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Abstract

In the modern world, facing the challenges of food security and the need to adapt agricultural production to climate
change, sorghum appears as one of the most promising crops. Due to its exceptional drought resistance, unpretentiousness to soil
conditions and efficient water consumption, sorghum provides stable yields even in regions with adverse climates, where traditional
crops such as corn are ineffective. Its versatility covers a wide range of uses: from a valuable source of protein and energy for live-
stock to the production of biofuels, starch, alcohol and gluten-free products for the food industry. Sorghum is also recognized as a
"smart food" due to its high nutritional value (source of vegetable protein, iron, B vitamins, antioxidants), lack of gluten and poten-
tial medicinal properties, in particular for diabetes and gastrointestinal diseases. Despite the global growth of interest in sorghum
and its position as the fifth largest grain crop in the world, its cultivation in Ukraine remains at a relatively low level. The problem
lies in the underutilization of sorghum's potential due to a number of limiting factors, such as fragmented or outdated production
data, insufficient awareness of farmers, lack of proper infrastructure for processing and marketing, limited access to quality seed
material, as well as the impact of the full-scale invasion of the Russian Federation, which led to a sharp reduction in sown areas in
2022-2023. The article provides a comprehensive analysis of the global and Ukrainian dynamics of sorghum production, highlight-
ing the main trends, such as fluctuations in sown areas (a decrease of 9.2% in the world in 2013-2023) and gross harvests, as well as
regional differences in yields. Particular attention is paid to the impact of climate change and the consequences of military opera-
tions on the agricultural sector of Ukraine. The study identifies key economic and agrotechnical prospects for sorghum, the need to
form a strategy for the development of the industry and assess the export potential of Ukraine. The proposed scientifically based
recommendations are aimed at stimulating the development of this crop to increase the country's food, feed and energy security,
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contributing to the sustainable development of agriculture.

Key words: sorghum grain, yield, sown areas, production volumes, main producers.

Introduction

In the modern world, food security and sustain-
ability of agricultural production are among the most
important global challenges. Climate change, population
growth and the need to reduce the burden on limited re-
sources require the search for new, more adapted and
efficient agricultural crops. In this context, sorghum
stands out as one of the most promising crops, capable of
playing a key role in ensuring food, feed and energy se-
curity, especially in conditions of increasing water scarci-
ty and variability of climatic conditions.

The relevance of the research topic is due to
several key factors:

Climate change and adaptation of agriculture:
Ukraine, like many other countries, is experiencing the
consequences of global climate change, which are mani-
fested in the increase in droughts, an increase in average
annual temperatures and a change in the precipitation
regime. Sorghum, known for its high drought resistance
and unpretentiousness to soil conditions, is an ideal crop
for adapting the agricultural sector to these changes. Its
ability to efficiently use moisture allows for stable yields
even in regions with adverse climates, where traditional
crops such as corn may be ineffective.

Growing demand for fodder and industrial
crops: Sorghum is a versatile crop with a wide range of
uses. It is a valuable source of protein and energy for
livestock, is used in the production of biofuels (bioetha-
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nol), starch, alcohol, and in the food industry (gluten-free
products). The growing demand for these products in
both domestic and global markets creates significant pro-
spects for expanding sorghum acreage in Ukraine.

Diversification of agricultural production: Over-
reliance on a limited set of agricultural crops makes the
agricultural sector vulnerable to market fluctuations and
climate risks. Including sorghum in crop rotation allows
for diversification of production, reduction of risks, and
increased resilience of agribusiness.

Economic feasibility: Due to its adaptability and
relatively low cost of cultivation compared to some other
crops, sorghum can provide high profitability for agricul-
tural producers. This is especially important in conditions
of fierce competition in the agricultural market.

Use of degraded and low-yielding lands: The
ability of sorghum to grow on less fertile soils opens up
opportunities for the effective use of lands that are poorly
suited for growing other crops, which contributes to the
optimization of land use.

Sorghum cultivation in Ukraine remains at a rel-
atively low level compared to other agricultural crops
and its potential. The problem lies in the insufficient use
of the potential of sorghum in Ukraine and the lack of a
comprehensive understanding of the factors affecting its
production and integration into the agricultural sector of
the country.

http://grain-feed.ontu.edu.ua
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Literary review

Global warming is one of the key challenges for
modern agriculture, particularly in Ukraine. Its direct
consequence is an increase in the frequency and intensity
of droughts, which significantly affects crop yields. Ac-
cording to [1-5], weather factors can cause crop fluctua-
tions of up to 50%, especially in the southern regions of
the country. An increase in air and soil temperature leads
to a decrease in the yield and quality of grain crops, and
also increases the risk of fires that destroy crops [1-5]. In
addition, a decrease in precipitation negatively affects the
growth and development of plants during their growing
season.

Moisture deficiency is also manifested in a de-
crease in the water level in the soil and surface water
sources, which worsens the yield and quality of products.
A decrease in water resources can also lead to an increase
in the area of salt marshes and other soil problems. Under
these conditions, efficient water use becomes critically
important for grain crops. Researchers [5, 6] point out the
need to implement drip irrigation systems to precisely
control the water supply to plants. In the absence of irri-
gation, effective methods are to conserve water in the soil
through mulching and increasing the content of organic
matter, as well as the selection of drought-resistant crops.

Among the crops that demonstrate high adapta-
bility to arid conditions, sorghum occupies a special
place. It is one of the most drought-resistant crops that
can grow effectively under limited moisture supply. As
noted [1, 3, 5-7], sorghum has a well-developed root sys-
tem that provides plants with moisture even in difficult
conditions. The crop also has a high water-saving poten-
tial, accumulating moisture in leaves and stems.

In addition to drought resistance, sorghum
demonstrates a high level of resistance to diseases and
pests, which minimizes its vulnerability to climate
change and ensures stable yields. Sorghum grain is char-
acterized by high energy value, which makes it attractive
for use in feed production. It is also a promising raw ma-
terial for the production of biofuels (in particular, etha-
nol) and other products [1,5].

Sorghum, occupying the fifth place among cere-
als in terms of global production, was traditionally grown
in Africa. However, recently there has been a growing
interest in this crop in Europe and other parts of the
world. This is due not only to its adaptability, but also to
its unique nutritional properties. Sorghum belongs to the
category of so-called "smart foods" - products that are
not only tasty, but also maximally beneficial for humans.
This cereal is a rich source of vegetable protein, iron,
vitamin B6, niacin, phosphorus, potassium. It is a high-
calorie product, rich in antioxidants, and, importantly,
does not contain gluten, which makes it safe for people
with celiac disease. In addition, sorghum contains a sig-
nificant amount of beneficial dietary fiber.

Sorghum products are ideal for people with dia-
betes, as they contain few soluble sugars (1-5%) and
many free sugars. Sorghum is also known to help fight
some gastrointestinal diseases. For example, in Africa it
is used to treat gallstone disease, stomach ulcers and coli-
tis, and in China — to stop cholera-like diarrhea. Many
countries actively support sorghum cultivation through
subsidy programs, research and development of new va-
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rieties, recognizing its strategic importance for the agri-
cultural sector and economic development [4, §].

Recent scientific studies confirm that food sor-
ghum is a promising crop with high nutritional value,
economic benefits and environmental sustainability. Ex-
perts emphasize that sorghum is a unique product used in
the food industry for the production of cereals and flour,
luxury alcohol, beer, starch (which is superior to corn
and not inferior to potato), as well as sorghum "honey",
rich in fructose, which does not crystallize and can be
consumed by diabetics [5, 8].

In particular, scientists [9] emphasize the need
to increase production and expand the range of gluten-
free bakery products. They are investigating the devel-
opment of technologies for these products using starch,
flour of cereal crops - rice, corn, sorghum, as well as
food additives-structurers. Scientists justify the feasibil-
ity of using flour from Ukrainian-produced grain sor-
ghum in a mixture with corn and potato starch in the
technology of gluten-free bread.

A number of scientists [2, 5-9] also consider the
scientific and practical aspects of growing sorghum in
intensive farming systems in the conditions of southern
Ukraine

Scientists from different countries have studied
the relevance of sorghum production and expanding the
spectrum of its use in various industries [10—17]. They
propose systems of agrotechnical measures aimed at op-
timizing production processes of the crop, improving
product quality, obtaining maximum economic effect and
minimizing anthropogenic pressure on the environment.
Further research on food sorghum is important for ex-
panding knowledge and practical application of this
promising crop for the stability of production in the con-
ditions of global climate change and ensuring world food
security.

Thus, food sorghum is an important crop in
terms of food security, economic benefits, environmental
sustainability and meeting the growing demand for
healthy food.

Formulation of the problem

Despite the obvious advantages of sorghum, in
particular its drought resistance and versatility of use,
this crop is still grown at a relatively low level in
Ukraine, not corresponding to its significant potential.
The main problem is the insufficient use of this potential
and the lack of a comprehensive understanding of the
factors that prevent the full integration of sorghum into
the country's agricultural sector. To reveal all the possi-
bilities of sorghum, systematic research and elimination
of existing barriers are necessary, which will allow its
role in increasing the stability and efficiency of Ukraini-
an agriculture to be fully realized.

Key aspects of the problem can be identified:

Lack of up-to-date data on production volumes:
For effective planning and development of the industry,
accurate and up-to-date data on current sorghum produc-
tion volumes, sown areas, yields and regional distribution
are necessary. Existing data may be fragmented or out-
dated, which complicates an objective assessment of the
situation.
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Lack of clarity of factors limiting production:
There are a number of reasons that prevent the wider
introduction of sorghum in Ukraine. These may include
insufficient awareness of farmers about the benefits of
the crop, lack of proper infrastructure for processing and
marketing, limited access to high-quality seed material,
insufficient scientific and methodological support, as
well as competition with traditional crops. The author
seeks to identify and analyze these limiting factors.

Uncertainty of economic and agrotechnical pro-
spects: It is necessary to conduct a deep analysis of the
economic feasibility of growing sorghum for different
regions of Ukraine, taking into account the specifics of
soil and climatic conditions and market prices. It is also
important to assess optimal agrotechnical practices to
ensure maximum yield and product quality.

Lack of an industry development strategy: In
order for sorghum to take its rightful place in the struc-
ture of agricultural production in Ukraine, a clear indus-
try development strategy is needed, which would include
state support measures, scientific research, expansion of
sales markets and popularization of the crop among agri-
cultural producers. The author seeks to provide substanti-
ated recommendations for the formation of such a strate-
2y.

Export potential assessment: An important as-
pect is the analysis of Ukraine's potential as an exporter
of sorghum and its processed products. Research on
world markets and demand for sorghum will allow us to
identify promising areas for Ukrainian producers.

Thus, the work is aimed at filling information
gaps, comprehensively analyzing the current state and
potential of sorghum production in Ukraine, identifying
key problems and developing scientifically based rec-
ommendations to stimulate the development of this
promising industry. This will make sorghum cultivation
more attractive and effective for Ukrainian farmers, con-
tributing to the sustainable development of the country's
agriculture.

The aim of the work is to carry out a compre-
hensive analysis and assessment of the dynamics of sor-
ghum production on a global scale and in Ukraine to
identify key trends and factors that determine the devel-
opment of this crop in the context of ensuring food, feed
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and energy security.
To achieve this goal, the following research
tasks have been identified:
- analyze world sorghum production volumes
and identify leading producing countries;
- to investigate the dynamics of gross sor-
ghum grain harvests in Ukraine;
- to assess changes in sorghum sown areas in
Ukraine;
- to carry out a comparative analysis of sor-
ghum yields in different regions of Ukraine,
taking into account farm categories.

Results of the study and their discussion

Currently, sorghum is grown on almost all con-
tinents and in many countries of the world. In recent
years, the area sown to sorghum in the world has reached
42.4-43.8 million hectares, and the gross harvest has
fluctuated within 60—65 million tons.

According to research and analysis of the spe-
cialized report World Agriculture Production prepared by
market experts of the United States Department of Agri-
culture last year, significant areas sown to this crop were
in the countries of Africa and Asia (Sudan, India, Nige-
ria, Niger), as well as in the USA and Mexico [18].

The annual area sown to sorghum is almost 50
million hectares. It is grown in more than 85 countries of
the world. Over the past 50 years, the area sown to sor-
ghum in the world has increased by 60%, and grain pro-
duction by 244% [18].

The world area sown to sorghum over the past
decade has undergone noticeable fluctuations, demon-
strating both periods of growth and significant decline.
According to the graph, in 2013 the total area under the
crop was 43,897.9 thousand hectares, and in 2023 it was
39,851.4 thousand hectares, which indicates a total de-
crease of 4,046.5 thousand hectares, or approximately
9.2% (Fig. 1).

The largest area under sorghum was recorded in
2016 — 44934.1 thousand ha, which is the peak value for
the analyzed period. Until then, a gradual increase was
observed: in 2014 — 44661.8 thousand ha, and in 2015
the area decreased slightly to 41892.0 thousand ha, but
reached a maximum the following year. This trend was

41300‘141027’_.3

39912.4
39256.5

39851.4

2022 2023

Fig. 1 — Sorghum sowing areas in the world
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probably due to the growing demand for sorghum as an
alternative drought-resistant crop suitable for cultivation
in adverse climatic conditions, as well as due to the in-
creased use of sorghum for bioenergy purposes. Howev-
er, since 2016, a period of steady reduction in area has
begun, which lasted until 2019. In particular, in 2017, the
area decreased to 41,128.9 thousand hectares, in 2018 —
to 41,101.2 thousand hectares, and in 2019 — to 39,256.5
thousand hectares. This decline could be caused by a
change in market conditions, a decrease in the profitabil-
ity of the crop compared to corn or soybeans, as well as
the impact of climate change.

In 2020-2021, a slight recovery of the area was
observed: in 2020 — 39,912.4 thousand hectares, and in
2021 — 41,300.1 thousand hectares. This could be a re-
sponse to a new wave of interest in sorghum as an energy
and feed crop, in particular in the context of global food
and feed shortages.

However, in the following years, the areas de-
creased again: in 2022 - to 41027.3 thousand hectares,
and in 2023 - to 39851.4 thousand hectares. Such fluctua-
tions indicate the instability of the sorghum market,
which depends on many factors, in particular on state
policy, the economic benefits of growing the crop, cli-
matic conditions and scientific and technical support.

The average yield of sorghum in 2016 in the
world did not exceed 1.50 t/ha and was characterized by
quite high variability in different countries - from 0.37
t/ha in Sudan to 5.72 t/ha in the EU. High yields were
obtained when growing sorghum in Egypt - 5.36 t/ha and
the USA - 4.89 t/ha, as well as in Argentina - 4.50 t/ha.

The trend towards an increase in areas was also
observed in the countries of Eastern Europe. This shows
the growing interest of producers in this crop, whose
resistance to adverse weather conditions is a real ad-
vantage. And this year's sorghum yield confirms this:
with an average of 5.62 t/ha, it is generally increasing,
even if it hides very uneven results.

In Italy, Austria, Hungary and Spain, sorghum
yields increased significantly compared to 2019 and
compared to the average of the last 5 years.

In France, due to a very severe drought, there
was a slight decrease in yields compared to the average
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200
10.0

0.0

2013 2014 2015 2016 2017

2018

of the last 5 years and in 2020 the average yield in this
country was 5.06 t/ha.

The Black Sea basin countries were also hit by
drought this year, which led to a significant decrease in
yields in Ukraine (-27%), Romania (-30%) and Bulgaria
(-8%).

Understanding the dynamics of its global pro-
duction is critical for the analysis of food security, mar-
ket trends and agricultural policy planning.

During the analyzed period (2013-2023), global
sorghum production showed significant fluctuations,
without revealing a clear upward or downward long-term
trend. The average annual production volume for this
period is approximately 61.2 million tons (Fig. 2) (based
on data [18]).

Analyzing the dynamics of global sorghum pro-
duction for the period 2013-2023, one can trace a trend
of a gradual decrease in production volumes after a peak
growth in the middle of the studied period. According to
the data provided, in 2014 the maximum indicator was
reached - 68.3 million tons, which exceeded the level of
2013 (61.9 million tons) by almost 6.4 million tons.

The following years were marked by instability.
This trend coincides with a period of decline in global
sorghum acreage, indicating a direct relationship between
acreage and gross crop yields. In 2018-2019, production
remained relatively stable at 60.1 million tonnes in 2018
and 56.8 million tonnes in 2019, which may indicate
some stabilization of the agricultural sector and weather
conditions in the main sorghum producing countries.

After a moderate increase in 2020 (58.1 million
tons), there was a temporary recovery in production,
which in 2021 reached 60.9 million tons, approaching the
2018 figures. However, in 2022-2023, production de-
creased again - to 57.7 million tons and 57.3 million tons,
respectively, which may be a consequence of a decrease
in sown areas, climate change, as well as a decrease in
the market attractiveness of sorghum in certain regions.

Global sorghum production is characterized by
both geographical diversity and dynamic changes in the
share of individual countries. We have conducted a com-
parative analysis of the main sorghum producers in the
world for 2022 and 2023, based on gross harvest data
(Table 1).

2019

2020 2021 2022

2023

Fig. 2 — Sorghum production in the world
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Table 1 — Major sorghum producers in the world (thousand tons) [18] N
~
St 2023 year, Place 2022 year, Place \c]}?:;gl: Change of E
thsd. ha 2023 p thsd. ha 2022 year (2023-2022) place 8
USA 8071 1 4769 3 +3302 A2 S
Nigeria 6402 2 6806 1 -404 Vv -1 :
Mexico 4815 3 4762 4 53 A+l 8
<
Brazil 4498 4 2930 8 +1568 A +4 g
Ethiopia 4010 5 4140 6 -130 A +1 g
Ethiopia 3814 6 4150 5 1336 vl =
Ethiopia 3055 7 5248 2 -2193 Vs %
China 2966 8 3039 7 -73 Vv -1 §
Australia 2326 9 2648 10 -322 A +1 n0:
(not in the top ;
Burkina Faso 1772 10 -10) - - New member <
Eliminated %
Argentina (not in the top -10) - 2883 9 - from the top =
&
Analysis of key changes in the structure of 6. Mexico and China: Relative stability: These | ®
sorghum production in the world: countries showed little change in production and posi-
1. USA: New Leader (69% increase): In 2023, tions, indicating a relative stability in their contribution
the USA made an impressive jump from 3rd to 1st place, to global sorghum supply.

increasing production from 4,769 thousand tons to 8,071
thousand tons (+3,302 thousand tons). This indicates a
significant expansion of the planted area, favorable agro-
climatic conditions or high demand for sorghum from
processing industries (e.g. for ethanol production or ex-
ports).

2. Nigeria: Declining but stable position: Nige-
ria, which was the leader in 2022 (6,806 thousand tons),
decreased its production to 6,402 thousand tons in 2023,
dropping to 2nd place. This could be due to domestic
factors such as weather conditions or security concerns
affecting agriculture. Despite the decline, Nigeria re-
mains a key global producer.

3. Sudan: Biggest decline and fall: Sudan has
seen the biggest drop in production of any country on
this list, falling from 2nd place (5,248,000 tonnes) in
2022 to 7th place (3,055,000 tonnes) in 2023. This drop
of 2,193,000 tonnes is likely due to political instability
and conflict, which have significantly affected agricul-
tural production in the country.

4. Brazil: Significant growth: Brazil has shown
impressive progress, rising from 8th place in 2022
(2,930,000 tonnes) to 4th place in 2023 (4,498,000
tonnes), increasing production by 1,568,000 tonnes. This
may indicate an expansion of sorghum as a second crop
after soybeans or corn, as well as favorable weather con-
ditions.

5. India and Ethiopia: Small declines: Both
countries showed a small decline in production in 2023
compared to 2022, but maintained their positions among
the top producers, confirming their importance in global
sorghum production.

15

7. Australia and Burkina Faso/Argentina:

Changes at the bottom of the top 10: Australia slightly [ ]

decreased production, but rose one position. Argentina
dropped out of the top 10 in 2023, while Burkina Faso
entered the list, ranked 10th with a production of
1,772,000 tonnes. This indicates the variability in sor-
ghum production in regions with more weather-sensitive
agricultural systems.

Next, we analyzed sorghum production in
Ukraine (Fig. 3) [19]. Climate change is the most im-
portant problem of today. Climate change in Ukrainian
agriculture is caused, first of all, by global warming, a
direct consequence of which is drought, which negatively
affects the yield of agricultural crops, because due to
weather factors, crop growth can fluctuate up to 50%,
especially in the southern zone of our country. Therefore,
the main task of farmers is to improve the known ele-
ments of the technology of growing field crops and de-
velop new measures to ensure the stability of the industry
and reduce its dependence on climatic factors. Global
warming can have a serious impact on the cultivation of
grain crops. In particular, an increase in air and soil tem-
perature can lead to a decrease in the yield and quality of
cultivated crops. High temperatures can cause fires that
destroy fields and crops. In addition, global warming
may lead to a decrease in precipitation, which will nega-
tively affect the growth and development of plants during
their growing season. It should also be noted that global
warming may lead to a decrease in water levels in the
soil and surface water sources, which may reduce the
yield and quality of crops grown. The decrease in water
levels may also lead to an increase in the area of salt
marshes and other soil problems.

http://grain-feed.ontu.edu.ua
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Fig. 3 — Sorghum sown areas in Ukraine 2016-2024

The analysis of the sown area of sorghum in
Ukraine in 2016-2024 was conducted:

Period of stabilization and reduction (2016-
2021). After peak values of sown areas in 2016 (70.2
thousand ha) and 2017 (72.7 thousand ha), there was a
significant reduction in 2018 to 42.4 thousand ha. During
2019-2021, the sown areas remained relatively stable,
fluctuating in the range of 42.0-48.7 thousand ha. This
may indicate a certain balance of market demand and
supply, or competition with other grain crops.

Period of full-scale invasion (2022-2024). Cata-
strophic decline: 2022 saw a sharp, unprecedented reduc-
tion in sorghum acreage to 15.7 thousand hectares, a di-
rect result of the Russian Federation’s full-scale invasion
of Ukraine. This decline is about 62.6% compared to
2021.

Continuation of decline: In 2023, the acreage
continued to decline, reaching an absolute minimum for
the entire analyzed period of 13.9 thousand hectares.

Minor recovery: In 2024, there was a trend to-
wards a very slow recovery, with an area of 18.0 thou-
sand hectares. However, this figure is still extremely low
compared to the pre-war years. This reflects the ongoing
impact of military operations on the agricultural sector,
including the occupation of territories, mining of fields,
logistical problems, and resource shortages.

The dominant role of enterprises. Throughout
the analyzed period (2016-2024), enterprises are the main
subject of sorghum cultivation in Ukraine, occupying the
lion's share of the sown area.

In 2017, enterprises occupied 61.6 thousand
hectares, while households - only 11.1 thousand hectares.
In 2021, enterprises allocated 31.7 thousand hectares for
sorghum (75.5% of the total area), and households - 10.3
thousand hectares (24.5%). This trend persists even in
war conditions: in 2023, out of the total 13.9 thousand
hectares, enterprises accounted for 10.5 thousand hec-

16

tares (75.5%), and households - 3.4 thousand hectares
(24.5%). This indicates that large-scale sorghum produc-
tion is concentrated precisely in agricultural enterprises.

Dynamics of areas in households: Sorghum
sown areas in households also show a tendency to de-
crease. From 13.8 thousand ha in 2016, they gradually
decreased to 9.9 thousand ha in 2019, then increased
slightly to 10.3 thousand ha in 2021. However, after
2022 they also decreased sharply (to 3.8 thousand ha in
2022 and 3.4 thousand ha in 2023), although their rela-
tive contribution to the total area remains stable.

Yield is a key indicator of agricultural produc-
tion efficiency, reflecting not only climatic soil condi-
tions, but also the level of agricultural technologies, ac-
cess to resources, the degree of mechanization and the
quality of management. Based on the presented diagram,
an analysis of sorghum yield in three categories of farms
was conducted: all categories, agricultural enterprises
and households.

Sorghum yield in Ukraine in 2016-2024 experi-
enced noticeable fluctuations (Fig. 4). The highest indi-
cators were recorded in 2018-2019, while 2020 and 2022
are marked by the worst results.

The highest average yield in farms of all catego-
ries was observed in 2018 - 46.3 c/ha, and the lowest - in
2020 - 22.4 c/ha.

Agricultural enterprises. This category consist-
ently demonstrates the highest yield throughout the peri-
od. The maximum was reached in 2018 - 52.6 c/ha,
which indicates a high level of technology and manage-
ment. In 2020, the yield decreased to 23.6 c/ha, but re-
mained higher than that of the population.

In 2023-2024, the yield in enterprises gradually
increased to 35.3 c/ha in 2023 and 27.7 c/ha in 2024,
which may indicate partial adaptation to the challenges of
recent years.
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Households. The yield in this category is con-
sistently the lowest. The highest indicator was 29.9 c/ha
in 2016, after which the indicators fluctuated within
16.9-29.9 c/ha. In 2024, the yield decreased to 16.9 c/ha,
which is 10-12 c/ha lower than in enterprises. This indi-
cates limited access to quality seeds, fertilizers, technol-
ogy, and knowledge.

So, 2016-2018: a period of relative stability and
high yields, peaking in 2018. 2019-2020: a gradual de-
cline in performance, especially sharp in 2020, possibly
due to adverse weather conditions or the economic crisis.
2021-2024: recovery of productivity in 2021, but a fur-
ther decline in 2022, and partial stabilization in 2023—
2024.

Next, we analyzed the volume of sorghum pro-
duction in Ukraine in 2016-2024 (Fig. 5). In 2016,
273.71 thousand tons of sorghum were produced in
Ukraine, which was the highest figure for the period un-
der study. However, in 2017, the volume decreased
sharply to 198.5 thousand tons, which is 27.4% less. This
trend towards a decrease in total production continued,
especially since 2020. The lowest level of production
was recorded in 2022 - only 40.31 thousand tons, which
is almost 7 times less than in 2016. A moderate recovery
was observed in 2023-2024: production increased to
42.37 thousand tons in 2023 and 46.47 thousand tons in
2024, however, these volumes still remain significantly
lower than the levels of 2016-2019.
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Enterprises are the main producer of sorghum.
Throughout the entire period, agricultural enterprises
remained the main producers of sorghum. In 2016, they
accounted for 232.71 thousand tons or more than 85% of
the total. In 2022, they provided 32.25 thousand tons,
which is 80% of the total. In 2024, this sector produced
40.84 thousand tons - that is, it retains a dominant role in
the production structure. This is explained by the pres-
ence of powerful equipment, better seeds, irrigation sys-
tems, agricultural support and logistics at enterprises.
Sorghum production in households remains relatively
insignificant: In 2016, they produced 41 thousand tons
(15%). In 2022 - 8.06 thousand tons. In 2024 - 5.63 thou-
sand tons, which is less than 13% of the total.

Despite the general downward trend, the share
of the population remains stable, although the rate of
decline there was even slower than that of enterprises.

A comparative analysis of the leading regions
was conducted, regions with significant changes in pro-
duction were identified, and general trends in redistribu-
tion were analyzed (Fig. 6).

In 2021, before the full-scale invasion, sorghum
production volumes in Ukraine were significantly higher
(173.16 thousand tons according to the previous analy-
sis), and their distribution was characterized by the fol-
lowing key regions. The largest sorghum producers were
Donetsk region (13.37%), Odesa region (11.74%): Kiro-
vohrad region (13.27%): It was also one of the leaders,
Mykolaiv region (10.02%): It had a significant contribu-
tion to production. Kyiv region (10.53%): It was among
the five leading regions. In 2021, production was rela-
tively evenly distributed among several large producers
in the South, East and Center of Ukraine.

In 2024, sorghum production in Ukraine de-
creased sharply (to 46.47 thousand tons according to the
preliminary analysis), which significantly affected the
regional distribution. Odesa region (12.27%) became the
largest sorghum producer in 2024. Although its percent-
age share increased, absolute production volumes de-
creased significantly compared to 2021. Kirovohrad re-
gion (8.35%) maintained a significant share, but its abso-
lute volumes also decreased. Kyiv region (6.79%): Main-
tains its position among the leaders, although its share
decreased. Mykolaiv region's share (6.11%) and absolute
volumes decreased, but it remains in the leaders. Cher-
kasy region's relative share (3.34%) also decreased.

It is worth noting that some regions that were
significant producers in 2021 (for example, Donetsk,
Kherson, Luhansk), judging by the data provided in the
2024 diagram, either do not produce sorghum at all (are
absent from the diagram), or their contribution has be-
come insignificant and is not reflected. This is due to the
occupation of territories, hostilities and mining.

The full-scale invasion has radically changed the
geographical landscape of sorghum production in
Ukraine. The regions that were among the leaders in
2021 (Donetsk, Kherson, Luhansk), due to active hostili-
ties and the occupation of significant territories, have
practically fallen out of the list of significant sorghum
producers. Leadership has passed to regions that, alt-
hough affected by the war, have retained more agricul-
tural potential and relative security. Odesa, Kirovohrad
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and Kyiv regions have become the main centers of sor-
ghum production in 2024.

While the percentage shares of some regions
(e.g. Odessa) may have increased or remained stable, it is
important to remember that overall sorghum production
in Ukraine has declined sharply. So, even the "leaders"
are producing significantly less sorghum in absolute
terms in 2024 than in 2021.
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Fig. 6 — Regional distribution of sorghum
production in 2021 and 2024

Some traditional sorghum-growing regions that
are close to the front line or have been occupied (for ex-
ample, Zaporizhia Oblast, which in 2021 had 0.84%, and
probably Donetsk, Kherson, and Luhansk Oblasts, which
were significant producers), have either ceased produc-
tion or their volumes have become insignificant.

18

\Zaporizhzhya
0.80%



Grain Products and Mixed Fodder’s, Vol.25, 1.3 (99) / 2025

:

Conclusion

The conducted study of sorghum production
volumes and prospects for its cultivation in Ukraine and
the world provides grounds for the following conclu-
sions:

Global challenges and relevance of sorghum.
Modern agriculture faces significant challenges, such as
climate change, population growth and resource con-
straints, which requires the search for new adapted crops.
Sorghum, due to its high drought resistance, efficient use
of moisture and versatility of use (feed base, biofuel,
food industry), stands out as one of the most promising
crops for ensuring food, feed and energy security.

The untapped potential of sorghum in Ukraine.
Despite the obvious advantages, sorghum cultivation in
Ukraine remains at a relatively low level compared to its
potential. The main problem lies in the insufficient use of
this potential and the lack of a comprehensive under-
standing of the factors that prevent the full integration of
sorghum into the country's agricultural sector. These fac-
tors include fragmented and outdated production data,
poor farmer awareness, lack of adequate infrastructure,
limited access to quality seeds, and insufficient scientific
and methodological support.

Dynamics of global sorghum production. Global
sorghum acreage has fluctuated, peaking in 2016
(44,934.1 thousand ha), but has declined overall by 9.2%
to 2023 (39,851.4 thousand ha). Global sorghum produc-
tion has also fluctuated significantly, with no clear long-
term trend, with an average annual production of around
61.2 million tonnes over 2013-2023. The United States
emerged as the new leader in 2023, increasing production
by 69%, while Sudan experienced the largest decline,
likely due to political instability.

Status of sorghum production in Ukraine:

Dynamics of sown areas: In Ukraine, sorghum
sown areas decreased significantly after 2017 (72.7 thou-
sand ha), and with the beginning of the full-scale inva-
sion in 2022, there was a sharp drop to 15.7 thousand ha,
reaching a minimum in 2023 (13.9 thousand ha). Despite

a slight recovery in 2024 (18.0 thousand ha), the indica-
tors remain extremely low, reflecting the ongoing impact
of military operations.

Main producers: Throughout the analyzed peri-
od, agricultural enterprises remain the main producers of
sorghum in Ukraine, occupying the lion's share of sown
areas (about 75-85%) and production volumes.

Yield: The highest average yield across all farm
categories was observed in 2018 (46.3 c/ha), and the
lowest in 2020 (22.4 c/ha). Agricultural enterprises con-
sistently demonstrate higher yields compared to house-
hold farms, indicating better access to technology and
resources.

Production volumes: In 2016, 273.71 thousand
tons of sorghum were produced in Ukraine, which is the
highest figure for the period under review. However,
since 2017, there has been a downward trend, with the
lowest level in 2022 (40.31 thousand tons).

Regional distribution: By 2022, sorghum pro-
duction was relatively evenly distributed between several
large regions of the South, East, and Center of Ukraine,
including Donetsk, Kirovohrad, Odesa, Mykolaiv, and
Kyiv regions. However, the full-scale invasion radically
changed the geographical landscape, and the regions that
were among the leaders (Donetsk, Kherson, Luhansk)
practically fell out of the list of significant producers due
to hostilities and occupation. Leadership passed to Odes-
sa, Kirovohrad and Kyiv regions, although the total vol-
ume of production in absolute terms decreased sharply.

To reveal the potential of sorghum in Ukraine,
systematic research and removal of existing barriers are
necessary. Important areas are: identification and analy-
sis of limiting factors, assessment of economic and agro-
technical prospects, development of a strategy for the
development of the industry with state support and scien-
tific research, as well as analysis of Ukraine's export po-
tential. Further research is key to expanding knowledge
and practical application of this promising crop for the
stability of production in the face of global climate
change and ensuring world food security.
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Kagpedopa mexnonocii 3epna i kombikopmis

Ooecvkutl HayioHanvHull mexuonoiunull ynigepcumem, yn. Kanamna, 112, Odeca, 65039, Yxpaina

KOMILUIEKCHUM AHAJII3 BUPOBHUIITBA COPT'O B YKPAIHI TA CBITI

Anomauin

YV cyuacnomy ceimi, wo cmuxacmpcsi 3 UKIUKAMU NPOO0BOILYOT be3neku ma HeobXiOHocmi adanmayii CiibCbKo20Cnooap-
CbKO20 6UPOOHUYMBA 00 3MIH KIiMAmMy, cOpe0 NOCMAE 5IK 0OHA 3 HAUOIIbW NEPCReKMUGHUX KYAbMYp. 3a805KU GUHAMKOBIU NOCYXO-
cmitikocmi, Hegubaznugocmi 00 IPYHMOBUX YMO8 Ma eheKMUBHOMY 80OOCNOACUBAHHIO, COP20 3a0e3nedye cmabiibHi 8podcai Hagims
Y pezionax 3 HecnpusmMAUSUM KTiMAMOM, 0e mpaduyiiini Kyibmypu, maxi ax KyKypyosa, € manoepexmuenumu. Hozo yuisepcans-
HICTb OXONJIOE WUPOKULL CHEKIND SUKOPUCTNANHA. 810 YIHHO20 0dcepena Oinka ma enepeii 0nid meapuHHuymea 00 eupoOHuymea 6io-
nanuea, Kpoxmanio, Chupmy ma 6e321omenosux npodykmis 0ns xap4o6oi npomuciosocmi. Copeo maxodxc eusHaue sk "smart food"
3A608KU GUCOKIU NOJICUGHIN YIHHOCMI (0Jicepeno pocIunHo20 OLIKa, 3aniza, eimaminié epynu B, anmuoxcudanmis), siocymnocmi
2nomeny ma NOMEHYIUHUM JIKYBATbHUM GIACMUBOCMAM, 30KpeMa Npu yykpogomy oiabemi ma 3aX60PIOGANHSX WIIYHKOBO-
Kuwikoeoeo mpaxmy. Hesgaocaiouu na enobanvue spocmanns inmepecy 00 copeo ma 1020 no3uyii sik n'amoi 3a obcsieamu 6upobHu-
ymea 3epHosol Kyiemypu y ceimi , 8 YKpaini 1020 Upouy8antsi 3a1ulacmovcsi Ha 6i0HOCHO HU3bKOMY pieni. IIpobnema nonseac y
He00CMamHbOMy BUKOPUCMAHHI ROMEHYIANY COP20 4epe3 HUZKY 0OMENCYIoUUX axmopie, makux sk gpasmenmosati abo 3acmapini
O0aHi npo 8UPOOHUYME0, HeOOCMAmHs NOIHGOPMOBaHicmb azpapiis, 8i0CYmMHICIb HALEHCHOI IHpacmpykmypu 018 nepepooxu ma
30ymy, obmedrceHull 00Cmyn 00 AKICHO20 HACTHHEBO20 MAMEPIATY, A MAKOMC BNIUE NOBHOMACUIINAOHO20 8MOPeHEHHs pgh, W0 Npu36ie
00 pizkoeo ckopouenns nocienux naow y 2022-2023 poxax. Y cmammi npogooumvcsa KOMIIEKCHUL aHai3 c8imosoi ma YKpaiHcovkoi
OUHAMIKU 8UPOOHUYMBA COP20, BUCBIMIIOIIMBCSA OCHOBHI MEHOeHYll, maKi K KOMUBAHHS NOCIGHUX niow (3meHuiteHHs Ha 9,2% y
ceimi 3a 2013-2023 pp.) ma eanogux 300pis, a maxodic peionaivbhi eiominnocmi 6 ypodcatinocmi. Ocobnuea yeaza npuoiisncmovcs
GNAUBY KNIMAMUYHUX 3MIH MA HACTIOKAM BIiCbKOSUX Oill Ha azpaphuil cekmop Ykpainu. JJocriodcenns ioenmu@ikye Kuo4osi exo-
HOMIYHI Mma azpomexHiuHi nepcnekmugy copeo, Heobxionicmv opmyeanns cmpamezii po36UmKy 2anysi ma OyiHKy eKCnOpmHO20
nomenyiany Yxpainu. 3anpononosani Haykoso oOIpyHmoseami pexomenoayii cnpsmMo8ani Ha CMUMYII08ANHS PO3GUMKY YIET KyIbmypu
01 ni0GUWEHHS NPOOOBOILYOT, KOPMOBOI Ma eHepeemUyHOi be3nexu Kpainu, Cnpusoyu Cmaiomy po3sumkKy CilbCbKO20 20Cnodapc-

mea.

Kniouogi cnosa: 3epno copeo, ypooicaiinicme, nocisHi niowji, oocseu upooHUYmaa, OCHOBHI UPOOHUKLL.
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