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Abstract. The increase in population and increasing burden on food production characterize the formu-
lation of issues of increasing efficiency of agriculture and ensuring food security as particularly in de-
mand and requiring urgent solutions. Artificial intelligence (Al) technologies are capable of making sig-
nificant contribution to optimization of agricultural processes. The goal - is to determine priority areas
of research into scientific interests in cybernetic devices in agro-industrial complex. The methods are
based on systematic literature review of the works of domestic and foreign scientists using the Bibli-
oshiny software package for the use of intelligent systems, computer modeling of various intelligence
capabilities in agricultural sector. The results showed noticeable increase in the level of knowledge in
the field of computer skills to imitate human actions. Thanks to machine methods, farmers can get the
opportunity to modernize their farms and improve quality of their products. Taking into account the
factors affecting crop yields, neural networks build accurate forecasts, helping to make the right deci-
sions in planning and management process in agro-industrial complex. With the help of technologies,
such operations as sowing, weeding, weed control, and harvesting are automated. Works controlled by
"smart machines" maximize labor productivity and reduce labor costs. It has become popular to prac-
tice Alin growing grain crops, in vegetable growing, precision farming to reduce water consumption for
irrigation, forecasting gross harvest, as well as animal husbandry, for example, in cattle breeding and
feeding. Conclusions - the number of publications on the topic under study has increased significantly
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over the past eight years. It is noted that in the near future, the synergy effect of artificial intelligence
with genetic engineering, biotechnology and nanotechnology will become widespread. The popularity
of digital intelligence is due to high results, rationalization of human labor. To ensure competitiveness
and obtain the necessary profit in agricultural formations, the use of Al technologies is inevitable. This
publication will be useful for agricultural specialists, as well as scientists and researchers involved in
computer programming and artificial intelligence modeling.

AHpatna. XanblK caHblHbIH apTybl X9He a3blK-TyNiK eHAipiciHe XyKTeMeHiH apTybl aybis
wapyawbinbifblHbIH  TUIMAINIFIH apTTbIpy JX8He as3bIK-TYJMiK Kayincisairih kamTamacbi3 eTy
MacernenepiH epekwe cypaHbICKa Me XaHe Te3 apapga wewyai Tanan etedi. AybiUiwapyawbinbIk
npouecTepiH OHTaWnaHAbIpyFa aWTapnbiKTal yrnec Koca anatbiH XacaHAbl WHTennekt (Al)
TexHonorusanapbl. Makcambl - arpoeHepkKacinTik KelweHAeri KubepHeTuKanblK KypbifblnapFa
FbIbIMU  KbI3bIFYWbINbIKTapAbl 3epTTeyaid 6acbiM GafbiTTapblH  aHblKTay. Odicmepi -
MHTeNnneKTyanabl Xywnenepai nawpganaHy, arpaprnblK CeKToOpAarbl MWHTENNEeKTTiH apTyphni
KabinettepiH koMmnbloTEepnik Moaenbaey ywiH Biblioshiny 6araapnamacbiHbIH nakeTiH KonpgaHa
OTbIpbIN, OTaHALIK XoHe WweTenaik FanbimaapablH eHoekTepiHe Xyneni 9a4edu wonyfa Herisgenrex.
Heamusxenepi - apaMHbIH ic-apeKeTiHe enikTey yLiH KOMNbIOTEPAiK Aarablnap canacbiHAarbl 6inim
AeHreriHiH avMTapnblKTal OCKeHiH KepceTTi. MawwuHanblK agicTepaiH apkacblHaa depmepnep
wapyawbibIKTbl  MOAEepHU3auusnayfa XoHe OHiM canacblH XakKcapTyFa MYMKiHAIK anagbl.
OHimpinikke acep eTeTiH ¢hakTOopnapAbl eckepe OTbIpPbIN, HeMPOHAbIK Xeninep AGK xocnapnay
X9He b6ackapy npoueciHae Aypbic WeLwiM Kabblngayfa keMeKkTeceTiH HaKTbl 6ormkamMmaap xacanabl.
TexHONOrnsiHbIH KOMeriMeH ery, apamMmwenTepai )Xok, apaMLienTepMeH Kypecy, eriH XXMHay CUSIKTbI
onepauusanap aBTOMaTTaHAbIpbiNadbl. «AKblNAbl MalwuHanap» b6ackapaTbiH XyMbicTap eHO6ek
OHiMAINiriH apTTbipagbl XaHe eHOeK WbiFbiHAApPbIH a3anTaabl. Cyapy KesiHAe cyAbl TYTbIHYAbI
asanTy, Xannbl XXUHayabl 6omkay, coHpav-aK Man wapyauwblbifbl, MbiCanbl, Man ecipy XaHe
asblKTaHAbIPY YLWWiH acTbIK ecipyae, KekeHic ecipyae, aan eriHwinikre IT TaxipubecimeH anHanbicy
TaHbiMan GonAabl. KopbIMbIHObI - COHFbl Ceri3 Xbin iWiHAe 3epTTeneTiH TakKbIpbin GOWbIHLWA
XapusnaHbiMaap caHbl egayip ecTi. XKakbIH apaga reHAik MHXeHepusimeH, 6uoTexHonorusanapmMmeH
YXOHEe HaHOTEeXHONOrnsANapMeH XacaHAabl UHTESNEKT CUHEPIrUACbIHbIH 9Cepi KeH TapanaTtbiHbl aTtan
eTingi. CaHAbIK aKkbIN-oMAbIH TaHbIMaNAbIFbl XXOFapbl HOTMXeNepre, agam eHoeriH yTbiMmabl eTyre
6annaHbicTbl. Bacekere KabineTTiNikTi KaMTamachbI3 eTy XXaHe arpoKypbinbiMAaapaa KaxeTTi nanga
any yuwiH IT TexHonorusnapblH KongaHy ce3ci3. Byn 6acbinbiM aybinwapyalwbinbIK canacblHbIH
MamaHaapbliHa, CoHAan-aK KoMnbloTepnik 6araapnamanay XaHe )XacaHAbl MHTENNEeKTTi moaenbaey
MacernenepiMeH anHanbicaTblH FanbiMAap MeH 3epTTeyllinepre nangansl 6onagbl.

AHHOTauuMA. YBenuyeHne YNCINEeHHOCTU HacerleHUs M Bo3pacTalollas Harpy3ka Ha Npou3BOACTBO
NPOAYKTOB NUTaHUA XapaKTepu3yrT NOCTAaHOBKY BOMPOCOB NOBbIWeEHUs 3¢p(PeKTUBHOCTU cenb-
CKOrro X03siMcTBa M o6ecneyeHUs NPoAOBONbLCTBEHHON 6€30MacHOCTU Kak 0c060 BOCTPeO6OBaHHbIX
M TpeOyrLUnX cKkopenllero peweHus. TexHonormm nckyccTtBeHHoro nHrennekra (MA) cnocobHbIx
BHECTU 3HAUYMTENIbHbIN BKNag B ONTUMU3ALIMIO CENTbCKOXO3SAIMCTBEHHbIX NpoueccoB. Ljesib — onpe-
AeneHne NpPUOPUTETHbLIX HanpaBleHUN UCCNEeAOBaHUA Hay4YHbIX UHTEPECOB K KNOEepHETUYECKUM
yCTpOWCTBaM B arponpombIiyieHHOM komnnekce. Memodb! OCHOBLIBAlOTCS HA CUCTEMHOM nuTe-
paTypHOM 0630pe TPyAOB OTeYECTBEHHbIX U 3apyO6eXHbIX Y4YeHbIX C NPUMEHEeHMeM nakeTa npo-
rpammel Biblioshiny ana mcnonb3oBaHUA MHTeNNeEKTyanbHbIX CUCTEM, KOMNLIOTEPHOrO MOAENu-
POBaHM1A pa3nNnYHbIX CMOCOGHOCTEN UHTENNEKTa B arpapHOM ceKkTope. Pe3ysibmambl noka3anm 3a-
MeTHbIW POCT YPOBHS 3HaHUN B chepe KOMNbIOTEPHbLIX HABLIKOB UMUTUPOBAaTh YerioBe4Yeckue Aen-
cTBuA. Bnarogaps MawuHHLIM MeTogam chepMmepbl MOTYT NMOJNYy4YUTb BO3MOXHOCTb MOAEPHU3UPO-
BaTb XO3SINCTBO U yNy4lIUTb Ka4eCTBO NpoAyKuuU. YuntbiBas akTopbl, BNUAIOWME Ha YPOXan-
HOCTb, HEMPOHHbIE CETU CTPOAT TOUYHbIE MPOrHO3bl, MOMOrasi NPMHUMaTb NpaBUNbHbIE PELlEeHUs B
npouecce nnaHmposaHus u ynpasneHus B AlNK. C nomMowbio TeXHONOrMM aBTOMaTU3NPYIOTCA Ta-
Kue onepaumu, Kak noceB, NponoJsika, 6opbba ¢ copHAkamu, ybopka ypoxas. PaboTtbl, ynpaBnse-
Mbl€ «YMHbIMW MallMHaAMU» MaKCUMU3NPYIOT NPOM3BOAUTENBLHOCTb TPYAA U COKpaLLaloT 3aTpaTthbl
Ha pa6ouyto cuny. Ctano nonynsipHbIM npakTtukoBaTb UM Ha BbipawMBaHMn 3epHOBbIX KyNnbTyp, B
OBOLLEBOACTBE, TOYHOM 3eMrieAeriumu Ansi CHUKeHUA noTpe6neHns Boabl NPy OpPOLLIeHUU, NPOrHo-
3upoBaHMKN BanoBoro c6opa, a TaKke XMBOTHOBOACTBe, HaNnpumep, B pasBeAeHMU U KOPMITeHUn
ckoTa. Bbieodbl — nocnegHue BOCEMb JieT 3HAaYMTENIbHO BO3POCIIO KONMMYecTBO nyb6nukaumm no
usyyvyaemomn teme. OTMevaeTcs, YTO B Gnuxanwien nepcrnekTuBe NONy4YUT pacnpocTpaHeHue 3c-
hbeKT cMHeprum NUCKyCCTBEHHOIO MHTEeNJIeKTa C FreHHOM MHXXeHepuen, BUOTEXHONOrMAMU U HaHOTeX-
Honorusimu. MonynsapHocTb UM poBoro pasyma obycnoBrieHa BbICOKMMMU pe3yfibTaTaMu, paumno-
Hanv3sauuen YyenoBeyveckoro Tpyaa. [ins o6ecneyeHnss KOHKYPEHTOCMOCOOHOCTH U NONy4YeHUsi HE06XO-
AMMOM NpubbINK B arpocopMmMpoBaHUAX NpumMmeHeHne TexHonormn UM HensbexHo. [JaHHas ny6nuka-
uMss Oyoer nonesHa crneuuanucram CeribCKOXO3AMCTBEHHOW OTpacnu, a TakkKe Y4YeHbIM W
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nccnegoBartensm, 3aHUMaKLWKUMCA Npo6neMaMn KOMNbIOTEPHOro NPOrpaMMMpPOBaHNUA U MOAENUPO-
BaHNA UCKYCCTBEHHOIo UHTerseKra.
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Introduction

The modern world is witnessing a new
technological revolution related to the use of
artificial intelligence in all sectors of the econ-
omy and, in general, in society. Experts attrib-
ute the rapid spread of artificial intelligence not
only to the direct economic effect that it is al-
ready demonstrating at this stage, but also to
the fact that artificial intelligence technologies
themselves are subject to continuous improve-
ment. Today, experts note that technologies
such as deep machine learning and neural net-
work training, generative artificial intelligence
and natural language processing are able to
demonstrate high efficiency in production pro-
cesses, management, and partially replace the
creative component of human thinking. It can
clearly be argued that artificial intelligence is
capable of making fundamental qualitative
changes in the agricultural sector, as evi-
denced by numerous publications in leading
foreign journals.

The agricultural sector is traditionally a key
priority sector of the economy of Kazakhstan,
which is associated with its geographical and
historical features, therefore, the use of the ad-
vantages of artificial intelligence in the agricul-
tural production of our country seems logical
and economically feasible. First of all, slightly
less than half of the population of Kazakhstan
continues to live in rural areas, while their ac-
tivities are directly related to and depend on the
seasonality of production processes.

As noted by the country's authorities, “al-
most 40% of the country's population lives in
6 256 rural settlements. That's 7.6 million people.
The share of the rural population with incomes
below the subsistence level is 7.2%, while the
unemployment rate is 4.7%, and the self-em-
ployed is 33% or 1.2 million people” (Improving
the quality of life...) [1]. It is also important that
Kazakhstan is one of the largest producers of
wheat, a significant part of which is exported.

Thus, the important role of agriculture in
the economy of Kazakhstan and the growing
role of Al in this industry have determined the
relevance of this study. The purpose of the ar-
ticle is to identify relevant areas of research, as
well as the current state of scientific interests in
the field of artificial intelligence in agriculture.
The research question posed is "What are the
possible main applications of Al technologies
in agriculture?"

The structure of this article is as follows:
the methodology of data collection and sam-
pling is reflected in section Materials and meth-
ods, the results of the study and their discus-
sion are presented in sections Results and Dis-
cussion. Last section presents the conclusion.

Literature review

Existing literature reviews on the topic of
Al in agriculture contain either only descriptive
analysis or only narrowly focused content anal-
ysis. For example, Oliveira R.C., Silva R.D. [2],
based on a bibliometric analysis of 176 articles
on the use of Al in agriculture, identified the
most commonly used technologies such as
machine learning, convolutional neural net-
works, the Internet of Things, big data, robo-
tics, computer vision, as well as key agricultural
sectors using Al. However, the review covers
limited number of articles and does not contain
co-occurrence network, trend topics.

Ruiz Real J., Uribe-Toril J., Torres J. et al.
[3] use a bibliometric methodology to analyze
the research trends of artificial intelligence in
agriculture and define the most relevant and
prolific authors, supporting research organiza-
tions and countries. Sarkar U., Banerjee G.,
Ghosh I. [4] conducted a trend analysis of the
most popular Al technologies used in agricul-
ture. The areas of application of Al technolo-
gies are such branches of agriculture as pest
control, diseases, weeds, irrigation control, and
yield forecasting. For instance, the machine
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vision systems were mostly applied in a signif-
icant number of weed control cases.

Zhai Z., Martinez J.F., Beltran V. et al. [5]
in his review provides insight into decision sup-
port systems in agriculture using Al technolo-
gies. Such systems are used to plan agricul-
tural tasks, manage water resources, adapt to
climate change, and control food waste. Tala-
viya T., Shah D., Patel N. et al. [6] has carried
out a review of technologies that can reduce
excessive consumption of water, pesticides
and herbicides, maintain soil fertility, increase
labor efficiency, productivity and quality of
agricultural processes. The use of unmanned
aerial vehicles for spraying and crop monitoring
is discussed.

Ben Ayed R., Hanana M. [7] explored key
areas of application of artificial intelligence and
machine learning algorithms in the agricultural
supply chain. In this case, machine learning
technologies are used to predict crop yields,
soil properties, and irrigation requirements, as
well as for disease detection and weather fore-
casting. Particularly, Al allows to check defec-
tive crops and improve the potential for healthy
crop production. Smagulova Sh.A.[8] analyzes
the implementation of digitalization of land use
in farms in the northern regions of Kazakhstan,
in particular, the use of satellite navigation for
rapid monitoring of crop maturation, irrigation
levels, plant diseases, and online monitoring of
sowing and harvesting operations.

Kulisz M., Duisenbekova A. [9] applied ar-
tificial neural networks (ANN) to predict agricul-
tural yields in Kazakhstan, focusing on the ef-
fects of economic management and policy de-
velopment. Accurate yield forecasts can facili-
tate agricultural planning and make a positive
contribution to food security.

Materials and methods

The overall methodology is influenced by
the need for a comprehensive and systematic
approach to analyze literature on artificial intel-
ligence in agriculture.

The method of systematic literature re-
view, which contains a descriptive part and
content analysis, was applied. The Aria M.,
Cuccurullo C. [10] was used for the descriptive
part of the review. Such an approach is aimed
at ensuring that the findings are robust, repro-
ducible, and provide a clear picture of the cur-
rent state of research in the field.

The initial search results in the context of
the current study included articles published up
to and including January 2025. Keywords such
as “artificial intelligence" and "agriculture" were
used as the main search query. The results ob-

tained were limited to the thematic categories
of business, management and accounting, the
type of document "Article" or "Review" and the
English language. As a result, 747 articles
were selected, which were the focus of the des-
criptive analysis. This analysis includes several
fundamental components, including the co-oc-
currence network and trend topics. A search
query in the Scopus database was conducted
based on the article title, abstract, and key-
words. The Biblioshiny software was used for
descriptive analysis. Subsequently, the second
section of the review focuses on content ana-
lysis, which focuses on the 10 most relevant ar-
ticles. This methodical approach ensures a
comprehensive study of the existing literature.

Results

Annual publication productivity. An analy-
sis of the annual publication productivity shows
that up to and including 2007, there were al-
most no publications on the topic of Al in the
agricultural sector, only in some years no more
than 3 studies per year on this topic were pub-
lished. In the period from 2008 to 2015, publi-
cation activity increased slightly, averaging
about 8 studies per year. Since 2016, there has
been a noticeable increase in scientific interest
in the topic of Al in the agricultural sector: in
2016, twice as many articles were published as
in 2015. And in 2024, publication activity ex-
ceeded that in 2023 by almost 2 times, amoun-
ting to 201 articles — as many as had not been
published on this topic in all previous years
(figure 1).

Trend topics. Figure 2 shows the trend
topics in the field of artificial intelligence in the
agricultural sector for the period from 2003 to
2024. Along with Al and agriculture, which are
the core of the topic under study, precision
farming has been a trend topic since 2021.
Starting from 2019, machine learning and deep
learning topics are gaining popularity. The fun-
damental topic that remained popular for 15
years, from 2003 to 2018, was the topic of neu-
ral networks. The topic of irrigation is im-
portant, since the frequency of occurrence of
the corresponding keyword was 18. Decision
support systems in agriculture, including
through dynamic simulation, are also of scien-
tific interest, reaching a peak in popularity in
2017-2020. Since 2024, the topics of crop mana-
gement and weed control have become popular.

Co-occurrence Network. The Bibliometrix
R package with the Biblioshiny tool was used
to build a co-occurrence network. The author's
keywords with the Walktrap clustering algo-
rithm were used.
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Figure 2 - Trending topics in the field of Al in the agricultural sector

The basic central and largest cluster is the
artificial intelligence cluster. Within this cluster,
such nodes as "agriculture", "precision farm-
ing" and "machine learning" are located close
to the central node. The proximity of these
nodes indicates a close relationship between
these concepts. Technologies such as neural
networks, blockchain, the Internet of Things,
remote sensing, big data, robotics, computer

vision, smart agriculture, and cloud computing
are located in the same cluster. The location of
these technologies within the Al cluster indi-
cates the active use of these technologies in
agriculture. The Al cluster also includes the
keywords "evapotranspiration" and "irrigation
planning".

These concepts are closely related and
play an important role in managing water
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resources and improving agricultural effi-
ciency. The location of these concepts in the Al
cluster indicates the significant role of Al tech-
nologies in water resource management and ir-
rigation planning. The nodes of "sustainable
agriculture", "sustainability" and ‘“climate
change" are also located within the central
cluster of Al, which indicates the important role
of Al in achieving the goals of sustainable de-
velopment through the application of more ef-
fective practices of sustainable agriculture.
The next largest cluster is the Food Secu-
rity cluster, which includes keywords such as

decision support

transfer learning

automation, digitalization, machine vision, and
Al. The "Smart Agriculture” cluster has been al-
located to a separate cluster, containing such
nodes as "Agriculture 4.0", "Digital Agriculture”,
"Sensors" and "Decision-making”. A small but
distinct cluster is the Precision Animal Hus-
bandry cluster, which includes the keyword
"Animal welfare." According to the co-occur-
rence network, the cluster "Precision animal
husbandry" is closely related to keywords such
as modeling, sensors, and smart agriculture
(figure 3).

convolutional neural network S— . :
artificial intelligence (ai)

computer vision neural networks  classification food security  random forest
inabili deep learnin w
sustainability pie g | : digitalization
: & image processing
modeling pr—— automation
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Figure 3 - Co-occurrence Network

Content analysis results. In addition to the
descriptive bibliographic analysis, a content
analysis was conducted. The period from 2016
to 2025 was used for content analysis, as a no-
ticeable and steady increase in scientific in-
terest in the topic of Al applications in agricul-
ture began in 2016. This involved identifying
the 10 most influential and relevant articles on
the topic of artificial intelligence in agriculture,
namely those with the highest overall citation
rate. The list of 10 articles selected for content
analysis is presented in table.

Zhai Z., Martinez J.F., Beltran V. et al. [5]
examined the challenges associated with the
application of agricultural decision support sys-
tems in Agriculture 4.0. In this article, a syste-
matic literature review method is used to exa-
mine thirteen representative decision support
systems, including their application to agricul-
tural task planning, water resources manage-
ment, climate change adaptation, and food
waste control. A comprehensive assessment

was conducted in terms of interoperability,
scalability, availability, and usability.

Talaviya T., Shah D., Patel N. et al. [6] re-
viewed various applications of artificial intelli-
gence in agriculture, such as irrigation, wee-
ding, crop spraying and monitoring, yield map-
ping and monitoring using sensors and other
means embedded in robots and unmanned
aerial vehicles. These technologies help to
avoid excessive use of water, pesticides, her-
bicides, maintain soil fertility, and also help to
use labor efficiently, increase productivity, and
improve product quality. The article also dis-
cusses various methods used by unmanned
aerial vehicles for spraying and crop monitoring

Kakani V., Nguyen V.H., Kumar B.P. et al.
[11] provides insight into modern artificial intel-
ligence and computer vision technologies that
can help farmers in agriculture and the food in-
dustry. In particular, the review examines com-
puter vision and intelligent analysis methodolo-
gies that are used in several fields of agricul-
ture, such as the food industry, agricultural-
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based applications, plant data analysis, and in-
telligent irrigation. The authors also consider in
detail startups based on atrtificial intelligence
and computer vision used in the agricultural
food industry.

Paymode A.S., Malode V.B. [12] proposed
a neural network model for classifying sick and
healthy leaves using the example of grapes
and tomatoes. As part of the study, the effec-
tiveness parameters of the proposed model,
such as accuracy, sensitivity, and specificity,
were calculated and monitored. To identify and
analyze leaf diseases, a deep learning convo-
lutional neural network (CNN) model was used
to classify images of healthy and diseased
leaves. The methods of data augmentation, da-
taset preprocessing, training, and testing were
applied to the neural network model. Thus, the
model proposed by the authors increased the
accuracy of classification of diseased and
healthy leaves for grapes by 98.40%, and for
tomatoes by 95.71%.

Zhang P., Guo Z., Ullah S. [13] provide
examples of how the integration of artificial in-
telligence and nanotechnology into precision
farming can optimize agricultural processes.
For example, controlled machine learning algo-
rithms can be used to predict acquired bio-
molecular crowns (secretions from the rhizo-
sphere, leaf sections, and bionts) and their
evolution during the entry of nanomaterials into
plants, as well as to predict the transformation
of nanomaterials and their effects on soil or leaf
bionts. Machine learning with reinforcement
can also have a positive impact on agricultural
processes: an intelligent Internet of Things sys-
tem for agriculture based on deep reinforce-
ment learning has been developed to increase
food production using deep reinforcement
learning to make operational decisions such as
determining the amount of water needed for
irrigation.

Hafeez A., Husain M.A., Singh S.P. et al.
[14] conducted an analysis of technologies of
unmanned aerial vehicles and their modifica-
tions in the agricultural sector over the past
decade. The use of unmanned aerial vehicles
in the field of crop monitoring and pesticide
spraying in precision agriculture was consid-
ered. In addition, the use of artificial intelli-
gence and deep learning for remote monitoring
of crops was discussed.

The main purpose of the Virnodkar S.S.,
Pachghare V.K., Patil V.C. [15] study was to re-
view approaches to detecting crop water scar-
city around the world based on remote sensing
methods and machine learning algorithms.

Importantresearch objective by Subeesh A.,
Mehta C.R. [16] and his co-authors was to

identify the most significant areas of application
of artificial intelligence and the Internet of
Things in the field of agricultural engineering
based on a review of relevant articles. Based
on the results of the review, the authors identi-
fied the most important areas of Al application
in the field of agriculture:

Application of fertilizers. Along with the
presence of weeds, insufficient or excessive
fertilization is another important reason for the
low yield of agricultural land. The Internet of
Things technology can help to apply fertilizers
more efficiently. Applying the principles of
fuzzy logic helps to analyze and make a con-
clusion about the amount of fertilizers that need
to be applied.

Pest and weed control. The targeted use
of herbicides to control weeds remains a diffi-
culttask, as it leads to harmful effects on health
and the environment. The introduction of Al in
agriculture will reduce the rate of herbicides ap-
plication, as well as the number of sprays of
field and horticultural crops, thereby reducing
the need for pesticides, the risk of overuse and
reducing soil and groundwater pollution.

Automated livestock management. The
precision poultry farming system consists of
three components that require monitoring,
namely the environment, the precision feeding
system, and the well-being of the bird. Environ-
mental monitoring systems consist of several
sensors that are capable of measuring temper-
ature, humidity, and gases such as carbon di-
oxide and ammonia, which can affect poultry
health. In addition, forecasting models based
on deep learning can predict the weight of broil-
ers 72 hours in advance. Precision feeding sys-
tems allow to control feed intake.

In the Ben Ayed R., Hanana M. [7] study,
the authors explore the main areas of applica-
tion of artificial intelligence and machine learn-
ing algorithms in various parts of the agricul-
tural supply chain. At the pre-production stage,
machine learning technologies are used to pre-
dict crop yields, soil properties, and irrigation
requirements. At the manufacturing stage, ma-
chine learning can be applied to detect dis-
eases and predict the weather.

Javaid M., Haleem A., Khan I.H. et al. [17]
briefly describe the process of applying artificial
intelligence in agriculture and some agricultural
parameters monitored using artificial intelli-
gence. The authors also identified and dis-
cussed important areas of application of artifi-
cial intelligence in agriculture. Examples in-
clude tractors with automatic control, intelligent
irrigation, spraying, fertilization systems, and
harvesting robots based on artificial intelli-
gence. Artificial intelligence is used in
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agriculture to harvest crops in fields, monitor
livestock health, control pests, and identify
shortages. Data on temperature, soil, water
use, weather and other factors are collected

and processed by artificial intelligence models
in real time to select the optimal seed planting
time, to select the optimal type and variety of
seeds to increase yields (table).

Table - Content analysis of the 10 most relevant and cited studies in the field of Al applications in

agriculture

Article (author
and reference)

Article type

Research question

Conclusion

Zhai

review

What challenges should deci-
sion support systems in the field
of Agriculture 4.0 meet?

Seven key challenges have been
identified that need to be addressed
for more effective functioning of de-
cision support systems

Talaviya

review

How can artificial intelligence be
introduced into agriculture to op-
timize irrigation, application of
pesticides/herbicides and other
agricultural processes?

Artificial intelligence has improved
crop production, monitoring, har-
vesting, processing, and marketing

Kakani

review

How can computer vision and Al
be applied in agriculture?

An overview of the use of Al and
computer vision in agriculture is
presented

Paymode

empirical

What is the purpose of predicting
the type of disease that can af-
fect grapes and tomato leaves at
an early stage?

The proposed neural network
model achieved 98.40% accuracy
for grapes and 95.71% for tomatoes
when classifying healthy and dis-
eased leaves

Zhang

review

How can the convergence of
nanotechnology and Al enable
sustainable and precision agri-
culture?

The convergence of Al and nano-
technology in precision agriculture
can accelerate development and
help overcome current barriers

Hafeez

review

What are the advances in un-
manned technologies for preci-
sion farming, crop monitoring,
and pesticide spraying?

Multicopters and fixed-wing devices
are used to monitor crops and de-
tect livestock. Unmanned helicop-
ters are used to spray pesticides or
fertilizers

Virnodkar

review

What methods of monitoring the
water stress of crops using re-
mote sensing and machine
learning are used?

Remote sensing and machine
learning techniques can improve
the detection and management of
crop water scarcity

Subeesh

review

What are the applications of Al
and the Internet of Things in the
field of agricultural engineering?

Applications include intelligent agri-
cultural machinery, irrigation sys-
tems, weed and pest control, and
fertilization

Ben Ayed

review

What are the main applications
of Al and machine learning in the
agri-food sector?

Al is used to predict crop yields, de-
tect diseases, and forecast the
weather

Javaid

review

The goal is to identify and dis-
cuss the main areas of Al appli-
cation in agriculture

Al is used in intelligent irrigation,
spraying, fertilization, pest control,
selection of the optimal seed plant-
ing time, the optimal type and vari-
ety of seeds

Note:compiled by authors

Discussion

The review revealed that since 2021, the
topics of precision farming, irrigation, crop and
weed management, and decision support have
become popular research in the agricultural
sector related to artificial intelligence. This is

confirmed by the content analysis of the most
cited papers in this field.

In turn, the use of "co-occurence net-
works" to identify key topics and trends has
also demonstrated the close relationship be-
tween artificial intelligence research and areas
such as agriculture, precision farming, and
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machine learning. At the same time, there is an
active interdisciplinary intersection of research
in the agricultural sector with such areas as
neural networks, blockchain, the Internet of
Things, remote sensing, big data, robotics,
computer vision, smart agriculture, and cloud
computing. Interdisciplinary research in the
field of water resources management, sustain-
able agriculture and food security represents a
significant share. So far, a relatively small
share is occupied by research on precision an-
imal husbandry, which is closely related to key-
words such as modeling, sensors and smart
agriculture, which, however, does not exclude
their further growth.

Despite the rapid development, such sig-
nificant research areas as the use of machine
learning technologies, precision farming, the
Internet of Things, computer vision, and remote
sensing remain insufficiently researched in
terms of improving agricultural efficiency. Deci-
sion support systems, genetic algorithms, mod-
eling and simulation, as well as neural net-
works, including data mining and quality con-
trol, need to be actively studied. Technologies
such as artificial neural network (ANN) and
adaptive neuro-fuzzy inference system (ANFIS)
combined with drought seem promising.

In general, it is obvious that in the near fu-
ture there will be significant effects from the
synergy of artificial intelligence with specific in-
dustry technologies such as genetic enginee-
ring, biotechnology and nanotechnology.

Conclusion

1. Since 2016, there has been a notice-
able increase in scientific interest in the topic of
Al in the agricultural sector, which is associated
with the growing relevance of issues related to
improving agricultural efficiency and food secu-
rity. These issues can be solved using Al
technologies.

2. Current research areas in the field of Al
applications in agriculture are precision farm-
ing, machine learning and deep learning tech-
nologies. Decision support systems in agricul-
ture using Al are a trend topic. In addition, since
2024, the issues of precise irrigation, crop ma-
nagement and weed control become relevant.

3. According to the results of the co-occur-
rence network, remote sensing, big data, robot-
ics, computer vision, smart agriculture, and
cloud computing collectively form the core of Al
technologies which can be used in agriculture.

4. A content analysis of the ten most rele-
vant and cited publications has shown that key
Al technologies such as cloud technologies, re-
mote sensing, computer vision algorithms, ma-
chine learning, unmanned Al technologies,
neural networks and deep learning can be

used in precision agriculture to reduce water
consumption during irrigation, crop yield fore-
casting, and monitoring of crops and spraying
of pesticides and fertilizers.

5. The conducted systematic literature re-
view has shown the growing relevance of the
use of artificial intelligence in agriculture, which
is confirmed by the growth of scientific produc-
tivity, the analysis of trend topics, as well as the
results of the co-occurrence network and con-
tent analysis.
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