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Abstract:The conceptualization of the domain knowledge 

“selection and placement of a crop” was carried out. The model 

contains ontological entities – classes and the relationships 
between classes, presented in the Unified Modeling Language 
format. The model describes five classes – “Crop”, “Crop 

biology”, “Conditions for growth and development”, “Control 

actions”, and “Placement”, as well as a list of characteristics that 

affect the performance targets of factors. An algorithm based on 
the control matrix has been proposed. With the participation of an 
expert, values from zero to one were assigned for seven factors of 
“Control actions”, based on the assumption that the control 

actions affect 22 factors of three other classes: “Crop biology”, 

“Conditions for growth and development”, and “Placement”. A 

crop selection can be performed by comparing these matrices with 
each other. A flow diagram for the preparation of decisions for 
crop cultivation management, which includes 84 control action 
chains, has been proposed. Each of these chains was also rated 
from zero to one for conformity with a certain ideal agronomic 
strategy. According to these estimates, it is possible to obtain the 
strongest and weakest strategies for the decision-maker. The 
structural management of crop selection and placement does not 
include changing of the models that calculate numbers in the final 
tables for each crop, but rather is the development of criteria for 
the presence of the class characteristics in the table for the domain 
knowledge. Adding or removing characteristics for each crop 
changes ratings and total values. Artificial intelligence identifies a 
set of strategies according to the algorithm of their evaluation, 
which was developed with the participation of an expert. 
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I. INTRODUCTION 

The selection of optimal placement of agricultural plants 

in a specific territory factoring in the necessary growing 
conditions is one of the main challenges in crop production 
[1]. 

There are several widely-known approaches to solving this 
problem: decision-making based on the selection of 
significant influence factors; development of evaluation 
criteria based on fixed reference data; stochastic modeling of 
the processes; compile time series based on the geospatial 
data; simulation modeling, etc. 

Scenarios for practical application of these approaches 
have the following common features: the use of mathematical 
models and the selection of key parameters and an acceptable 
variability range. The values of the predicted results are 
controlled by varying the parameter values within the range 
boundaries. Such a control method in system analysis is 
called “regulation”, or fixed value control [2]. In a situation 
where no parameter value variation within the chosen model 
predicts acceptable results, researchers have a choice: either 
admit that the used model in its existing form is incorrect and 
attempt to change it within the framework of the regulatory 
paradigm, or choose another model within the same 
paradigm, assuming the risk that the new one can be 
inapplicable in certain conditions, or switch from the fixed 
value control method to structural management [2]. 

The concept of structural management is associated with 
modification of the structure and content of the data that 
forms the input for the regulatory model [3-5]. Such data that 
form the input of a model, its origin, types, and coupling are 
collectively called the domain knowledge [6]. Its 
modification in order to obtain better predictions of the 
results is called the conceptualization of the domain 
knowledge. For example, Dunin [7] proposed a new 
conceptual construct – the concept of immunogenesis – to 
describe the development of a plant organism in time-varying 
ecocenoses, which has led to the formulation and solution of 
plant genetic modification challenges in recent years. 
Similarly, domain knowledge conceptualizations were 
developed by such famous scientists as Mechnikov [8], 
Michurin [9], Vavilov [10], von Liebig [11], Sjörs [12], 
Baker [13], and Mendel [14]. All these results formed the 
basis of the accepted scientific paradigm of the study of the 
interaction of society and nature. 
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Conceptualization is a methodological procedure for the 
introduction of certain ontological representations into a 
certain array of empirical data, which is aimed at the 
systematization of knowledge (conceptual identification) and 
theoretical organization of knowledge, as well as a 
schematization of the connections between concepts. The 
current challenge of the scientific conceptualization of a 
domain knowledge is the selection of appropriate observed 
and measured conditions and factors affecting agricultural 
results that need to be used in any regulatory model that is 
assumed to yield adequate solutions. The subject of our 
domain knowledge research was “the assessment of crops 

according to their biological requirements for growing 
conditions” and the construction of a conceptual model for 
the selection and placement of crops in a particular area. This 
domain knowledge is considered in various aspects in the 
previous papers [1, 15, 16] and we believe that it can be 
abbreviated as “crop selection and placement”. 

Aim of the study: Conceptualization of the domain 
knowledge and development of a methodology for crop 
selection and placement using the methods of artificial 
intelligence. 

II. MATERIALS AND METHODS 

To visualize the conceptual model of the domain 

knowledge “crop selection and placement” with the use of 
diagrams, the Unified Modeling Language (UML) was used. 
The UML is a graphical notation that is designed to model 
and describe processes taking place in the subject field. We 
used one type of diagram – class diagrams. Class diagrams 
are used to represent the static structure of a system model in 
the terminology of classes of object-oriented programming. 
These diagrams reflect the structure and composition of the 
subject field through the description of its individual entities 
– classes – and describe the internal architecture of classes 
and the relationships between them.  

III. RESULT AND DISCUSSION 

The conceptual model of the domain knowledge “crop 

selection and placement” contains ontological entities – 
classes and the relationships between them, depicted in the 
form of a UML diagram (Figure 1). The class is depicted in 
the form of a rectangle with its name and a list of 
characteristics – attributes, the values of which vary for 
different objects – members (or instances) of the class; each 
of these characteristics is a factor that affects the target 
indicators. The central class in the model is “Crop”, the other 

four classes characterize the factors that influence the 
decision-making on the selection and placement of a crop on 
a given territory. 

 

 
Fig. 1: The diagram of the conceptual model of the domain knowledge “crop selection and placement” 

 
 
 

 
 

 

Crop biology 

+ Stages of the organogenesis 
+ Plant requirements for light conditions 
+ Plant requirements for heat supply and 
temperature conditions 
+ Plant requirements for soil moisture 
+ Plant requirements for water and air 
regimes of soils 
+ Plant requirements for the physical and 
chemical conditions of soils 

Crop 

+ Crop biology 
+ Conditions for growth and 
development 
+ Control actions 
+ Placement 

+ Agricultural lands 
+ Agricultural technologies 
+ Intensification levels 
+ Productivity of land 
+ Quality of products 

Placement 

+ Cultivar selection 
+ Crops placement with regard 
for optimal forecrops 
+ Soil cultivation systems and 
methods 
+ Sowing times, seeding rates, 
seeding depth 
+ Regulation of plant mineral 
nutrition 
+ Weed, disease and pest control 
+ Harvesting times and methods 

+ Vegetation period duration 
+ Required effective heat sum (≥ 5, 10, 15℃) 
+ Amount of precipitation during the 
vegetation period 
+ Minimum temperature required for the plant 
to undergo organogenesis 
+ Times of the first and last frosts 
+ Optimum moisture content in the root soil 
layer 
+ Groundwater depth 
+ Particle-size composition and density of soil 
+ Soil acidity, alkalinity and calcareousness 
+ Availability of mineral elements 
+ Degree of soil erosion 

Conditions for growth and development Control actions 

Implementation 
Dependence 
Composition 
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The conceptual model “crop selection and placement” can be 

used in a certain algorithm for the selection and placement of 
a crop, regardless of the number and composition of class 
characteristics within each block. The simplest technique in 
the framework of the structural management of the 
decision-making process involves the addition or rejection of 
subject field elements that directly or indirectly affect the 
performance targets. In the future, it will be possible to obtain 
various decisions for the choice and placement of a crop, 
depending on changes in the contents of the classes without 
changing this algorithm itself. We give an example of such an 
algorithm below. 

Using the seven blocks listed in the class “Control actions” 

(CA) in the management, we assume that we affect 22 factors 
in the other three classes: “Crop biology” (CB), “Conditions 

for Growth and Development” (CGD), and “Placement” (P). 

A table can be compiled for each crop connecting seven 
control functions with plant development (CA 1 – CA 7) and 
the other 22 factors (CB 1 – CB 6, CGD 1 – CGD 11, P 1 – P 
5) with a total of 154 cells (Table 1). 

 
Table 1: Control matrix for a crop 

 CA 1 ... CA 7 

CB 1    

...    

CB 6    

CGD 1    

...    

CGD 11    

P 1    

...    

P 5    

 
Zero is assigned to each cell if the block of the “Control 

actions” class does not affect the factors of a particular class 

and if it does, a number from zero to one is assigned. The sum 
in the block column should be equal to one. These values are 
assigned according to known reference or experimental data 
with the involvement of experts. For example, if by the 
beginning of the vegetation season in spring the haulm stand 
density is insufficient or there is a delay in the development 
of crops (late sowing, late development of seedlings due to 
lack of moisture, winter killing of winter crops, etc.), it is 
advisable to apply an increased dose of nitrogen fertilizers for 
the first top dressing as soon as possible, which will stimulate 
tillering. The second top dressing using nitrogen fertilizers 
and early (at the beginning of the reasonable time) treatment 
with retardants (which, while promoting resistance to 
lodging, also stimulate tillering) serve the same purpose [17]. 
This example illustrates the effect of fertilizers on the growth 
and development of plants, which is mentioned in the class 
“Control actions”. 

Therefore, there is a table with 154 numbers from zero to 
one (the sum of which is seven) for each crop. By comparing 
these tables for different crops or their individual rows, one 
can choose a crop. Each time it will be a different argument. 
A sum of seven allows considering a separate matrix space 
with such a common property. In three-dimensional space, it 
looks like a 22 × 7 “platform” with columns corresponding to 
the ratings. The total volume of columns on the “platform” is 

seven. A comparison may be performed in different ways, 
mathematically, this will mean the introduction of a measure 
on the space of these matrices. One measure may be a 
comparison of the densities in the “productivity” line. A 

measure may be complex – productivity and several other 
factors (other lines). However, a complex measure may not 
include rows, but a set of table cells. The concept of our 
approach is that the measure is different depending on 
various conditions. Therefore, during the search for the 
solution of a task of selecting and placing a crop in a function 
of an agricultural intelligence system, it will also be 
necessary to introduce a space of measures over the space of 
these matrices. The shift in the space of measures will occur 
depending on the distribution of conceptualized domain 
knowledge within the general knowledge. A domain 
knowledge structure with higher capacity in any part of the 
general knowledge gives reason to use a measure that takes 
this depth into account. Therefore, an infinite 
four-dimensional set of models is created. The model can 
change in four coordinates (dimensions): the number and 
composition of control factors, the number and composition 
of controlled factors, the method and principles of rating, the 
method of comparing matrices. This is the main advantage: 
the rejection of a specific fixed model and the mobility of the 
model in four-dimensional space, depending on the problem 
definition, data available for analysis, and random factors 
taken into account. The correct filling of the table and choice 
of the operator (function, criterion) for tables comparison are 
of substantial significance in this algorithm. In practice, first, 
an expert does this and then machine learning technologies 
are applied [18, 19]. With a range between the highest and the 
lowest estimates for each crop, various criteria can be used to 
select a crop for placement. 

In addition to the algorithm of “crop selection and 

placement”, we propose a flow diagram for decision-making 
on managing the crop cultivation process (Figure 2). Before 
applying a control action, simulation modeling is performed 
to predict the effects of this action. This is a standard feature 
of the decision support system [20-22]. The diagram 
presented in Figure 2 allows tracing the possibilities of 
control of the cultivation process from the class “Control 

actions” to the class “Justification and formulation of the 

optimal final result” (JFOFR). 
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Fig. 2: Diagram of the decision-making process 

 
The control links are indicated by the numbers 1 to 4 in red 

frames. The entire control chain, which forms the basis of 
simulation modeling, passes through the following classes: 
“Control actions” (7 attributes), “Crop” (4 attributes), 

“Operational management” (3 attributes), and JFOFR (1 

attribute). Evidently, the total number of the control action 
chains will be 84 (7 × 4 × 3 × 1). Each of these chains (we will 
designate them using the first three components, as the last 
link will be the same for all chains due to the lack of attributes 

in the JFOFR class) can be rated from zero to one for 
conformity with a certain ideal agronomic strategy. 
According to these ratings of control chains, it is possible to 
obtain the strongest and weakest strategies for the 
decision-maker (agriculturalist). The weakest strategy 
provides the least control effect and the strongest strategy 
provides the greatest control 
effect. 
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 The weakest strategy is a limited, albeit guaranteed 
management factor – if this strategy may be used for 
management, then other, stronger strategies will also work. 
The indicators obtained or evaluated for this strategy may be 
used as the lowest estimates. The same can be done for the 
strongest strategy. If the strongest strategy does not work 
when certain indicators are reached, then the weaker ones 
will not work either. Due to this principle, upper estimates for 
the indicators can be obtained. Using a similar mechanism, J. 
von Liebig [11] formulated the law of the limiting factor. 
The efficiency of this approach depends on the correct 
assessment of the strategies of the agriculturalist, i.e. chains 
of control. The computer will easily identify the entire set of 
strategies, but the algorithm for their evaluation and rating 
should be developed with the participation of an expert. It is 
possible that the rating of strategies may be constantly 
updated, depending on various random factors, as well as on 
the emergence of new data on the use of these strategies in 
other areas and regions. 

IV. CONCLUSION 

The implementation of the structural management of crop 
selection does not include changing the models that calculate 
numbers in the final tables for each crop (although this is 
important, it is done once and the result remains unchanged), 
but rather is the development of criteria for the presence of 
the subject field elements in the table. Adding or removing 
elements for each crop will change ratings and total values. 
Account must be taken of the fact that exclusion from the 
analysis of a factor that may be insignificant for one crop can 
greatly corrupt the final result for another crop. From these 
considerations, it may be concluded that all factors or 
elements of the domain knowledge must be present in the 
management matrix for the crop. This is not a problem for 
modern computing tools. The conceptualization of the 
domain knowledge or even its part outlined by certain criteria 
is an endless problem and with the growth of the volume of 
structured and detailed information, the risk of not taking into 
account any data tends to zero. However, the risk to spend 
resources on the solution of an unnecessary problem always 
remains, even with all input data. 

The presented options that offer solutions are the specific 
positions of the decision support system. A decision-maker 
(agriculturalist) relies on such positions with a certain degree 
of confidence for the selection and placement of a particular 
crop in a given territory. The domain knowledge “crop 

selection and placement” is only one of the factors that are 

taken into account when a managerial decision is made in an 
agricultural enterprise. 
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