GNA cluster 
comprising non-awned cultivars (C1-C4), and the second 
GA cluster comprising awned cultivars (C5-C10), Fig. 3. 
 

 
Figure 3 Dendrogram of cluster analysis in winter wheat cultivars based on 

fractal dimension (D), two-way disposing; GS 3, GS 6, GS 9 - growth stage; GNA 
- non-awned wheat group; GA - awned wheat group 

 
In the group of non-awned cultivars (GNA), two 

subclasses have been outlined, a high degree of similarity 
being revealed in C3 and C4 cultivars. The group of awned 
cultivars (GA) also included two sub-clusters, a high degree 
of similarity presenting cultivars C5 and C8. From the 
perspective of the vegetation stages-induced variability, 
two distinct clusters resulted, a cluster comprising the GS 
3 and GS 6 stages that generated reduced variability, and 
the GS 9 stage in an independent position which had a 
major contribution to the differentiation of the results. 

The cophenetic coefficient was 0.998, indicating a 
high degree of safety in grouping and separating the 
biological material based on Euclidean distances resulting 
from fractal dimensions values (D). In other studies, fractal 
analysis proved to be a powerful tool that had facilitated 
the extraction of essential information of the analyzed 
objects in the form of the fractal dimensions (D) and which 
subsequently allowed a clear detection through cluster 
analysis (Euclidian distances) or PCA [32, 33]. 

The results of the PCA analysis were in compliance 
with the variants group based on Euclidean distances. The 
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first two main components of PCA explained 83.576% of 
the variance and allowed the differentiation of the studied 
biological material (Fig. 4). 

PCA analysis based on the obtained fractal dimensions 
(D) facilitated the obvious grouping and separation of the 
studied cultivars into two distinct, awned/non-awned 
groups, with PC1 variation of 57.318% and 26.258% 
respectively in PC2. 

Imaging techniques, using computer vision, have also 

been developed and used in other studies at Triticum, for 
the identification and classification of wheat grains, with a 
high accuracy rate of 88.33% [34] and 94% [35]. 

Fractal analysis, as part of the imagistic technique, is 
therefore a tool that can be successfully used in the 
evaluation and characterization of the fractal geometry, in 
order to evaluate, classify and diagnose the variability of 
agricultural crops, plant carpet, or of dynamics of processes 
and phenomens in time and space. 

 

 
Figure 4 Biplot for awned and non-awned morphological character in 10 wheat cultivars based on fractal dimension (D); GS 3, GS 6, GS 9 biplot represented by growth 

stages. C1 - Avenue, C2 - Pitbull, C3 - GK Koros, C4 - Illico, C5 - GK Rozi, C6 - PG 101, C7 - GK Bekes, C8 - GK 102, C9 - Antonius, C10 - Stefanus 
 

4 CONCLUSIONS 
 
Fractal analysis was an appropriate tool with a high 

capacity to extract data expressed in dynamics by the 
studied biological material. The studied wheat cultivars 
showed significant variation of the fractal dimension (D) 
depending on the vegetation stages and the morphological 
and anatomic properties. 

At the physiological maturity stage, BBCH code 99, 
the morpho-anatomical peculiarities of the studied 
genotypes (awned/non-awned) have generated a high 
variance that was illustrated by the fractal dimension, 
which facilitated the differentiation of the awned cultivars 
from the non-awned ones based on fractal values. 

On the basis of fractal dimensions, PCA analysis has 
facilitated the differentiation of the two groups of 
awned/non-awned varieties with a variation of 57.258% in 
PC1 and 26.356% in PC2 and the Cluster analysis method 
has revealed the existence of various degrees of similarity 
and morphological and temporal variability in the studied 
cultivars. 
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