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Tsymbal L. I., Murakhovskyi M. V. Transformation of the Global GM Crop Market:
New Production Centers and Regional Trends

The article examines the transformation of the global market for genetically modified (GM) crops in the context of growing food, climate, and technological
challenges. The relevance of the study is determined by the need to identify emerging trends in the development of the global GM crop market, changes in the
geography of production, and the increasing role of developing countries in the global agrifood system. Despite the considerable body of research devoted to the
economic efficiency and regulation of genetically modified products, the processes of spatial market transformation and the emergence of new regional produc-
tion centers remain insufficiently explored. The aim of the study is to systematize and assess transformation processes in the global GM crop market, identify
changes in the territorial structure of production, and determine new development centers under the influence of economic, technological, and institutional fac-
tors. The methodological framework of the research is based on statistical, comparative, structural, and dynamic analysis, as well as the synthesis of data from in-
ternational organizations and industry analytical reports. The results of the study indicate that global areas cultivated with GM crops increased from 179.4 million
hectares to 209.8 million hectares during 2014-2024. The market has entered a mature stage of development characterized by a high concentration of production
and the dominance of several major crops, particularly soybeans and maize. A gradual shift of production centers from traditional leaders toward the countries
of the Global South, including Brazil, Argentina, India, and several countries in Asia and Africa, has been identified. The study demonstrates that Latin American
countries account for nearly half of the world’s GM crop cultivation area, while the United States maintains its leading position in biotechnology research, patent-
ing, and commercialization. Furthermore, the growing integration of GM technologies with digital solutions, precision agriculture technologies, artificial intel-
ligence, and big data analytics has been revealed. The scientific novelty of the research lies in its comprehensive analysis of the contemporary transformation of
the global GM crop market through the lens of changes in the regional production structure and the emergence of new agrobiotechnology development centers.
The practical significance of the findings is associated with their potential application in forecasting the development of the global agricultural sector, shaping
public biotechnology policies, and assessing the prospects for integrating innovative agricultural technologies into international food systems.
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Lumban /1. 1., Mypaxoscekuli M. B. TpaHcghopmayis ceimoeozo puHKy IM-Kyabmyp: Hoei yeHmpu 8upobHUYMea ma pe2ioHanbHi meHOeHyii
Y cmammi docidxeHo mpaHcgopmayiio 2n06a16H020 PUHKY 2eHemUYHO Modugpikosarux (TM) Kynbmyp 8 ymosax nocuneHHs npo008OALYUX, KAIMAMUYHUX
i mexHono2iHUX BUK/UKIG Cy4acHoCMi. AKmyanbHicme 00CAIOMEHHA 3yMo8aeHa HeobXiOHICMIO 8usAeaeHHSA HOBUX meHOeHUil pO38UMKY C8imoBo20 PUHKY
HQ 3HAYHY KinbKicme 00C/1iOHeHb, MPUCBAYEHUX eKOHOMIYHIL eheKkmusHOCMi ma pezyntosaHHI0 2eHemu4Ho MooudhikosaHoi MPodyKyii, HedocmamHeo 8u-
8YEHUMU 30/UWAIOMbCA NPOUECU MPOCMoposoi MpaHchopmauii puHKY ma opmyeaHHs HOBUX pe2ioHanbHUX yeHmpie 8upobHUYmMaa. Memoto docnidieHHs
€ cucmemamu3ayis ma oyiHka mpaHcopmayiliHux npoyecie Ha 2106anbHOMy PUHKY [M-Kyabmyp, 8U3HAYEHHA 3MiH y mepumopianbHili cmpykmypi 8upob-
HUYmMea ma ideHmudikayis Ho8ux yeHmpie po38uUMKy Mio 8naAUBOM EKOHOMIYHUX, MeXHOM0IYHUX | iHcmumyyiliHux hakmopis. Memodono2ivyHok 0cHOBOI
docnidneHHa cmanu Memodu cmamucmMu4Ho20, MOPIBHANLHO20, CMPYKMYPHO20 Ma OUHOMIYHO20 GHAAI3Y, @ MAKOM Y3020bHEHHA OaHUX MiXCHAPOOHUX
opeaHizayili i 2any3esux aHamimuyHux 3gimie. Y pesynemami 0ocnioxeHHs 8cmaHosneHo, wo npomsazom 2014-2024 pp. caimosi naowi 8upowysanHa M-
Kynemyp 36inewunuca 3 179,4 0o 209,8 maH 2a. BusHayeHo, wjo puHok nepebysae Ha cmadii 3pino2o po3sumKY, Xapakmepu3syemsca BUCOKOK KOHUeHMpa-
uieto 8upobHUYMBa ma OOMIHYBAHHAM OeKinbKoX Kyabmyp, Hacammeped coi ma KyKypyod3u. BusesneHo 3amiujeHHs ueHmpie 8upobHuumea 8id mpaduuyitiHux
nidepie Ao KpaiH nobansHoezo [iedHs, 30kpema bpasunii, ApeeHmuHu, IHOii ma okpemux depxcas Asii (i Adppuku. JosedeHo, wjo kpaiHu JlamuHcbkoi AMepuKu
3a6e3nevyromo malixe nonosuHy ceimosux naow; nocisie MM-kynemyp, modi sk CLUA 36epieatomb nidepcoki no3uyii y cghepi Haykosux po3pobok, namex-
myB8aHHA ma Komepuianizauii 6iomexHonoeili. BcmaHoeneHo nocuneHHs iHmezpayii TM-mexHonozili i3 yuposumu pitueHHAMU, MEeXHOM0RIAMU MOYHOR0
3emnepobcmea, WMmy4HUM iHMenekmom ma iHCmpymMeHmamu aHasnisy eenukux 0aHUX. Haykosa HOBU3HA DOCAIOHEHHA MOAARAE 8 KOMMAEKCHOMY aHAI3i
cy4acHoi mpaHcgopmayii 2106a6H020 puHKy MM-Kyabmyp yepe3 npusmy 3MiHU pezioHanbHoi cmpykmypu 8upobHUYMea ma GopmysaHHs HOBUX UeHmpig
aepobiomexHo/102i4H020 PO38UMKY. [TPAKMUYHE 3HAYEHHA OMPUMAHUX Pe3ynbmamig noafA2ae 8 MOXIUBOCMI IX BUKOPUCMAHHSA 0/ MPO2HO3Y8aHHA PO3-
8UMKY C8IM0B020 A2PAPHO20 CeKMopa, opMysaHHs OepxagHoi noaimuku y ciepi biomexHonoezili ma ouiHku nepcrnekmus iHmezpayii iHHosayiliHux aepo-
mexHosnozili y MixHapoOHi IPodo8oabYI cucmemu.
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odern realities, marked by growing global

demand for food, aggravation of food secu-

rity issues and the consequences of climate
change, bring to the forefront the importance of the de-
velopment of biotechnology in agriculture. One of the
key areas of these innovative developments is the spread
of genetically modified crops (GM crops). They are able
to provide increased yields, resistance to pests, diseas-
es and adverse natural and climatic conditions. Over
the past decades, the global market for GM crops has
shown rapid growth, while simultaneously experienc-
ing significant structural changes under the influence of
technological advances, geo-economic transformations
and changes in the global agro-industrial system.

The development of the global market for geneti-
cally modified products is influenced by a complex of
interrelated factors, among which the leading place
is occupied by the achievements of biotechnology,
the economic advantages of using GM crops and the
features of State regulation in the field of agricultural
production. The spread of genetically modified organ-
isms is accompanied by active scientific and public
discussions on their impact on the environment, food
security and health of the population. In the context
of increasing global challenges, in particular climate
change, population growth and the need to increase
agricultural productivity, genetically modified prod-
ucts are increasingly considered as one of the tools for
ensuring the stability of the agricultural sector. The
use of modern biotechnological solutions contributes
to increasing yields, crop resistance to adverse natu-
ral conditions and optimizing agricultural production
processes on a global scale.

The relevance of the study is determined by the
growing role of genetically modified products in en-
suring the stable functioning of the global agricultural
sector and the need to assess current trends in the de-
velopment of this market in the context of global eco-
nomic transformations. Of particular importance is
the study of the economic consequences of the spread
of GM products, their impact on international trade,

42

food security, and the competitiveness of agricultural
economies.

espite the fact that the USA, Brazil, Argentina

and Canada remain leaders in the production

of genetically modified crops, new centers have
recently appeared on the world map of production in the
countries of Asia, Africa and Latin America. The expan-
sion of the geography of GM crop cultivation is largely
influenced by changes in State policy regarding the use
of biotechnology, increased investment by transnational
companies, the development of research infrastructure
and the need to adapt the agricultural sector to climate
change. However, different regional approaches to regu-
latory policy, public perception and the level of techno-
logical development create a certain heterogeneity in the
global trends in the functioning of this market. In view of
this, it is becoming increasingly important to analyze the
transformation of the global GM crop market, identify
new production centers and study the regional features
of its development. This approach allows us to more ef-
fectively assess current trends in international agribusi-
ness, outline promising areas for the development of the
biotechnology sector and predict possible consequences
for the global food system.

Literature review. The market for genetically
modified products is the subject of active scientific
research by a significant number of scientists, and
particularly intensive development of this direction
is observed at the beginning of the modern century.
Modern research is characterized by increased in-
terdisciplinarity and integration of approaches of in-
ternational economics, agrarian and environmental
economics. The main attention of scientists is focused
on issues of economic efficiency of biotechnology and
transformation of global agri-food markets, which is
reflected, in particular, in the works of Kuzmenko O.
and Chyzhevska M. [1]. Issues of institutional regu-
lation, as well as analysis of consumer preferences
and market behavior are highlighted in the studies of
J. Brown et al. [2], S. Smith, V. Kerr and P. Phillips [3].
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National approaches to regulating the market for
genetically modified products are analyzed in detail in
the works of Lubieniechi S., Gleim S. and Smyth S. [4]
Meta-analytic studies by Matin Qaim and colleagues,
as well as recent works by Graham Brookes and Peter
Barfoot [5], demonstrate that the introduction of ge-
netically modified crops can contribute to increased
yields, reduced costs for plant protection products and
increased profits for agricultural producers. However,
it is noted that economic results vary significantly de-
pending on the specific country, the characteristics of
the agricultural sector and the level of technological
development [6]. In the field of behavioral econom-
ics, significant emphasis has been placed on research
into consumer preferences for genetically modified
products. As evidenced by the works of Jayson Lusk
and other scientists [7], consumer attitudes towards
such products are determined not only by their price,
but also by the level of trust in relevant institutions,
transparency of information and socio-cultural char-
acteristics. In addition, there is a stable trend towards
increasing demand for alternative market segments,
such as organic products and GMO-free products.
The works of R. L. Paarlberg [8] and his colleagues em-
phasize the impact of regulatory differences between
countries, in particular in the context of differences
between the practices of the European Union and the
United States. Such differences form significant non-
tariff barriers that affect the structure of international
trade in agri-food products. Separately, the scientific
literature focuses on issues of sustainable development
of the agricultural sector. Modern studies, for exam-
ple, Amanulah M., Nahid M., Hosen S. Z. [9], note that
the use of GM technologies can contribute to reducing
the use of pesticides and increasing the efficiency of
resource use in agricultural production. At the same
time, transformation processes in the market of ge-
netically modified products and changes in regional
disparities remain insufficiently studied, which deter-
mines the basis of this study.

The aim of the study is to systematize and assess

transformation processes in the global GM

crop market, establish changes in the spatial
structure of production, and identify new regional
development centers taking into account economic,
technological, and institutional determinants.

Results. The formation and development of the
global market for genetically modified products is in-
fluenced by a combination of technological, economic
and regulatory factors. An important driver is the de-
velopment of genetic engineering and biotechnology,
which contributes to increasing agricultural produc-
tivity, creating crops resistant to climate change and
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expanding agricultural production opportunities. At
the same time, the deterioration of global food security
indicators highlights the need to implement innova-
tive agricultural technologies that can meet the grow-
ing food needs of the world's population [10]. During
the period from 1996 to 2020, the economic benefits
for farms from the use of GM crops were significant,
and farm income from the use of these technologies in-
creased by USD 261.3 billion [11]. However, it is worth
noting that the market for genetically modified prod-
ucts is under pressure from regulatory instruments,
within which international organizations, in particu-
lar the Organisation for Economic Co-operation and
Development, form safety standards, risk assessments
and regulation of international trade in genetically
modified products [12].

T he global market for genetically modified prod-

ucts is developing at a high pace and is char-

acterized by a steady trend towards expansion
both in terms of production volumes and geography
of distribution. Since the commercial introduction of
GM crops in the mid-1990s, the world's areas of their
cultivation have grown almost every year, which indi-
cates a gradual strengthening of the role of biotechnol-
ogy in modern agricultural production. The dynamics
of market development is due to the growing demand
for highly productive and resistant to adverse natural
and climatic conditions crops, as well as the need to
increase the efficiency of land, water and labor re-
sources (Thl. 1).

Table 1

Dynamics of changes in the areas of cultivation
of GM crops in the world

wh ar
Year un(si:r Gl; ::)ps Change
2013 170.1 4.2
2014 1794 53
2015 176.8 -14
2016 180.2 1.9
2017 186.9 3.7
2018 186.9 0.0
2019 186.4 -0.2
2020 189.1 1.4
2021 196.2 38
2022 202.9 34
2023 205.8 1.4
2024 209.8 1.9

Source: [13;14].

Over the period 2014-2024, the global planted
area under genetically modified crops increased from
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179.4 million hectares to 209.8 million hectares, cor-
responding to a cumulative increase of about 16.9%
and an average annual increase of about 1.7%. The
dynamics is characterized by a wave-like develop-
ment: in 2014-2019 there was stagnation and peri-
ods of slight contraction (in particular in 2015 and
2019), which reflects market saturation in the lead-
ing producing countries and regulatory restrictions,
while after 2020 there was a recovery of growth with
peak rates in 2021-2022 (3.8% and 3.4%, respectively),
which was caused by the strengthening of global food
demand, price shocks and the expansion of produc-
tion in the countries of the Global South, primarily
in Brazil and Argentina, which collectively increased
more than 10% of the cultivated area. In 2023-2024,
the growth rate stabilized at 1.4—1.9%, which indicates
the transition of the market to the phase of a mature,
moderately growing agro-biotechnological sector with
a high concentration of production and limited space
for expansion in traditional regions. In 2024, the world
saw a moderate expansion of the area of cultivation of
genetically modified crops — the increase was almost
2%. The main factor behind this was the increase in
soybean, cotton and canola crops, while the area under
GM corn decreased. The most dynamic growth among
individual countries was demonstrated by Vietnam,
Uruguay, Spain and Myanmar. At the same time, the
largest absolute increase was recorded in Argentina,
where the cultivated area increased by 1.8 million
hectares. The United States retained its position as the
largest producer of GM crops in the world, demon-
strating an increase in acreage due to the expansion of
soybean, cotton and rape cultivation [15].

30

'The number of countries growing genetically
modified crops is increasing every year and is
approaching 30 (Fig. I).

The GM crop market is characterized by a high
level of territorial concentration, with production
largely concentrated in a limited number of countries.
The leading producers are the United States, Brazil,
Argentina, Canada, and India, which together account
for more than 90% of the global area planted with GM
crops and generate the majority of world output. The
dominance of these countries is driven by favorable
regulatory frameworks, strong agricultural sectors,
advanced biotechnology adoption, and significant in-
vestments in agricultural research and development.
At the same time, the market structure demonstrates
increasing participation of developing economies,
particularly in Latin America and Asia, where GM
technologies are being widely adopted to enhance
productivity, improve resilience to climate change,
and strengthen export competitiveness. As a result,
while the market remains highly concentrated, the
geographical distribution of production is gradually
expanding, reflecting the emergence of new regional
centers of GM crop cultivation (7h1. 2).

In general, genetically modified crops are offi-
cially allowed for cultivation in more than 30 coun-
tries worldwide [16]. It is worth noting that genetically
modified crops occupy about 36% of the world's sown
areas, and the dynamics of development are quite ac-
tive — from 1.7 million hectares in 1996 to over 200
million hectares at the current stage of development.
This confirms the growing role of biotechnology as a
strategic tool for ensuring sustainable development,

25

20

15

10

1996
1997

o
= Number of countries growing GM crops

Fig. 1. Number of countries growing genetically modified crops, 1996-2024

Source: [13; 16].
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in particular in addressing global challenges related to
food security and climate change.

Table 2
Leading countries by the number of sown areas
for GM crops, 2024
Area under
GM crops, | Change, | Share,
No. Country miIIio':\ %g %
hectares
1 | USA 754 13 35.9
2 | Brazil 67.9 1.4 324
3 | Argentina 238 8.3 11.4
4 | Canada 11.7 -04 5.6
5 India 1.2 -7.1 53
6 | Paraguay 44 2.1 2.1
7 China 35 17.9 1.7
8 | South Africa 35 -0.5 1.7
9 | Pakistan 1.9 -16.7 0.9
10 | Bolivia 1.8 1.4 0.9
- | Others 4.8 22,5 23
Total 209.8 1.9 100.0
Source: [13].

It is worth noting that this market is dominated
by developing countries, with only the countries of
Central and South America providing about 50% of
the sown areas of genetically modified crops (75.. 3).

Table 3

Area sown with genetically modified crops
in Central and South American countries, 2024

Country .Sc?wn areas, Change, | Share,
million hectares % %
Brazil 67.9 13 68.1
Argentina 23.8 8.3 239
Paraguay 44 2.1 44
Bolivia 1.8 14 1.8
Uruguay 1.5 49.8 1.5
Colombia 0.2 1.8 0.2
Honduras 0.1 218 0.1
Chile 0.0 -16.2 0.0
Mexico 0.0 -7.6 0.0

Total 99.7 35 100.0

Source: [13].

An analysis of the structure of GM crop areas in
Latin American countries indicates a high concentra-
tion of production in several key agricultural coun-
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tries. Brazil remains the absolute leader, accounting for
67.9 million hectares or 68.1% of all GM crop areas in
the region. This confirms the country's dominant role
in the global soybean, corn and cotton market, as well
as the high level of integration of biotechnology into
the national agricultural sector. Argentina is in second
place with 23.8 million hectares and a share of 23.9%.

At the same time, this country has demonstrated
one of the highest growth rates among large producers:
8.3%, which indicates a further expansion of the use of
GM crops in export-oriented agricultural production.
Significantly smaller production scales are character-
istic of Paraguay, Bolivia and Uruguay, but their role in
the regional market is gradually increasing. Uruguay
is particularly noteworthy, where the highest growth
rate was recorded — almost 50%, which may indicate
increased agricultural investment and expansion of
biotechnological production.

In Colombia and Honduras, the areas remain
small, but positive dynamics indicate a gradual spread of
GM technologies in Central and South American coun-
tries. On the other hand, Chile and Mexico show a de-
crease in areas, which may be due to regulatory restric-
tions, changes in the State agricultural policy or public
discussions on the use of GMOs. In general, the region
is characterized by a high level of introduction of geneti-
cally modified crops and the preservation of the status of
one of the key global centers of GM production.

onsidering that the total sown area is slightly

more than 200 million hectares, almost 98

of them fall on Central and South American
countries, however, it is worth noting that the vast ma-
jority of companies involved in development and re-
search are located in the United States (Fig. 2).

The USA is the absolute world leader, dominat-
ed by Monsanto, DuPont, Dow AgroSciences, Cor-
teva, university research and USDA State programs.
The USA forms the global market for GM seeds and
technologies, the key players in the market are TNCs,
universities, seed and biotechnology companies [17].
The USA is the center of development, patenting and
commercialization of most GM technologies. The sec-
ond place in the number of companies is occupied by
China, where the key players are the Academies of Sci-
ences, universities, biotechnology companies, China
is one of the main centers of the State-based biotech-
nology research. The high role of State institutes and
national companies in the development of their own
GM technologies.

China is actively forming its own biotechnologi-
cal base, reducing dependence on Western corpora-
tions and investing in the State research. Similar ap-
proaches are taking shape in Brazil, where State agri-
cultural centers and biotechnology companies are en-
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Fig. 2. Key countries involved in the development of genetically modified organisms, 2025

Source: [17].

gaged in developments mainly in the market of geneti-
cally modified soybeans and corn. Another strategy is
being implemented in India, where the private sector
is quite actively cooperating with international corpo-
rations and companies. Seed companies, agrogenetic
enterprises, and research centers are actively develop-
ing GM cotton.

he global market for genetically modified crops
is characterized by a high level of technol-

ogy concentration within several transnational
corporations, among which Monsanto, Bayer, BASE,
Syngenta and Corteva occupy leading positions. It is
these companies that control a significant part of the
patents, the seed market and biotechnological devel-
opments in the field of agricultural production. At the
same time, the largest number of market participants
is concentrated in the countries with a powerful agri-
cultural sector and a high level of agricultural exports,
in particular in the USA, Brazil, Argentina, China and
India. The modern model of development of GM tech-
nologies is also characterized by a combination of the
public and private sectors: in the countries of Asia and
Latin America, State research institutes and academic
institutions play an important role, while in the USA
and European countries, large private agrobiotechno-
logical corporations have a dominant influence.

There is a geographical transformation of pro-
duction, the shift of centers of production of geneti-
cally modified crops from developed countries to de-
veloping countries, the role of Brazil, Argentina and
India is increasing. The current development of the
genetically modified products market is character-
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ized by the active integration of biotechnology with
digital technologies, in particular elements of preci-
sion agriculture, artificial intelligence, Big Data and
agricultural production monitoring systems. The use
of digital solutions allows to optimize the processes of
selection, yield control and adaptation of crops to cli-
mate change. At the same time, there is a transition to
a new generation of biotechnology products based on
genome editing technologies, in particular CRISPR/
Cas, which expands the possibilities of creating crops
with specified characteristics.

The dynamism of the global GM market is con-
firmed by the constant growth of the world's area of
genetically modified crops and the expansion of the
geography of their use. A significant share of the mar-
ket remains concentrated within a few transnational
corporations, such as Monsanto (now Bayer), Syngen-
ta, Corteva and BASE, which control a significant part
of the global seed market and biotechnology patents.
At the same time, the institutional environment has
an important impact on the functioning of the mar-
ket, since State policy, certification systems, labeling
requirements and regulatory restrictions differ signifi-
cantly between countries and regions of the world.

he further development of the genetically mod-
ified market will largely depend on the ability

to ensure a balance between the economic ef-
ficiency of agricultural production, environmental
safety and the level of public trust in biotechnology.
It is the combination of innovative development with
efficient regulation that will determine the prospects
for the global spread of GM products in the future.
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The use of genetically modified crops has a cer-
tain positive effect, leading to a reduction in the need
for agricultural land (approximately 180 million hect-
ares) [18].

n analysis of the dynamics and scale of areas
Asown with genetically modified crops allows

us to determine not only the level of spread of
biotechnology in agriculture, but also to identify crops
that occupy leading positions in the structure of global
agricultural production. That is why it is advisable to
move on to the characteristics of key GM crops that
form the basis of the modern market of genetically
modified products, including, in particular, soybeans,
corn, etc. (Thl. 4).

Table 4
Key GM crops, 2024
Crop Soyvp area, | Change, Share of
million ha % sown area, %
Soybean 105.1 4.7 50.0
Corn 68.4 -25 325
Cotton 242 22 11.8
Canola 10.4 1.0 5.0
Alfalfa 1.1 =55 0.5
Sugar Beet 0.5 -1.6 0.22
Sugar Cane 0.1 83 0.03
Wheat 0.0 10.8 0.02
Brinjal 0.0 27 0.00
Rice - -100.0 0.00
Total 209.8 1.9 100.0
Source: [13].

The structure of the sown areas demonstrates a
high concentration of agricultural production within
several key crops, primarily soybeans and corn, which
together form more than 80% of the total area (50.0%
and 32.5%, respectively). This configuration indicates
the dominance of the export-oriented raw material
model of the agricultural sector and increased special-
ization of production. The dynamics of changes con-
firms a further shift towards soybeans (+4.7%), while
corn demonstrates a reduction (-2.5%), which may
indicate a structural redistribution of resources be-
tween crops. Other crops (cotton, canola, alfalfa, sugar
crops) occupy much smaller shares and are character-
ized by either moderate growth or stagnation, which
further strengthens the tendency towards agricultural
concentration. In general, there is a decrease in the di-
versification of the crop structure and an increase in
dependence on the two dominant crops, which has
both economic advantages (scaling exports) and risks
(sensitivity to price fluctuations on world markets).
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GMOs are most widely used in cotton produc-
tion, with over three-quarters of the world's cotton
acreage planted with genetically modified varieties.
High levels are also seen in soybeans, where GM varie-
ties dominate in many exporting countries.

For corn and rapeseed, the share is lower, al-
though these crops also belong to the main segments
of the GM market. The phrase “after this level of global
adoption, it falls rapidly” means that other crops have
significantly lower levels of GMO use or are almost
not grown in genetically modified form at all. This is
explained by regulatory restrictions, lower commer-
cial demand, technological difficulties and ambiguous
public perception of certain types of GM products.
Cotton has the highest level of GMO use — 76.0% of
the total cotton area in the world, followed by soy-
beans — 72.4%, corn — 34.0% and rapeseed — 24.0%.
After this level, global adoption falls rapidly (Fig. 3).

he global market for genetically modified pro-
ducts is being shaped by the systemic interac-

tion of technological innovations, economic
incentives and institutional regulation, which ensures
its relatively stable and progressive growth. The analy-
sis confirms that the implementation of genetic engi-
neering achievements contributes to increasing the
productivity of the agricultural sector, increasing farm
incomes and optimizing resource use, in particular by
reducing the need to expand agricultural land.

The dynamics of sown areas indicate the transi-
tion of the market from a phase of rapid expansion to
a stage of mature development, characterized by mod-
erate growth rates and high geographical concentra-
tion of production in leading countries. At the same
time, the increasing role of the countries of the Global
South indicates a gradual transformation of the spatial
structure of the market.

At the same time, the further development of the
market for genetically modified products will be deter-
mined not only by economic feasibility, but also by the
efficiency of regulatory mechanisms, the level of public
trust and the ability to ensure a balance between inno-
vation, environmental safety and food stability. In this
context, the integration of biotechnology with digital
solutions opens up new prospects for increasing the
efficiency of agricultural production, but at the same
time actualizes the need to improve global governance
and harmonize standards at the international level.

CONCLUSIONS

The global market for genetically modified crops
is characterized by a gradual shift in production cen-
ters from traditional leaders (United States, Brazil and
Argentina) to new regions, in particular, countries in
Asia, Africa and Latin America, where there is an ac-
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Source: [13].

tive introduction of biotechnology into agriculture.
Regional differentiation in the development of the GM
crop market has been identified: commercial mass
production dominates in the countries of the Ameri-
cas, while countries in Asia and Africa demonstrate a
gradual expansion of crop areas and increased invest-
ment in agrobiotechnology. The strengthening of the
role of new production centers is changing the struc-
ture of global agri-food competition and shaping new
directions of international trade in genetically modi-
fied products. Further development of the global GM
crop market will depend on the harmonization of in-
ternational regulation, the level of public acceptance of
biotechnology, the innovative activity of transnational
agri-biotech companies and the integration of digital
technologies into agricultural production. |
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