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Abstract: The application of advanced plant-based technologies to optimize agriculture productivity, sustainability
and crop resilience is referred to as precision phytotechnology. The use of cutting-edge tools such as genomics and
associated bioinformatics, microbial biotechnology, remote sensing and the use of Al-driven data acquisition and
analysis helps understand and enhance crop performance, improve resource efficiency and mitigate environmental
impacts due to climate change. In this review, the principles of functioning and methods of using information
support of biocenology (study of biotic communities), principles of development of phytology (plant science), its
phyto-productology (plant natural product research), reductive efficiency of soil microbiota of phyto-cenoses (plant
communities) are highlighted. The theory and practice of phyto-cenoses production in Ukraine, the hardware and
software of precision phyto-technologies used and their realization methods, are summarized along with materials
on environmental aspects of application of precision phyto-technology and their efficient use. The review is
designed for managers of agro-consulting companies managing commercial agriculture, graduate students, and
researchers in the field of plant production.
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1 Introduction

In recent years, information phytotechnologies,
including cultural phytotechnologies and their
information agriculture, have been gaining popularity.
The aim is to support sustainable production of a wide

range and optimum high-quality safe phytoproducts
based on environmental principles and economic
justification. Global climate change and other
environmental challenges demand new strategies for
advancing life sciences research. These strategies
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should support sustainable ecosystems in both urban
and rural areas, particularly their plant communities
and water bodies. This approach can be achieved in
three stages: theoretical justification, education and
research, and application in production and business.

In the developing countries of the world,
information technologies based on the use of satellite
navigation systems, computer software, technical
vision systems, new types of automated machines, etc.
are becoming particularly widespread [1-3] as
technology and technical skills advance. There is a
need to develop new principles for the formation and
functioning of natural, human-made (anthropogenic),
and cultural ecosystems, as well as their self-regulating
biogeocenoses (which are ecological units consisting
of interacting communities of organisms and their
physical environment), using complex ecological and
interacting community based information technologies.
In recent years, researchers at the Institute of
Agroecology and Nature Management of the National
Academy of Sciences of Ukraine and the National
University of Life and Environmental Sciences of
Ukraine have started such studies in both theory and
practice.

Information phytotechnology is a system for
obtaining continuous information about the state of
phyto-productive diversity of ecosystems, their
associated biodiversity, and modeling the laws of
optimal control of phytocoenoses, as well as the
introduction of technological materials that affect the
optimization of plant growth and development. An
analysis of the development of the agro-industrial
complex in different countries shows that several areas
of ecosystem management are being developed in
them, which differ significantly from each other
primarily in terms of parameters such as economic,
energy and environmental inputs. In particular, these
areas can be logically divided into such groups as the
production of phytoproducts with the use of synthetic
preparations (extensive and intensive farming) and
without their use (natural or biological or organic and
biodynamic farming).

In recent years, efforts have focused on identifying
promising production areas supported by modern
technical and information technologies, such as no-till
farming, precision farming systems (PFS), and
information phyto-technologies (IP), including the
information farming system (IFS). In our opinion, the
production of phytoproducts from cultivated
phytocoenoses should include several key elements
such as 1) organizational and technological, 2) legal,
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certification and standardization, 3) cultivation of raw
materials under different farming systems, 4) storage
and transportation of raw materials, 5) processing of
raw materials and 6) production of high-quality and
safe products, 7) transportation and storage of products,
8) product sales, and product consumption. The
principles of plant protection, include the control of
economically damaging (harmful) and beneficial
(useful) biodiversity that is directly or indirectly related
to crops, raw materials or products, which play an
important role in all stages of production. It is based on
these principles that it is logical to consider biodiversity
control in a single technological process of
phytoproducts production.

Among these production stages, special attention
should be paid to the development of laws for growing
crops under different farming systems with
justification in its unified technological process of
controlling the biodiversity of agroecosystems. It
should be emphasized that the literature contains many,
and in some cases controversial, principles for
classifying farming systems. For example, some
authors [4-6] mention the existence of several areas of
alternative farming such as, organic, biodynamic,
biointensive mini-farming, low-cost sustainable
farming, and ecological farming.

It is well known that crop yields depend on a
complex of factors such as soil type, nutrient
availability, water balance, climate, as well as plant
requirements for soil structure and nutrients, heat,
aeration, protection from pests and diseases. Therefore,
the problem of building crop models is extremely
complex and multifaceted, and more so in the current
global climatic changes. In production and research
activities related to the cultivation of crops and
production of plant products, the question arises of the
expected level and volume of such products in a certain
area, i.e., the yield potential. The scientific study of this
issue dates back to the 19th century and has a long
history [7].

2 Problem Formulation

The phytomicrobiome (or Phytocoenoses), is a
subsystem of biotic communities interacting with
biogeochemical components of the environment, and
are formed by a relatively stable grouping of plant
organisms, of one or many generations, occupying
specific geographic locations and maintaining close
ties with its other components, including microbial
communities [8]. In natural environments, biotic
communities particularly plant-microbial systems
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(PMS), develop within soils as part of the
phytomicrobiome [9, 10]. Microbial communities (or
microbial cenosis) is considered to be the largest unit
of classification of microbial communities in the
biological systems hierarchy. Although considered as a
lower-ranking system within a higher-ranking
biogeocycle system, it would be appropriate to refer to
it as an open biological system of the super-
organizational level [11]. It belongs to the class of
highly complex systems, where the connections
between elements are less rigid than in deterministic
systems. A microbiome shows systemic features such
as high mobility, changing ratios of components, and
behavior governed by statistical patterns [12, 13].

Agriculture  microbiome (Agribiocenosis) is
characterized by low ecological reliability because
agribiocenosis is not able to self-regenerate and self-
regulate, but rather cause increased productivity during
favorable agriculture conditions [11]. The basis of
agro-microbiome depends on environmental factors,
genotypes of the plants cultivated (agrophytocenosis),
which are artificial plant communities formed on the
basis of agrotechnical measures in agricultural
landscapes.

While agriculture on land is well developed and
reasonably well understood, researchers in Ukraine are
paying particular attention to experiments on the
development of technologies for the creation of
advanced life support systems for space crews. One of
the methods is by creating microgravity in the research
greenhouse as experienced in the universal docking
module of an International Space Station. However, as
of'today, technologies for cultivating a number of crops
on artificial non-renewable substrates for growing
plant vitamin products for crew members have only
been developed. The development of methods to
increase the service life of greenhouse chambers for
growing plants without replacing the artificial non-
renewable substrates will require the development of
productive plant microbial systems in microgravity
conditions. This has to be accomplished while ensuring
that the three main processes that create the
phenomenon of life on Earth: photosynthesis, nitrogen
fixation and mineralization are effectively maintained.
Thus, a set of individual features is not enough for the
formation of effective plant microbial systems; it is
important to search for systemic criteria,
morphological and functional changes in cells that
characterize the adaptive and productive features of
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plant microbial systems associated with their strategies
of life in natural and artificial environments.

Researchers can avail of clues to study microgravity
using classic examples of legume/mycorrhizal
symbiosis, since one of the most studied plant-microbe
interactions. In the symbiotic system between nodule
bacteria and legumes, nitrogen fixation represents the
most ecologically important process. Legumes increase
the amount of nitrogen available to plants and,
indirectly, ensure the preservation of carbon in the soil
as part of mineralized plant biomass [7, 11]. It has been
shown that most nitrogen is stored in the rhizosphere of
plants [14], microbial biomass [15], and as organic
matter [16]. However, recently, more attention has
been paid to the study of biological mechanisms of
nitrogen transfer to deep soil layers and the impact of
these processes on global changes of the nitrogen cycle
in nature [17], and in the role of soil microbial
communities in regulating nitrogen turnover [18]. For
example, Orwin et al. [19] showed that fast-growing
plant species in interaction with microbial complexes
contribute to the enhancement of mineralization
processes and increase soil nitrogen losses through
denitrification processes. According to the authors,
fast-growing plant species had the capability to
increase the volume of denitrification due to their
influence on the denitrifying microorganismal
community. In contrast, slow-growing plants with high
nitrogen-use  efficiency reduce soil nitrogen
availability, promoting the development of microbial
communities dominated by micromycetes.
Mycorrhizal fungi are known to play a role in plant
nitrogen uptake. In nitrogen-limited systems, certain
micromycetes can establish direct transport pathways
from organic matter to the plant, enabling it to bypass
the inorganic nitrogen cycle and thereby reducing
nitrogen losses [19].

Other possible ways of solving the problem of
forming effective plant-microbial systems include
increasing plant resistance to climate change [20],
water deficit conditions [21], and leveraging
mycorrhiza’s ability to boost plant resilience under
limited water availability in the rhizosphere. Some
researchers [22] have shown a direct link between the
composition of soil food chains and ecosystem
processes. It was based on the formation of microbial
cenoses, where a large microbial biomass creates a
network of energy channels made up of micromycetes
and bacterial components. In our opinion, the
formation of a relatively stable spatial organization of
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the rhizosphere microbiota can help reduce nitrogen
and carbon losses in the soil.

The control of the species composition of vegetation
within floodplain pastures, or the use of intercropping
(growing two or more crops in the same field), may
have additional benefits for stabilizing ecosystem
processes, such as nitrogen conservation and crop
production in drought conditions. For example, the
presence of more drought-tolerant plant species could
reduce the impact of such disruptions on protein
metabolism and yield loss [23].

In addition to these direct effects, plants can
indirectly affect nitrogen metabolism through their
ability to influence microbial cenosis and change the
physical and chemical properties of the soil, including
the content of phosphorus and sulfur compounds [24].
Phosphorus enters the root system of plants in the form
of orthophosphoric acid anions (H*PO4, HPO4*, PO4*
) [25]. All phosphorus transformations in the body are
associated with the addition or transfer of phosphoric
acid residues, ie., phosphorylation or
transphosphorylation. Phosphorylated molecules of
sugars, organic acids and other compounds can transfer
phosphoric acid residues to other substances.
Subsequently, in the process of substrate, oxidative and
photosynthetic phosphorylation, the cell's energy
compounds, ATP, are formed. ATP is a source of
energy for most cellular life, and hence, phosphorus
deficiency affects all processes in the cell. This means
that phosphorus is not reduced in cells, and in all
compounds, it is only in the oxidized form.

Plants absorb sulfur from the soil in the form of
sulfate SO4*. Sulfate can accumulate in the roots and
shoots in an unreduced form, but in order to incorporate
sulfur into organic compounds, it must be reduced to
sulfide. Sulfate reduction occurs mainly in chloroplasts
and requires photosynthetic products such as ATP and
reduced ferredoxin. The process of sulfate reduction
begins with the activation of inert sulfate. The process
is carried out with the help of ATP in the presence of
magnesium ions. These are some of the key distinctions
between phosphorus transformations and those of
nitrogen or sulfur.

Therefore, by maintaining a high level of microbial
activity in the rhizosphere, the plant can largely
coordinate the activity of nitrogen and phosphorus
cycling processes and ensure the supply and
assimilation of nutrients transformed into readily
available mineral compounds.

Despite the fact that there are many methods for
stimulating soil microbiota, most of them are not taken
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into account in ecosystem control methods. The study
of the relationships in the plant-soil microbiota system
is necessary in the development of methods to ensure
the most efficient movement of nutrients in the
rhizosphere soil. In this context, soil and vegetation
sensing can be performed using both remote sensing
and proximal sensing. In such technologies, sensors are
used for various purposes, including the study of
quantitative spatial and temporal changes in plants and
soils. Currently, advances in electronics development
allow us to quickly receive clear signals that can be
used to create special recommendations for an
information site. It is now possible to create broad-
spectrum measurement systems based on new
principles and approaches and deploy them in the field.

The proximity sensors operate while the equipment
moves across the study landscape, measuring
indicators, analyzing the data, and generating a large
amount of information about soil properties. This
information can be recorded along with geographic
coordinates for future geospatial data processing, such
as in maps or programs. Generally, "on-the-go" sensors
can be moved across the field using a tractor, all-terrain
vehicle, pickup planter, sprayer, or in a combine and
combination. Such systems can record yields, crops
and soil properties, as well as field elevation using
high-precision Global Navigation Satellite System

(GNSS) receivers.
Crops grown are another indicator of soil
characteristics that interact with agro-climatic

conditions and agricultural practices. Monitoring
vegetation cover is crucial for the early detection and
mitigation of stresses. During the growing season of
corn, researchers have used remote sensing to study
plant biomass using calibrated color positive and color
infrared images to predict the nutrient requirements
[26].

According to modern requirements, crop Yyield
management is correlated with the result of spatial and
temporal changes in the rhizosphere microbiota of the
soil associated with wvariations in the physical,
chemical, and biological properties [27]. The
biodiversity of bacterial communities depend on the
type of soil and its texture [28].

Special sensors can be used to monitor and map the
soil, and the information obtained from them was
correlated with the data on the spatial heterogeneity of
the soil microbiota content, using the approach
described in [29]. Soil biota processes soil organic
matter, and residual degradation is involved in nutrient
cycling and contributes to the stability of soil structure
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[30]. Therefore, in our opinion, it can be considered as
indicators of soil quality based on the results of
microorganisms' adaptation to environmental changes,
such as stress from water shortage or root hypoxia due
to flooding, lack of congenial substrates, presence of
pollutants, the speed of response of plant-microbial
systems to the application of soil management methods
and land use practices.

Our proposed scheme for studying the formation of
effective plant-microbial systems was used to develop
new approaches to the modern scientific field of soil
bio-sensitivity. To achieve this goal, we developed a
spatio-temporal model of plant-microbial system
architecture, providing a framework for understanding
the spatial variability of soil microbiota and supporting
the development of improved soil management
strategies. Despite the relative limitation of the analysis
of colony growth rates, symbiotic and associated
microorganisms with soil characteristics and
photosynthetic activity of plants, the figures to
correlate rhizosphere microbiota development with
physicochemical parameters of soil samples and plant
vegetative index can be generated.

The above suggested method for example can be
used to check the presence of Bacillus and
Pseudomonas bacteria in a biofilm and the correlation
with soil pH and buffer pH. The content of
Pseudomonas in the biofilm and the correlation with
the quantitative content of K, Ca, Mg, and Al elements
in the soil and a correlation between clay content and
the presence of Rhizobium in the samples, all suggest
symbiotic partnership within a given soil microbe
population. It is known that population formation of the
genus Rhizobium depends on the rhizosphere
architecture of the macro-symbiont [31, 32]. A slope of
the growth curve for diazotrophic bacteria such as
Rhizobium and Bacillus, at a range of sample sites can
be calculated as a correlation with physical (clay
content) and chemical (acidity) soil properties as
shown in Fig. 1a and 1b.

To determine the Excess Green Vegetation Index
(E+xG) of experimental plants, we propose using
proximal digital imaging of sampling points in the
VIS—NIR range, specifically the visible (520—590 nm),
near-infrared (630-685 nm), and red-edge (705-745
nm) bands, to calculate the vegetation index at selected
field locations. A relationship was identified between
plant vegetation index values (Excess Green) and soil
electrical conductivity (Fig. 2a), as well as between
Excess Green and soil organic matter content (Fig. 2b).
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Fig.2 Regression models of excess green plant
vegetation index based on bacteria development with
soil physicochemical properties, a) on electrical
conductivity, and b) on increasing soil organic matter
percentage.

3 Problem Solution

Currently, non-destructive optical methods are widely
used for objective assessment of the physiological state
of plants [32], since, most of the existing methods do
not allow to trace the dynamics of optical properties of
photosynthetic and intracellular structures of the leaf.
They are also difficult to implement in a compact rapid
diagnostic system for determining the current state of
plants.

Stationary spectroscopy methods were originally
used in studies of whole photosynthetic cells and
chloroplasts, in order to gain more accurate and
differentiated information about the complexity of the
photosynthetic apparatus by increasing the spectral
resolution and combining different types of
spectroscopic measurements [33]. This approach
revealed the heterogeneity of the organization of the
chloroplast pigment system due to the existence of
native forms of chlorophylls that interact with each
other in the process of energy transfer. Native forms of
chlorophyll are pigment-pigment interacting groups of
molecules that are held in close spatial proximity to one
another. Further studies of the spectral characteristics
of chlorophyll in the cell in comparison with the
calculated model systems have allowed us to form an
idea of the existence of aggregated forms of
chlorophylls in vivo [34]. The data on the study of the
anisotropy of the spectral characteristics of the pigment
system of the photosynthetic apparatus obtained on
whole objects with the interpretation of the spatial
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location of native forms are known [35]. The traditional
method involves the extraction of individual pigment-
protein complexes from chloroplasts, determination of
their  biochemical composition, spectral and
photochemical properties [36]. However, it has
significant disadvantages associated with damage to
native forms of chlorophyll and pigment-protein
complexes (PPC) during their release. A theoretical
analysis of the peculiarities of energy transfer in
heterogeneous systems of photosynthetic cells has
proven that by the spectral studies method of
organizing photo-membranes, energy stabilization at
photochemical centers can be achieve. And various
theoretical models of the arrangement of pigment
forms can be also be calculated [37].

Studies on whole cells and chloroplasts established
key principles for the organization of the
photosynthetic pigment system. These principles
include, a) energy  heterogeneity, = where
photosynthetic cells contain a whole set of different
native pigment forms, each with distinct energy
properties, b) substantiation of its functioning in order
to confirm and explain the system, and how energy is
transferred in a specific, non-random direction, and c)
finally the role of pigment-pigment interaction, where
chlorophyll molecules interact with one another,
which is crucial for organizing these native pigment
forms [37-40].

A frequently employed technique involves studying
the kinetics of optical characteristics in plant tissue by
analyzing backscattering indices. This approach allows
researchers to concurrently investigate the kinetics of
integral scattering intensity and determine the dynamic
changes in the concentrations of various structural
elements within the leaf mesophyll, treating the leaf as
a complex optical and biological system. Depending on
the external conditions, the leaf mesophyll changes the
morphology of assimilation tissues, geometric cell
sizes, content and ratio of chlorophylls and carotenoids.
Consequently, leaf blade tissues are optically
heterogeneous media, where the Monte Carlo method
is used to estimate the absorption coefficient. This
allows for comparing the spectrometry results with
modeling results and data from other authors [41]. In
existing publications, the complex mathematical model
of leaf' blade morphology were simplified, and only flat
mesophyll layers were considered in areas without
venation and surface villi. The inner layers were
combined into one with averaging of optical
parameters, since these layers were believed to make
little contribution to backscattering.
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For example, the shape of the spectral reflectance
curves of leaves in the "red edge" region is very
sensitive to the chlorophyll content [42-43]. A
quantitative indicator of these changes can be the ratio
of the intensities of the two main maxima in the graph
of the 1st derivative (12/11), located in the intervals of
722-725 nm and 700-705 nm. Using this regularity, we
have obtained linear and nonlinear regression
equations for calculating the pigment content based on
spectral characteristics. Along with the 1st derivative
method, a principal component method was developed
that allows for a quick estimate of chlorophyll content
in the case of incomplete projective coverage with high
accuracy of spectral measurements. The spectral
reflectance curves of vegetation in the visible range can
be used to test such important parameters as the supply
of nitrogen nutrition to plants [44-45].

There are different approaches to using vegetation
indices based on sensor measurements and calculating
them using algorithms to determine the Nitrogen
Sufficiency Index (NSI), as previously mentioned.
Some nitrogen application rates are described by
algorithms recommended for use to achieve the
potential yield determined by the methodology.
Biomass estimation is carried out on the day of the
probe. Several additional Indy-CES vegetation indices
are used to calculate the N status of soybean and wheat
plants using an active sensor to measure the Green
Normalized Difference of Vegetation Index (GNDVI).

An example, the interaction between water and
nitrogen stress in plants was shown in a vegetation
experiment with maize plants in the field based on
remote sensing studies, where the width of the main
spectral band was used to calculate various indices
(standardized water supply variation index [NDWI],
and nitrogen index [NRI]). The authors established that
water and nitrogen compounds were efficiently
absorbed in wheat plants, and crop yields increased at
optimal nitrogen application rates (100-120 kg N ha™).
There are other examples of the use of vegetation
indices to detect water stress, determine chlorophyll
content, and assess the primary productivity of the
field.

Associated with nitrogen is the formation of
symbiotic nitrogen-fixing plant-microbial systems with
legumes and in the stability of the soil microbiota
composition [46]. To study the processes of growth and
development in plant-bacterial systems, a method has
been developed that can be used to study the
architectonics of microbial cenoses associated with the
root system of plants in natural and artificial
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environments. The determination of plant vegetation
indices have allowed us to assess the activity of the
photosynthesis process, during which the physical
energy of photons is converted into chemical energy
ATP and reducing metabolic intermediates (NADPH),
which are used for the synthesis of carbohydrates and
nitrogen-containing assimilates. These in turn, become
the starting material for the synthesis of biochemical
components of cells, tissues and organs, determining
the functioning of plant-microbial systems. These
represent a qualitatively new approach to precision
agriculture and are at the initial stage of development
in Ukraine in terms of research and production.

For the first time, this area began to be theoretically
substantiated in 2004 at the National Agrarian
University at the Department of Agricultural
Mechanization (Prof. L.V. Aniskevych). From the
point of view of controlling the phytosanitary state of
ecosystems, the staff of the Department of Integrated
Plant Protection and Quarantine (Assoc. Prof. S.
Vyhera) began to conduct substantiation and research
in alignment with this department. At the present stage,
the following definition of information farming is the
most logical.

Information agriculture is a system of obtaining
continuous information about the agro-biological state
of ecosystems in space and time, and modeling the laws
of optimal management of biological resources and
technological materials to produce high-quality and
safe phytoproducts based on environmental, social and
economic requirements [1,2] according to L.V.
Aniskevich and S.M. Vyhera.

The results of recent studies have shown that it is
necessary to implement methods for optimal control of
natural and cultural ecosystems, especially biological
resources, and the introduction of technological
materials. This raises the need to develop new
theoretical and practical approaches to ecosystem
management, based on the analysis of continuous
information about the state of bioresources and the
environment in space and time, to ensure their highly
efficient functioning, both for obtaining high-quality
and safe phytoproducts and for phyto-designing.

The above thoughts once again confirm the idea that
at the present stage it is necessary to apply a system of
information farming based on the coordinate principle,
the basic features of which are:

- continuity of the process of monitoring agricultural
land;

- control of the agro-biological potential of the field in
the optimal mode due to the coordinate principle;
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- precise control (in time and space) of the dynamics of
the number of harmful and beneficial biodiversity of
agroecosystems;

- performance of crop harvesting operations in the
mode of variable technological parameters;

- full control of product quality and safety;

- rational profitability without negative impact on the
environment;

- and LCA analysis for better farming and production
management

A distinctive feature of the information farming
system is the presence of a model for optimal
management of the agro-biological potential of the
field. The input signals of the model are locally
determined field data obtained on the basis of
continuous monitoring of phytocoenoses, and the
output of the model is control signals that determine the
law of optimal management, which is implemented by
the same services as in the directive method.

The goal of information agriculture (IA) technology
is to quickly generate, intermediately process, and
transfer current reliable localized information about the
agro-biological state of the field to the database of the
agronomist's automated workstation (AWS) in order to
manage crop production in an optimal mode. To
perform work on monitoring locally defined
parameters, it is necessary to create a new class of
agricultural machines - field information machines
(FIM), especially unmanned field information
machines (UFIM). These technical means can be
ground-, air-, and space-based.

The constituent elements of the natural and
technical system of the unmanned robotic complex for
monitoring localized parameters are: the field itself; a
subsystem of mobile information robots (recorders) for
collecting, accumulating and transmitting information;
a control room for monitoring and remote control of the
FIM; a center for maintenance and storage of the FIM;
an automated workstation of an agronomist
(agronomist's workstation) with a database of locally
defined data; technical means for delivery, servicing
and evacuation of the FIM to the maintenance center.
Among these components, the FIM subsystem is the
most important, as it is designed to collect locally
determined data on the agro-biological state of the field
and serves as the basis for managing the agro-
biological potential of the field in an optimal mode
(Table 1).

Such approaches are extremely necessary at the
present stage due to the incorrect regulation of
agrochemicals in some cases, their uneven application

ISSN: 2367-9026

156

International Journal of Agricultural Science
http://iaras.org/iaras/journals/ijas

within the agro-biocenosis, unreasonable economic
costs, and significant environmental pollution during
plant cultivation. The new crop production strategy
allows us to significantly reduce the economic costs of
technological materials, their standardization, and
improve the environment. In the future, leveraging
precision agriculture, information phytotechnology,
and information agriculture will allow us to create
novel biocenoses and agro-biocenoses, giving us the
ability to systematically and effectively fine-tune their
natural regulatory mechanisms.

4 Future directions

The next era of precision phytotechnologies will merge
artificial  intelligence, robotics, and advanced
biological science to create farming systems that
nurture each plant as a unique entity while sustaining
the planet. Fields of the future will be cultivated by
swarms of autonomous drones and robots that sense,
analyze, and act with millisecond precision, delivering
individualized care for water, nutrients, and protection
while eliminating the waste of broad-spectrum
chemical use. Edge computing will enable these
systems to think and respond instantly in the field,
while multi-omics data fusion—integrating genomics,
phenomics, soil health, and environment—will unlock
unprecedented insights to guide precision breeding,
biostimulant use, and even phytoremediation for
ecosystem restoration. Farms will evolve into living
digital twins, simulating climate impacts, pest
outbreaks, and soil changes in advance, empowering
farmers with predictive, climate-resilient strategies. By
embracing regenerative agriculture and phytocenosis
principles, Al will orchestrate complex intercropping
systems that enhance biodiversity, restore soils, and
close nutrient cycles. Blockchain-enabled transparency
will link every stage of production to consumers and
regulators, ensuring food systems that are not only
more productive, but profoundly sustainable, resilient,
and restorative—ushering in a new paradigm of
personalized agriculture designed in harmony with
nature.

5 Conclusions

The concept of precision phytotechnology integrates
the authors’ thirty years of research, contributions from
colleagues at the National University of Life and
Environmental Sciences of Ukraine and other research
institutions, as well as the practical expertise of leading
farms in the country. Artificial intelligence (Al)—driven
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precision farming is reshaping agriculture by
combining remote sensing, machine learning, and big
data analytics to optimize crop production. Data
generated from satellites, drones, and smartphone
applications enable the detection and monitoring of
plant diseases, nutrient deficiencies, and pest
infestations. Deep learning models, for instance, can
identify leaf discoloration patterns to diagnose diseases
such as powdery mildew or rust in wheat. Incorporating
advanced phyto-technologies and applying the
principles of phytocenosis into agricultural practices
fosters sustainability and resilience, which are critical
to addressing the challenges of climate change.

References:

[1] Aniskevych L.V., Vyhera S.M., With the help of
technical vision. Analysis of the state of
biodiversity of phytocoenoses in modern

agriculture, Seed Production, No. 8, 2009, pp. 25—
28.

Aniskevych L.V., Vyhera S.M., Nature protection
aspects of the precision farming system, Actual
Problems of Modern Agriculture, Luhansk
National Agrarian University, Luhansk, 2003, pp.
83-89. (Ukr.)

Aniskevych L.V., Vigera S.M., Vigera A.S.,
Features of phytoproducts production with the use
of information technologies, Agroecological
Journal, 2008, pp. 18-21. (Ukr.)

Vyhera S.M., Biological land use in Ukraine,
Plant Protection News: Quarterly Supplement to
the Journal Proposal, March 1999, pp. 15-16.
(Ukr.)

Vyhera S.M., Nature protection control of cultural
phytocenoses: Monograph, CP “Komprint”, Kyiv,
2015, 398 p. (Ukr.)

Vyhera S.M., Gentosh D.T., Klyuyevych M.M.,
Stolyar S.G., Environmental and economic
aspects of harmonization of phyto-products
production in Ukraine in accordance with EU
standards, in: Zinchuk T.O. (Ed.), Agrarian Policy
of the European Union: Challenges and Prospects,
Center for Educational Literature, Kyiv, 2019, pp.
432-443. (Ukr.)

On agrometeorological factors of the harvest,
Proceedings of the Ukrainian Research Institute of
the State Hydrometeorological Committee, Issue
191, 1983, pp. 3-22.

Backer R., Rokem J. S., llangumaran G., Lamont
J., Praslickova D., Ricci E., et al. Plant growth-

[3]

[4]

[3]

[6]

[7]

(8]

ISSN: 2367-9026

157

International Journal of Agricultural Science
http://iaras.org/iaras/journals/ijas

promoting rhizobacteria: context, mechanisms of
action, and roadmap to commercialization of bio
stimulants for sustainable agriculture. Front. Plant
Sci. 9, 2018. pp. 1473.

[9] Beattie G. A. Microbiomes: curating communities
from plants. Nature 528, 2015, pp. 340-341.

[10] Bender S. F., Wagg C., Van Der Heijden M. G. An
underground revolution: biodiversity and soil
ecological  engineering  for  agricultural
sustainability. Trends Ecol. Evol. 31, 2016, pp.
440-452.

[11] De Deyn G.B., Quirk H., Yi Z., et al., Vegetation
composition promotes carbon and nitrogen
storage in model grassland communities of
contrasting soil fertility, Journal of Ecology, Vol.
97, 2009, pp. 864-939.

[12] Hassan M. K., Mclnroy J. A., Kloepper, J. W. The
interactions of rhizodeposits with plant growth-
promoting rhizobacteria in the rhizosphere: a
review. Agriculture 9, 2019, pp. 142.

[13] Vetterlein D., Carminati A., Kogel-Knabner 1.,
Bienert G. P., Smalla K., Oburger E., et al.
Rhizosphere spatiotemporal organization—a key to
rhizosphere functions. Front. Agron. 2, 2020, pp.
8

[14] Volkogon V.V., Nadkerichna O.V., Tokmakova
L.M., Melnichuk T.M., Chajkovska L.O.,
Nadkernichny S.P., Sherstoboev M.K., Kozar
S.F., Kopylov E.P., Krutylo D.V., Parkhomenko
T.Yu., Kameneva 1.0., Adamchuk-Chala N.I,
Kovalevska N.V., Didovych S.V., Volkogon K.I.,
Pyshchur .M., Volkogon M.V., Dimova S.B.,
Komok M.S., Experimental Soil Microbiology,
Agricultural Science, Kyiv, 2010, pp. 95-132.
(Ukr.)

[15] Nilsson L.O., Baath E., Falkengren-Grerup U.,
Wallander H., Growth of ectomycorrhizal mycelia
and composition of soil microbial communities in
oak forest soils along a nitrogen deposition
gradient, Ecology, Vol. 153, 2007, pp. 375-459.

[16] Schlesinger W.H., On the fate of anthropogenic
nitrogen, Proceedings of the National Academy of
Sciences USA, Vol. 106, 2009, pp. 203-211.

[17] Aniskevich L.V., Voytiuk D.G., Vigera S.M.,
Adamchuk N.I., Zakharin F.M., Ponomarenko
S.A., Klyuchevich, Precision phytotechnologies
in the agro-industrial complex of Ukraine:
Monograph, NULES of Ukraine, Kyiv, 2019, 799
p- (Ukr.)

[18] Fierer N., Lauber C.L., Ramirez K.S., Zaneveld J.,
Bradford M.A., Knight R., Comparative

Volume 10, 2025



Adamchuk-Chala Nadiia et al.

metagenomic, phylogenetic and physiological
analyses of soil microbial communities across
nitrogen gradients, ISME Journal, Vol. 6, 2012,
pp- 1007-1017.

[19] Orwin K.H., Buckland S.M., Johnson D., et al.,
Linkages of plant traits to soil properties and the
functioning of temperate grassland, Journal of
Ecology, Vol. 98, 2010, pp. 1074-1057.

[20] Adamchuk-Chala N.I., Using global positioning
devices of geographic information systems in the
development of  agricultural precision
technologies, Lotnicza Academia Wojskova, Vol.
4,2022, pp. 79-87.

[21] Valentine B.J., Bebedito V.A., Kang Y., Legume
nitrogen fixation and soil abiotic stress: From
physiology to genetics, Annual Plant Reviews,
Vol. 42, 2011, pp. 207-248.

[22] Kovalenko O.G., Vasilev V.M., Adamchuk-Chala
N.I, Tytova L.V., Karpenko E.V., Antiviral
agents and biological preparations for agriculture
based on artificial glycan-glycolipid complexes,
Journal of Ethology and Animal Sciences, Vol. 4,
No. 1, 2022, pp. 118-123.

[23] De Vries F.T., Liiri M., Bjornlund L., et al., Land
use alters the resistance and resilience of soil food
webs to drought, Nature Climate Change, Vol. 10,
2012, pp. 1038-1368.

[24] Richardson P.J., Horrocks J., Larson D.W.,
Drought resistance increases with species richness
in restored populations and communities, Basic
and Applied Ecology, Vol. 11, 2010, pp. 204-219.

[25] Tester M., Langridge P., Breeding technologies to
increase crop production in a changing world,
Science, Vol. 327, 2010, pp. 818—840.

[26] Garcia-Ruiz R., Ochoa V., Hinojosa M.B.,
Carreira J.A., Suitability of enzyme activities for
the monitoring of soil quality improvement in
organic agricultural systems, Soil Biology and
Biochemistry, Vol. 40, 2008, pp. 2137-2145.

[27] Schloter M., Lebuhn M., Heulin T., Hartmann A.,
Ecology and evolution of bacterial microdiversity,
FEMS Microbiology Reviews, Vol. 24, 2000, pp.
647-660.

[28] Corwin D.L., Site-specific management and
delineating management zones, in: Oliver M.
(Ed.), Precision Agriculture for Food Security and
Environmental Protection, Earthscan, London,
UK, 2013, pp. 135-157.

[29] Cavigelli M.A., Lengnick L.L., Buyer J.S., Fravel
D., Handoo Z., McCarty G., Millner P., Sikora L.,
Wright S., Vinyard B., Rabenhorst M., Landscape

ISSN: 2367-9026

158

International Journal of Agricultural Science
http://iaras.org/iaras/journals/ijas

level variation in soil resources and microbial
properties in a no-till corn field, Applied Soil
Ecology, Vol. 29, 2005, pp. 99-123.

[30] Ettema C.H., Wardle D.A., Spatial soil ecology,
Trends in Ecology and Evolution, Vol. 17, 2002,
pp. 177-183.

[31] Doran J.W., Zeiss M.R., Soil health and
sustainability: Managing the biotic component of
soil quality, Applied Soil Ecology, Special Issue:
Managing the Biotic Component of Soil Quality,
Vol. 15, 2000, pp. 3—11.

[32] Burmolle M., Kjoller A., Sorensen S.J., Biofilms
in soil, in: Glinski J., Horabik J., Lipiec J. (Eds.),
Encyclopedia of Agrophysics, Encyclopedia of
Sciences Series, Institute of Agrophysics, Polish
Academy of Science, Springer Science-Business
Media B.V., Lublin, Poland, 2011, pp. 70-75.

[33] Van der Heijden M.G.A., Mycorrhizal fungi
reduce nutrient loss from model grassland
ecosystems, Ecology, Vol. 91, 2010, pp. 1163—
1234.

[34] Asner G.P., Knapp D.E., Kennedy-Bowdoin T., et
al., Invasive species detection in Hawaiian
rainforests using airborne imaging spectroscopy
and LiDAR, Remote Sensing of Environment,
Vol. 112, 2008, pp. 1942—-1955.

[35] Kochubey S.M., Organization of photosynthetic
membrane pigments as the basis for the energy
supply of photosynthesis, Naukova Dumka, Kyiv,
1986, 192 p. (Russ.)

[36] Bratchenko I.A., Vorobyova E.V., Zakharov V.P.,
Timchenko P.E., Kotova S.P., Experimental
studies and mathematical modeling of optical
characteristics of plant tissue, News of the Samara
Scientific Center of the Russian Academy of
Sciences, Vol. 9, No. 3, 2007, pp. 620-625.
(Russ.)

[37] Kusumi K., Chono Y., Shimada H., Gotoh E.,
Tsuyama M., Iba K., Chloroplast biogenesis
during the early stage of leaf development in rice,
Plant Biotechnology, Vol. 27, 2010, pp. 85-90.

[38] Nixon P.J., Michoux F., Yu J., Boehm M.,
Komenda J., Recent advances in understanding
the assembly and repair of photosystem II, Annals
of Botany, Vol. 106, 2010, pp. 1-16.

[39] Nordhues A., et al., Evidence for a role of VIPP1
in the structural organization of the photosynthetic
apparatus in Chlamydomonas, Plant Cell, Vol. 24,
2012, pp. 637-659.

[40] Kochubey S.M., Shevchenko V.V., Bondarenko
O.Yu., Features of the organization of gran

Volume 10, 2025



Adamchuk-Chala Nadiia et al.

chloroplasts in peas, Fiziologiya Rasteniy, Vol.
52,2005, pp. 499-506. (Russ.)

[41] Gitelson A.A., Wide dynamic range vegetation
index for remote quantification of biophysical
characteristics of vegetation, Journal of Plant
Physiology, Vol. 161, 2004, pp. 165-173.

[42] Abendroth 1.J., Elmore R.W., Marlay S.K., Cron
growth and development, PX 1009, Iowa State
University Extension, Ames, 2011.

[43] Al-Kaisi M.M., Yin X., Effects of nitrogen rate,
irrigation rate, and plant population on corn yield
and water use efficiency, Agronomy Journal, Vol.
95,2003, pp. 1475-1482.

[44] Costa R., Gotz M., Mrotzek N., Lottmann J., Berg
G., Malla K., Effects of site and plant species on
rhizosphere community structure as revealed by
molecular analysis of microbial guilds, FEMS
Microbiology Ecology, Vol. 56, 2006, pp. 236—
249.

[45] Tarariko O., Ilenko T., Kuchma T., Adamchuk-
Chala N., Bilokin O., Chala E., Monitoring of
transformation of agrolandscapes and forecast
estimation of productivity of agroecosystems
under conditions of climate change according to
remote sensing data, European Journal of
Agriculture and Food Sciences, Vol. 14, No. 3,
2022, pp. 87-94.

[46] Milcu A., Thebault E., Scheu S., Eisenhauer N.,
Plant diversity enhances the reliability of

belowground processes, Soil Biology and
Biochemistry, Vol. 42, 2010, pp. 2102-2112.
[47] ENVI® V.6.1 “SAM Target Finder with

BandMax Workflow,” NV5 Geospatial Software
Documentation Center.
https://www.nv5geospatialsoftware.com/docs/SA
MTargetFinderWithBandMax.html.

[48] Nelson A.C, Khorram S. Image Processing and
Data Analysis with ERDAS IMAGINE®, 2018.
(1st ed.). CRC Press

[49] Pix4D - Pix4D. PIX4Dmapper.
https://www.pix4d.com/product/pix4dmapper-
photogrammetry-software.

[50] AgiSoft PhotoScan Professional (Version 1.2.6)
(Software).
http://www.agisoft.com/downloads/installer/

[51] LabVIEW - Bitter R, Mohiuddin T, Nawrocki M.
LabVIEW: Advanced programming techniques.
2006. Crc Press.

[52] MATLAB - The MathWorks Inc., Natick, MA,
USA)

ISSN: 2367-9026

159

International Journal of Agricultural Science
http://iaras.org/iaras/journals/ijas

[53] R: A language and environment for statistical
computing. R Foundation for Statistical
Computing, Vienna, Austria. 2021. URL
https://www.R-project.org/

[54] van Rossum G., and Python Software Foundation.
https://www.python.org/

[55] John Deere Operations
OperationsCenter.Deere.com

[56] Trimble Ag Software - agdeveloper.trimble.com.

[57] Climate FieldView — climatefieldview.ca

[58] Abadi M, Agarwal A, et al. TensorFlow: Large-
scale machine learning on heterogeneous systems,
2015. Software available from tensorflow.org

[59] Paszke A, Gross S, et al. PyTorch: An imperative
style, high-performance deep learning library. In:
Advances in Neural Information Processing
Systems 32 [Internet]. Curran Associates, Inc.;
2019. p. 8024-35.

[60] Chollet F, et al. Keras GitHub; 2015. Available
from: https://github.com/fchollet/keras

[61] Pedregosa et al., Scikit-learn: Machine Learning
in Python JMLR 12, 2011. pp. 2825-2830.

[62] Chen T, Guestrin C. XGBoost: A scalable tree
boosting system. In: Proceedings of the 22nd
ACM SIGKDD International Conference on
Knowledge Discovery and Data Mining
[Internet]. New York, NY, USA: ACM; 2016. p.
785-94.

[63] QGIS Geographic Information System. Open

Center -

Source Geospatial Foundation
Project. http://qgis.org.
[64] Esri  Inc. (2024). ArcGIS Pro (Version

3.3.1). https://www.esri.com/en-
us/arcgis/products/arcgis-pro/overview

[65] Stockle C. O., Martin S. A., Campbell G. S.
CropSyst, a cropping systems simulation model:
Water/nitrogen budgets and crop
yield. Agricultural Systems, 46(3), 1994. pp. 335-
359.

[66] Alderman P. D. DSSAT: A Comprehensive R
Interface for the DSSAT Cropping Systems
Model. 2024. doi:10.5281/zenodo0.4091381, R
package version 0.0.9., https://CRAN.R-
project.org/package=DSSAT.

[67] Hadoop — Apache Software Foundation. 2010.
Available from: https://hadoop.apache.org

[68] Spark — Zaharia, M, et al. Spark: Cluster
computing with working sets. 2010. In
Proceedings of the 2nd USENIX Conference on
Hot Topics in Cloud Computing (HotCloud '10).
USENIX Association.

Volume 10, 2025


https://www.pix4d.com/product/pix4dmapper-photogrammetry-software
https://www.pix4d.com/product/pix4dmapper-photogrammetry-software
http://www.agisoft.com/downloads/installer/
https://www.r-project.org/
https://www.python.org/
https://agdeveloper.trimble.com/trimble-ag-software-integration/
https://github.com/fchollet/keras
http://qgis.org/
https://www.esri.com/en-us/arcgis/products/arcgis-pro/overview
https://www.esri.com/en-us/arcgis/products/arcgis-pro/overview
doi:10.5281/zenodo.4091381
https://cran.r-project.org/package=DSSAT
https://cran.r-project.org/package=DSSAT
https://hadoop.apache.org/

Adamchuk-Chala Nadiia et al.

International Journal of Agricultural Science

http://iaras.org/iaras/journals/ijas

Table. Current hardware and software applications in precision phytotechnology

cameras

Category Hardware Software / Algorithms Applications
Satellites (e.g., Sentinel-2, | Image processing software - | Monitoring vegetation indices
= Landsat-8) ENVI [47], ERDAS Imagine | (NDVI, ExG), disease
§ Dron.es (UAVs with | [48], Pix4D [49], Agisoft df:tection, crop stress mapping,
75 multispectral, hyperspectral, | Metashape [50] | yield forecasting
% thermal sensors) | Al-based disease detection
% Smartphone-based  imaging | apps
& devices
Soil moisture probes, EC | Sensor data platforms — | Real-time soil  condition
= meters, pH sensors | LabVIEW [51], MATLAB | monitoring, nutrient mapping,
% g IoT-enabled wireless sensor | [52], R [53], Python-based | irrigation scheduling
2 g .
< £ networks analytics [54], cloud IoT
é’ « Ground-based  hyperspectral | dashboards

Farm
Machinery

GPS-guided  tractors  and
sprayers
Variable-rate applicators

Robotic planters and weeders

Precision agriculture platforms
- John Deere Operations Center
[55], Trimble Ag Software
[56], Climate FieldView [57]

Site-specific seeding,
fertilization, and pest control

Big Data &
Cloud Systems

Big data analytics — Hadoop
[67], Spark [68]

High-performance computing | Deep learning frameworks - | Plant  disease detection,
g clusters TensorFlow [58], PyTorch | phenotyping, predictive
'§ %n Edge devices for real-time | [59], Keras [60] | modeling, yield estimation
= g processing Machine learning libraries -
23 Scikit-learn [61], XGBoost
< [62]
Cloud servers (AWS, Google | Data integration platforms | Data  storage,  geospatial
Cloud, Microsoft Azure) | (QGIS [63], ArcGIS [64], | mapping, decision support
Local data loggers CropSyst [65], DSSAT [66] | systems
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