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Abstract. The content of this publication reveals the results of the selection 
and selection of options for solving tasks regarding selection and 
varietalization of kiwi (Actinidia deliciosa). The “tool” is identified by 
individual varieties according to the leaves available in the leaf contours, 
because in their form the information data characterizing the variety (on the 
phenotype and genotype) are stored in their form. In the context of this 
research work, an analysis of the signs of the morphological order was 
carried out, which are inherent in kiwi leaves on the sheet circuit. For this, a 
system called “Aidos” was used, and the targets were the establishment of 
(indirect) gender of kiwi plants and the identification of varieties based on 
the contour of the leaves. The information obtained using the ASС-complex 
(automated system-cognitive analysis) and the “Aidos” smart system, into 
which the scanned leaves of leaves, was loaded with it, are disclosed. A 
evaluative procedure was performed using the quantitative method of the 
relative sheet circuit of 10 varieties of kiwi. According to the information 
received, class samples of analyzed genotypes based on the sheet 
configuration were compiled systematizing. The effect of the characteristic 
values of the genotypic nature in the most accurate INF4-model of the 
second iteration in the conditions of the integral order (“sum of 
knowledge”). Clastorization of the cognitive nature of classes made it 
possible to differentiate four key cluster structures consisting of 
subcategories, allocated according to the quantitative features of 
determinants of the sheet circuit. 

1 Introduction 
The study of the leaf parameters of culture allows you to identify the mechanisms of plant 
adaptation to the action of abiotic environmental factors, use these indicators for anatomical 
and morphological identification that characterize the biological features of the variety, and, 
based on this, to distinguish the most promising in productivity and plasticity of the variety.                                                                                                                        
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An important diagnostic sign associated with the photosynthetic activity of plants is the 
surface area of the sheet [1-4]. It was revealed that (kiwi) has the largest area of the sheet 
surface and at the same time significantly smaller - the Monti, Bruno and Tomuri varieties 
[1]. 

In addition to the area characteristic of the leaf, the variability of the leaf acts as an 
indicator of the diagnostic order in the course of disclosure and identification of specific 
features of the variety sample from the standpoint of biology, taking into account the climatic 
conditions present during cultivation. This circumstance determines the variability that is 
morphological. In the vast majority of cases, plant crops with extensive eco-plasticity 
(increased variability of the area inherent in the sheet) can more successfully and quickly 
adapt to the dynamic environment, and are also characterized by more favorable prospects if 
the process of growing them proceeds under those conditions of the climate plan that are 
represented by limiting. 

When performing a comparative analysis of retrospective information accumulated over 
many years of research, it is possible to formulate the conclusion according to which the 
changes in the characteristics from the category of “biological” in kiwi (Actinidia deliciosa) 
have a direct relationship with the factors from the category “climatic [4-6]. In particular, the 
personal dynamics, reflected in the form of a variable indicator-coefficient, suggests that the 
degree of variability of female cultures leaves varies from 5,2% to 7% in the spectrum. This 
value is smaller than the male varieties of Tomuri and Matua. At the same time, the latter is 
characterized by more significant variability. 

Understanding the anatomy and morphology of the kiwi plant is crucial for the 
identification of senians of male and female kiwi. Male kiwi seedlings usually have larger 
leaves and form flowers with protruding stamens, while female kiwi seedlings have smaller 
leaves and form flowers with stigmas and ovaries. In addition, the differences in the anatomy 
and morphology of the leaves of kiwi and cherries of leaves can play a significant role in 
determining the floor [2]. 

So, three months after the buds of the kidneys, the area of leaves, both male and female 
plants of kiwi on autonomic and generative shoots, is 128,.6 ± 13,45 cm2 in male plants and 
104,5 ± 4,.02 cm2 in female plants. The shape of the leaves was defined as “folium cordatum” 
(heart-shaped leaf) and “folium robundato-cordatum” (rounded heart-shaped leaf) (Fig. 1). 

  

Fig. 1. The morphology of the sheet Actinidia 
deliciosa: A-the shape of a sheet of a male plant 
(folium rotundato-cordatum); B - the shape of a 
sheet of female plant (folium cordatum) 

Fig. 2. Putically bifurcated leaves are observed 
both in male (A) and in female (B) plants 
 

Higher values of the total thickness of female leaves (190 ± 3,84 microns) were evaluated 
compared to male leaves (174 ± 3,52 microns), which led to a thicker adaxial epidermis of 
the leaves and especially to a thicker, frequent parenchyma of female leaves (136 ± 2,76 μm 
compared with 104 ± 1,61 μm in men's leaves) [1, 2, 6]. Typically bifurcated leaves were 
observed both in male and female leaves (Fig. 2). 

The purpose of our research was to study the morphological signs of kiwi leaves in the 
Aidos system along the outer contour of the sheet, both for identifying varieties on the leaves, 
and for indirect determination of plant flooring. 

2 Objects and research methods 
The objects of detailed analysis in the context of this research work were 10 kiwi varieties, 
which are included in the collection of the genetic type of FRC SSC RAS. Their primary 
information base (database) includes scan-signs of leaves. The instrumental base was the 
“Aidos” system complex (with open IR: http://lc.kubagro.ru/aidos/_aidos-x.htm) and ASC-
analysis (ASCa). With the use of such modern means, opportunities are ensured on the 
formation and use of a measuring system [7-9]. 

First of all, it is advisable to indicate an indication of the fact that the leaves of the plant 
organism are characterized by the most significant convenience and accessibility as an object 
of appropriate survey, because their structure contains information data on the genome and 
other signs from the category of “phenotypical”, depending on the exogenous environment 
and genotype. 

The leaves that were selected for this study were subject to measurement, scan-processing 
and ASCa using “Aidos” [7-13]. Created scan shots are sent to separate folders. The names 
of which include information about the localization and varietal affiliation of the 
corresponding plant. 

In all individual folders, there are scan-images of leaves taken from a separate bush. Their 
names include the name of the class/variety, the license plate of the sheet in the folder and 
directly on the bush. For the presented example, the scenaries of 210 leaves are used as part 
of the sample of the studying purpose. 

For the digital transformation of scan-files, the module 2.3.2.4 is used. Its basis is the 
developed Bandyk D.K. on the production and algorithm prof. Lutsenko E.V. [10]. 

The module execution of its functions ensures the formation of a file in Excel format with 
a sample of the training purpose. The relevant information is displayed in the content of table 
1. Here in the separate lines, six dozen shirts are revealed for the description, six hundred 
gradations and 10 variety/class options. 

Among other things, it is compiled by a table with averaged information on individual 
class clusters. In automated mode, it sets the number of specified gradations and scales of the 
descriptive plan (numerical and text). When an exit to the formation of the model occurs, a 
full-fledged process of transferring the information of digital transformation of graphic files 
(scan-images) into the database present in the “Aidos” system complex is initiated. At the 
same time, the reference books of the corresponding gradations/scales are formed, the 
primary information is encoded and the event base (eventological) and the sample of the 
educational purpose are created. 
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Table 1. Excel file of training sample 

 

3 The results obtained and their discussion 
Based on the data obtained in the application of 2.3.2.4-mode, a holistic and single 
typological scope was created with 60 and 10 descriptive types, in which the quantitative 
composition of gradations corresponds to the value of six hundred. With their help, the 
information was encoded, as a result of which a student’s sample formed, having the form of 
the initial information of the tabular form [7-12]. 

To assess the level of reliability (verification procedure and synthesis) of three models of 
statistical order (matrix form of unconditional and conditional percentage redistributions, a 
correlation matrix) and seven models associated with cognitive-systems, a selection was 
used, which was compiled of 210 sheets with the systematization of images-images of leaves 
of ten graces of grace. The most significant value of reliability was demonstrated by the INF5 
model. The corresponding conclusion was made when using Riesbergen V.  F-criterion and 
developed by Lutsenko E.V. metrics L2 and L1 in 4.1.3.6-mode. At the same time, the 
averaged value of the reliability of the identification of the varietary-shaped is about 83% 
(with the 87-percent reliability of the correct relationship of the sheet to the varietal-shaped 
and 79 percent-the reliability of the correct non-assignment to it is not related to it as a 
sorceresses that is not related to it). Within the framework of the “Aidos” system complex, 
when using the 5.6-mode of the INF5, the model acted as the current one. Within its 
framework, using 4.1.2-mode, we carried out a packet type identification procedure. 

Nevertheless, in the process of its implementation in a large number of situations, various 
kinds of errors appear that have a negative effect on the degree of reliability provided by the 
model. The main causal factor of their occurrence is due to the fact that in the composition 
of the educational purpose of the educational purpose on all class clusters there are “non-
character” leaves for a particular variety, which are different in configuration with the 
majority (polymorphism). 

In the context of this research work, it is advisable to note that within the framework of 
the “Aidos” system complex there is an extensive range of “tools” that allow you to make 
the relevant models better. In order to eliminate and identify in the sample of a student type 
of information about sheets that are non-characterized, 3.7.6-mode was used. This approach 
allowed to find and eliminate 99 such leaves from the sample. 

The establishment of a model that provides the highest degree of reliability, followed by 
the endowment of its status “Model current” when using 4.1.3.6-mode immediately after the 

second iteration, made it possible to formulate a conclusion according to which a large 
number of models have a limit indicator of reliability in part L2-criteria. Nevertheless, the 
most optimal in terms of the indicator-criterion of the integral type of “amount of knowledge” 
(the total amount of knowledge contained in the system of factors of various nature, 
characterizing the management object, control factors and the environment, the transition of 
the object to future target or undesirable conditions) [10, 13) introduced herself an INF 4-
model. Its degree of reliability, according to the developed Lutsenko E.V. metric, reached a 
value of 92% with 100 percent correct identification. Based on the data presented above, it 
is possible to state the inappropriateness of the implementation of subsequent iterations. 

In the context of the presence of proper adequacy, the research work carried out in its 
regard can be perceived as an analysis of the direct object, the model of which is formed [7-
8]. In particular, the level of class determinism seems the more significant than the average 
amount of information data on certain values/magnitudes of factors that relate to the 
transition of the simulated object to the state that lies with the state segment. 

The study of the paret-croat-indicator of the level of class determination in 3.7.3-mode 
allows us to conclude that about 65% of the total significance within the framework of the 
INF4-model is provided by 50% of classes that are the most significant. As for the 
significance of gradations and gradations of scales from the category of “descriptive”, then 
the corresponding pareto-fracture indicates 78% of their total significance, provided by 50% 
of the most significant gradations. 

Using the INF4-model, tasks related to diagnosis, classification, identification and 
identification procedure are solved. Using the INF4-model of the 2-nd iteration, tasks 
associated with the diagnosis, classification, identification and identification procedure are 
solved (Fig. 3 - 5). 

 
Fig. 3. Results of leaf identification with generalized images of the leaves of the Actinidia deliciosa 
(kiwi) varieties: object-class (sheet-sort). The symbol of "√" is worth the results of forecasting 
confirmed on the experience (corresponding to the fact). 
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Fig. 4. The final visual form of recognition results: object-class (sheet-sort). 

 
Fig. 5. Results of leaf identification with generalized images of the leaves of the Actinidia deliciosa 
(kiwi) varieties: class-object (variety list). 

It is worthwhile to analyze in more detail the data obtained during the implementation of 
analytical work using a structural-cluster approach relative to the signs and cluster sectors 
(dendrograms and chart forms of cognitive type). If we proceed from 4.2.2.2-mode, then 
within its framework, class chart forms reveal the distinguishing and general features existing 
between classes. 

 
Fig. 6. The cognitive diagram reflecting the degree of similarity of generalized images of various 
classes (varieties) of kiwi according to the quantitative characteristics of the sheet contour using the 
design of the Heyword variety with generalized leaves of the leaves. The thickness of the line reflects 
the degree of similarity (red communication line) and the difference (blue communication line). 

The content of figure 6 reveals the form of the output plan (one of them), in quantitatively, 
the limiting level of similarity of a certain variety -shaped with the subjects to systematize 
with images of different kiwi genotypes. 

The Heyword - class construct includes all the tests studied and the levels of similarities 
and the differences between them are shown. So, the Heyword variety has 10% similarity 
with a generalized way of the Ebbot variety, and with male varieties of Matua and Tomuri 
similarity is 11-13%. Tomuri male variety is as different from all varieties, insignificant 
similarities (4%) with the female variety of Bruno, the matuity has 28% similarity with the 
female plant of the Heyword Russian plant Russian. 

Information about the distinctive and general features of class clusters, reflected in the 
similarity of the matrix form, can be visualized not only in the form of cognitive diagrams, 
but also in the form of dendrograms of the agglomerative plan obtained in the process of 
clustering the cognitive order [13, 9, 7]. The relevant information is displayed in the content 
of figure 7. 

Based on the formed dendrogram, which is classic, it is possible to state the following: 
the total set of signs of signs differentiate four separate clusters with concretized severity. 
The categorization of kiwi varieties according to the signs of determinants from the category 
“quantitative” inherent in sheet contours is clearly traced. The relevant information is given 
in the content of table 2. According to poles, the process of converting the modeled object in 
the conditions that properly meet the classes at the poles of the class construct is determined 
by the poles associated with the signs of the construct. The relevant data is disclosed in the 
content of figure 6. 

Cluster №1 (indicated using green colors in figure 7) consists of a pair of varieties of 
female plants of kiwifruit culture (Ebbot and Heyword), the similarity of which is minimized. 

The second, the most numerous, includes a subgroup with the varieties of Monti and 
Bruno with 11% similar parameters of the sheet of the sheet with a small area of the sheet, 
the subgroup of male varieties of the Matua and Tomuri, the dissimilarity of which with 
female varieties is 13%-17%. 
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The Matua has the largest variability of the area of the leaf surface, the similarity with 
Heyword Russian is 28%, Tomuri has much less.  Kivaldi and Heyword, also included in this 
cluster, have a great variation of sheet parameters. Separately cost Monti C and Ellison. Thus, 
the data obtained confirm that the variability of the leaves of female plants is much lower 
than that of male.
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The Matua has the largest variability of the area of the leaf surface, the similarity with 
Heyword Russian is 28%, Tomuri has much less.  Kivaldi and Heyword, also included in this 
cluster, have a great variation of sheet parameters. Separately cost Monti C and Ellison. Thus, 
the data obtained confirm that the variability of the leaves of female plants is much lower 
than that of male.
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Fig. 7. The dendrogram of cognitive clusterization of the classic type, reflecting the degree of similarity 
and differences in classes (varieties of kiwi) according to the quantitative characteristics of the sheet 
contour. 

4 Conclusions  
From the above data, it follows that on the basis of leaf contour outlines and using the 
measurement technologies, ASA and the Aidos system complex, it is possible to organize and 
carry out the identification procedure relative to individual Actinadia deliciosa (kiwi). The 
use of an agglomerative-cognitive type clustering made it possible to differentiate the 
analyzed plant culture genotyles provided by the FRC SSC of the Russian Academy of 
Sciences, highlighting four key cluster structures consisting of individual substructures. The 
results of the research work indicate the presence of a polyploid structural device in kiwi. 
Such an analysis makes it possible to distinguish between individual genotypes an essential, 
pronounced polymorphism. Reflecting certain leaves of the model using the information 
theoretical concept provide data in the components of their contour outlines about the 
belonging of leaves to specific varieties. 
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