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Climate change towards global warming is directing modern agricultural activities towards
the selection of drought-resistant crops that would solve the food problem. One of these crops is
millet — a leading cereal crop valued for its high nutritional qualities and export volumes, making
our country one of the top exporters. Millet is widely used to meet food needs, in the confectionery
industry, and for medicinal purposes. It plays an important role in feed and agrotechnical
significance. The largest millet cultivation areas are concentrated in Africa and Asia — 62.7%
and 35.2% of the total global area allocated to this crop. In Ukraine, there has been a significant
reduction in millet cultivation areas, but our country'’s share in the total cultivation areas of
this crop in Europe is quite significant — 16.4-30.1%. World millet production is characterized
by fairly high stability without sharp fluctuations over the years — 27.672—32.803 million tons
from 2000 to 2022. The largest millet producers in the world are India, China, and Nigeria.
Combined, these three countries harvested 126.039 million tons during the period 2015-2022,
accounting for 53% of global production. In Ukraine, the highest millet production volumes
were recorded in 2000 — 426.1 thousand tons, after which there was a significant reduction with
minimal values in 2017-2018 — 80.5—84.4 thousand tons. Despite this, Ukraine is among the
largest millet producers in Europe. The trend in the pre-war years shows that about a third of
the total millet production in Europe was concentrated in Ukraine. The average millet yield
in our country, starting from 2019, exceeds the yield levels obtained in various regions of the
world, including average global indicators. A comparative analysis with leading production
countries confirms that millet yield in Ukraine is significantly higher than in India and Nigeria
but significantly lower than in China. Therefore, the relevance of improving millet cultivation
technology in Ukraine becomes increasingly evident, and its resolution will increase yield levels,
improve product quality, reduce production costs, and strengthen Ukraine’s position in the
international agricultural market.
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Cuosnkina O.B., Ieanie M.O. Ilpoco: cyuacni mpenou ma nepcnekmueu eupooOHUYmMea

3minu knimamy y 6ix 2100a1bHO20 NOMENTIHHA CHPAMOBYIOMb CYHACHY A2POBUPOOHUYY Oisillb-
HiCMb HA 000IP NOCYXOCMITIKUX KYIbMYp, Ki 6 eupiutysaiu npodosoavyy npoonemy. o maxux
KYIomyp 8iOHOCUMbCA NPOCO — NPOGIOHA KPYN AHA KYIbmypd, AKY YIHYIOMb 3a GUCOKI XAPU08i
AKoCcmi i 3a 0OcA2amu ekchopmy sAKoI Hawla Kpaina 6xo0ums 6 mon aioepig-excnopmepis. Ilpoco
WUPOKO BUKOPUCTIOBYIOMb OISl 3A0060LEHHSL NPOOOBOILUUX NOMPED, Y KOHOUMEPCHKIU NPOMUC-
J060CMI Ma 8 NIKY8ANbHUX YinsAx. Bono eidiepac éaxcnuee kopmose ma azpomexHiune 3HA4eHHA.
Haubinvwi nocieni niowi npoca 3ocepedaiceno 6 Appuyi ma Azii — 62,7 i 35,2% 6i0 3aeanvhux
C8IMosuUx niouwy, 8ioeederux nio yro Kynemypy. B Ykpaini cnocmepicacmvca cymmese ckopouernms
NOCIBHUX NIIOW N0 NPOCO, NPOMe YACMKA HAWOI KpAiHU 6 3a2anbHUX NI0WAX NOCIi6 Yici Kyib-
mypu 6 €eponi € docums eazomoro — 16,4-30,1%. Ceimoge gupobHuymeo npoca 6i03Ha4acmovcs
0oCcUmb BUCOKOI CMAOBINbHICMIO Oe3 PI3KUX KoAusaus 3a poxamu — 27,672—32,803 man mouu 3a
2000-2022 pp. Hatibinbwumu supobruxamu npoca y ceimi € Inois, Kumaii ma Hizepisn. Cymapno
6 Yux mpvox Kpainax 3a nepioo 2015-2022 pp. siopano 126,039 miH MOHH, WO CMAHOBUMb
53% 6i0 ceimogoco supobuuymea. B Vkpaini maxcumanvui obcseu eupobnuymea npoca ciio
siozHauumu y 2000 p. — 426,1 muc. mouH, nicis 4oeo 6i00YI0Cs iX Cymmege CKOPOUEHHs 3 MiHi-
manoHumu sHavennamu y 2017-2018 pp. — 80.5—84.4 muc. monn. Hessadwcarouu na ye, Ykpaina
6X00UMb 00 Kpain — HaAtOIbUx 8UpPoOHUKIE npoca 6 €eponi. 3a meHOeHYieI0 00BOEHHUX POKIE
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OIU3bKO MpemunU 3a2anbHO20 UPoOHUYMEa npoca 6 €eponi 010 30cepeddicero came 8 Yxpaii.
Cepeonsi gpodcatinicms npoca 6 Hawii Kpaini, nouunaioyu 3 2019 p., nepesuwyye pisens ypodrcaii-
HOCMI, AKULL 00EPIHCYIOMb 8 PISHUX PE2IOHAX C8INY, ¥ MOMY YUCTI CepeOHbOCBIMOB NOKAZHUKU.
TopisHaneHuil ananiz 3 Kpainamu — nidepamu 3a 6UPOOHUYMBOM 3ACEIOUYE, WO BPONHCALIHICID
npoca 8 Ykpaini € 3nauno euwyoio, Hiowe 6 Inoii ma Hieepii, ane cymmeso nocmynaemvcs Kumaio.
Tomy akmyanvHicme npooremu 600CKOHAIEHHS MEeXHON02I] 6Upowysants npoca 6 Ykpaini cmae
6ce OibUL 04eBUOHOI0, A iT BUPIULEeHHS 00380UMb 30LILUUMU PDIBEHD YPOXICAUHOCTI, NOKPAUUMU
AKicmb NPOOYKYiLl, 3MEHWUMU SUMpamu Ha eUpoOHUYME0 ma nocurumu nosuyii Ykpainu na
MIHCHAPOOHOMY PUHKY AepapHOi npooyKyii.

Knrouoei cnosa: npoco, nuonsine 60poutno, 06caeu eupodHuYmea, naowji nocieig, ypoica-
Hicmb.

Problem statement. Climate change towards global warming significantly affects
the production of agricultural crops. A pressing issue today is the focus of the agri-
cultural sector on increasing the production of crops, taking into account the climate
changes that are occurring. Modern agricultural activities should be focused primarily
on selecting drought-resistant crops, especially those that would address the food prob-
lem associated with food shortages and insufficient caloric content. One such crop is
millet [1].

In arid regions of Africa and Asia, millet is a staple food for the population, as the
limited rainfall and low soil fertility make it impossible to grow other food crops there.
Millet is used to prepare various high-energy dishes rich in proteins, carbohydrates,
fats, minerals, vitamins, and bioactive compounds, which is particularly important in
countries with limited access to other products [2, 3].

In Ukraine, millet is a leading cereal crop valued for its high nutritional quality and
export volumes, making our country one of the top exporters. Due to global climate
changes and an increase in the number of dry years, interest in millet as a drought-re-
sistant crop has been growing in recent years. The position of this cereal crop in the
international agricultural market has also significantly strengthened, as noted by experts
from many countries worldwide [4—6]. Therefore, research on the beneficial properties,
current state, and prospects of millet cultivation is a relevant issue today.

Analysis of recent research and publications. Firstly, millet is valued for its high
nutritional quality. On average, it contains 12% protein, 81% starch, 3.5% fat, 1-2%
fiber, plenty of ash and trace elements, as well as vitamins B,, B,, B,, B,, C, PP, and
other physiologically active substances. In terms of protein content, millet cereal rivals
semolina and cornmeal. It surpasses barley, buckwheat, and rice cereals in fat content
and only lags behind oatmeal in protein content. Another advantage of millet cereal is
its quick preparation — boiling for 25-30 minutes is sufficient [7, §].

In the confectionery industry, millet flour is widely used — a valuable dietary prod-
uct that does not contain gluten and is used to produce pasta, various types of cookies,
pancakes, and puddings, as well as an additive in baking bakery products. Millet whole
grain flour with high fiber and protein content, balanced in essential amino acids, is
highly valued in the confectionery industry. Products made from this flour do not con-
tain gluten, have a golden color, oily texture, and high taste qualities [9, 10].

Consumption of products made from millet flour is beneficial from a therapeutic
point of view. Positive effects have been found in the treatment of diabetes, cancer,
and cardiovascular diseases [6]. Consuming millet naturally improves human health
(Figure 1) [11].

Millet plays an important feed role. Its grain and porridge are indispensable feed
for chickens. Feeding adult chickens with millet increases their egg production and
strengthens eggshells. Millet flour mixed with potatoes or any food waste is an excellent
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feed for geese and pigs. Residues from millet processing contain a significant amount of
protein and fat and are also valuable concentrated animal feed. Bran remaining during
millet production is used to make compound feeds [12].

benefits for heart health; lowenng blood pressure, cholesterol levels,
risks of stroke, atherosclerosis, and heart attacks; vasodilatory
properties; protection of blood vessels from pathological changes.

CIRCULATORY
SYSTEM

FNDOCRINF promoting the production of enzymes involved in insulin synthesis
SYSTEM

and glucose absorption: normalization of metabolism; reduction
of fat formation,

DIGESTIVE improving stomach function, intestinal health; preventing gallstone
SYSTEM formation,

strengthening bones and teeth (due to calcium); providing muscle
elasticity (due to copper).

Fig. 1. Medicinal properties of millet

When harvesting millet for grain, well leafy straw of a greenish hue with a pleasant
smell remains, which is a valuable coarse feed and contains more nutrients than the
straw of other crops. 100 kg of millet straw is equivalent to 50 feed units, and 100 kg of
millet chaff — to 42 feed units [13].

Millet is grown for green fodder because in its green state, it is well consumed by
cattle and sheep. The green mass of millet in terms of feed value exceeds the green mass
of maize, sorghum, mogar, and sudan grass. 1 kg of millet green mass contains about
3.5% crude protein, 0.7-1.5% crude fat, 2.1% ash, 4.8-6.9% fiber, 40—60 mg of caro-
tene, 0.2—0.4 feed units, and 17-25 g of digestible protein [7].

As an early ripening crop, millet has important agronomic significance, in particu-
lar, its use as an insurance crop in the event of the death of winter crops, as well as for
intercropping and post-harvest sowing for green fodder and as a cover crop for perennial
grasses [14].

Significant prospects for increasing millet cultivation areas are revealed in connec-
tion with global climate warming, and in Ukraine also due to the disruption of the tradi-
tional production cycle due to military actions. Millet is capable of germinating at high
temperatures and limited soil moisture, effectively utilizing low rainfall and producing
high yields with high quality indicators [15], determining the relevance of the conducted
research.

Problem statement. The scientific research involved analyzing the current state
of millet production in Ukraine, various regions of the world, and leading production
countries, as well as identifying prospects for the development of the cereal crop indus-
try. The following methods were used for scientific research: comparative-analytical —
to identify patterns of the characteristics under study based on collected statistical data;
graphical method — using graphic illustrations to visualize research results and visually
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identify certain patterns; abstract-logical method — for formulating theoretical gener-
alizations, theories and hypotheses, conclusions, and practical recommendations. The
information base of the scientific research included statistical data from the FAOSTAT
database (Food and Agriculture Organization of the United Nations), scientific informa-
tion from literary sources, results of own analytical research, and conducted calculations.

Presentation of the main material of the research. Millet is cultivated in 93 coun-
tries worldwide, with cultivation areas exceeding 1 million hectares annually in 7 of
them [2]. The largest cultivation areas for this cereal crop are concentrated in Africa and
Asia (Table 1) [16].

Table 1
Dynamics of areas under millet crops by regions of the world
Regions of the world
Asia America Africa Europe Oceania
World
= = = = = crop area,
EE gggggg E§ “S? EE %;%EE as? hectares
= e 5 <le5 = |25 =le5 =le 5
2000 | 15.539 | 41.9 | 0.181| 0.5 | 19.594 | 52.8 | 1.764 | 4.8 |0.039| 0.1 37.117
2005 | 14.287 | 40.2 | 0.218 | 0.6 | 20.469 | 57.6 | 0.568 | 1.6 |0.025| 0.1 35.567
2010 | 13.941 | 38.7 | 0.154| 0.4 | 21.570 | 59.9 | 0.310| 0.9 |0.034| 0.1 36.009
2015|11.194 | 37.6 | 0.171| 0.6 | 17.757 | 59.6 | 0.615| 2.1 |0.036| 0.1 29.773
2016 | 10.626 | 33.7 | 0.172| 0.5 | 20.140 | 63.8 | 0.576| 1.8 |0.035| 0.1 31.549
2017 [ 11.167 | 35.7 [ 0.166 | 0.5 | 19.596 | 62.6 [ 0.343| 1.1 [0.036| 0.1 31.308
2018 [ 11.144 | 344 [ 0.160| 0.5 | 20.819 | 64.2 [ 0.254| 0.8 [0.036| 0.1 32.413
2019 (10.580| 34.7 [ 0.190| 0.6 | 19.242 | 63.1 [ 0.457| 1.5 [0.037| 0.1 30.506
2020 (10.973| 34.6 [ 0.210| 0.7 | 20.000 | 63.0 [ 0.529 | 1.7 [0.036| 0.1 31.748
2021 | 11.093 | 36.8 [ 0.275| 0.9 | 18363 | 60.9 [ 0.366| 1.2 [0.035| 0.1 30.132
2022 (10.312| 345 [ 0.211 | 0.7 | 19.039 | 63.8 [ 0.258 | 0.9 [0.035| 0.1 29.855

Source: FAOSTAT, 2023

On average for the period 2015-2022, Africa accounted for 62.7%, Asia for 35.2%
of global millet cultivation areas (Figure 2). The smallest cultivation areas for millet
were allocated in Oceania — only 0.1% of global indicators. European countries rank
third in terms of cultivation areas for millet among regions worldwide.

The areas of millet crops in Ukraine vary greatly depending on the year of culti-
vation, but compared to 2000, they tend to decrease significantly, as Figure 3 vividly
demonstrates. If in 2000, millet was sown on 366.5 thousand hectares in Ukraine, then
starting from 2005, this indicator did not exceed 159.1 thousand hectares. The minimum
areas under millet in our country were allocated in 2018 and 2022 — 54.8 and 49.1 thou-
sand hectares.

Despite the significant reduction in millet cultivation areas in recent decades,
Ukraine’s share in the total millet cultivation areas in Europe was quite significant and
ranged from 16.4% in 2017 to 30.1% in 2020 (Figure 4). Globally, this indicator is insig-
nificant with a maximum value in 2000 — 1.0%.
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Oceania —0.1%

Africa—62.7%

America — 0.6%
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Fig. 2. Average share of regions in world millet planting area for 2015-2022
Source: FAOSTAT, 2023

World millet production shows a fairly high stability without sharp fluctuations over
the years — 27.672-32.803 million tons during the study period (Table 2). The largest
volumes of millet production in the world are provided by countries in Asia and Africa.
Thus, during the period 2015-2022, these regions accounted for 50.6% and 46.1%
respectively (Figure 5).

Thousand hectares

400 366.5

350 y =4.6365x2 — 70.088x + 324.67
R2=0.5256

300
250
200
150
100
50
0

49.1

2000 2005 2010 2015 2016 2017 2018 2019 2020 2021 2022

Fig. 3. Dynamics of areas under millet crops in Ukraine
Source: FAOSTAT, 2023

Historically, India, China, and Nigeria are the largest producers of millet in the world
(Table 3). During the period 2015-2022, India produced 92.881 million tons, China —
18.758 million tons, and Nigeria — 14.400 million tons of millet. In total, these three
countries harvested 126.039 million tons, which represents 53%, or more than half of
the total millet production in the world during the study period.
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Fig. 4. Ukraine s share in the total area under millet crops in Europe and the world
Source: FAOSTAT, 2023

Table 2
Dynamics of millet production by regions of the world

Regions of the world .2
Asia America Africa Europe Oceania é ]
2 [=c| 2 [=c| 2 [=c| 2 [=s| 2 [=g| £8
Year| = 15&| S |5E| & |5€| £ |5€| & |5€| 2F
= eS| =g |Bg| = e8| = |28| = | 8| £ E
S |SE| £ |8 £ |38 £ %8| £ |z 2%
T |RE| E|=E| E |=i E |8i| E |s&| 72
2000 | 13.098 | 47.3 | 0.214 | 0.8 |12.717| 46.0 | 1.586| 5.7 |0.057| 0.2 | 27.672
2005| 13.267 | 42.8 | 0.327 | 1.1 [16.703| 53.9 |0.676| 2.2 [0.026| 0.1 | 30.999
2010 15998 | 48.8 | 0.271 | 0.8 |16.139| 49.2 |0.358 | 1.1 |0.037| 0.1 | 32.803
2015| 14.671 | 51.3 | 0326 | 1.1 |12.645| 443 |0.897| 3.1 [0.036| 0.1 | 28.575
2016 | 12.788 | 46.1 | 0.349 | 1.3 |13.607| 49.1 |0.952| 3.4 [0.037| 0.1 | 27.733
2017 | 15.205 | 52.6 | 0343 | 1.2 |12.798| 443 |0.514| 1.8 |0.037| 0.1 | 28.897
2018 | 15.071 | 47.9 | 0.265| 0.8 |15.775| 50.1 |0.319| 1.0 |0.037| 0.1 | 31.467
2019 | 13.717 | 485 | 0381 | 1.3 |13.540| 47.8 |0.629| 2.2 |0.037| 0.1 | 28.304
2020 | 16.367 | 50.6 | 0.223 | 0.7 |15.053| 46.5 | 0.669| 2.1 |0.036| 0.1 | 32.348
2021 16.959 | 57.4 {0359 | 1.2 |11.623| 393 | 0.588| 2.0 |0.037| 0.1 | 29.566
2022 | 15.583 | 50.5 | 0.223 | 0.7 |14.602| 47.3 |0.416| 1.3 |0.036| 0.1 | 30.860

Source: FAOSTAT, 2023
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Fig. 5. Millet production volumes for the period 2015-2022
Source: FAOSTAT, 2023

Table 3
Dynamics of sown areas, yields and production volumes in the countries
that are the largest millet producers in the world

India China Nigeria
= & = & = &
&5 s | S &= = | S &5 = | S
%5 = |2 239 = | %5 = |2
. R3] SR R3] = |3 & 09 = |Z E
Pik - - =] > ) T S @ > ) T O w»
- = S Q= £ - = S @ = =S - = I Q= £
< =S |2E 8 < < | 2= 8 < =S | EE 8
= £ s |BE* = £ 35 |[BE* = £ s |BE*"
N'S o= <) N’S o= <] N'S o= <)
S = - | = o= - | B o= - | =
L= o L= =9 L= =%
s E & E = E

2000 13.012 | 0.77 | 10.078 1.250 1.70 | 2.126 5.814 1.05 | 6.105
2005 12.179 | 0.86 | 10.509 0.850 2.10 | 1.786 4.685 1.53 | 7.168
2010 11.792 | 1.13 | 13.293 0.809 1.95| 1.574 4.364 1.18 | 5.170
2015 9.116 1.28 | 11.630 0.840 2.34 | 1.966 1.743 1.04 | 1.808
2016 8.840 1.16 | 10.280 0.552 2.53 | 1.395 1.738 0.86 | 1.487
2017 9.094 1.27 | 11.557 0.861 2.96 | 2.548 1.800 0.85 | 1.528
2018 9.221 1.26 | 11.633 0.778 3.01 | 2.342 1.734 1.08 | 1.879
2019 8.450 1.21 | 10.236 0.900 |2.56 | 2.300 1.748 1.10 | 1.925
2020 9.005 1.39 | 12.488 0.906 3.10 | 2.807 1.762 1.08 | 1.905
2021 9.256 1.43 | 13.208 0.900 3.00 | 2.700 1.767 1.09 | 1.927
2022 8.488 1.40 | 11.849 0.900 3.00 | 2.700 2.000 0.97 | 1.941
Source: FAOSTAT, 2023

Millet production volumes in Ukraine are significantly lower. The highest volumes
were noted in 2000 — 426.1 thousand tons, after which the production of this valuable
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cereal crop in our country significantly decreased, reaching its minimum values in
2017-2018 — 80.5—84.4 thousand tons (Figure 6).

500
426.1 Thousand tons y=4.5187x2~65.129x + 362.27
y Rz2=0.3035
400
300
200
100 84.4 80.5 90.6
0 i i i

2000 2005 2010 2015 2016 2017 2018 2019 2020 2021 2022

Fig. 6. Dynamics of millet production in Ukraine, thousand tons
Source: FAOSTAT, 2023

Despite such a reduction in millet production volumes, Ukraine is among the larg-
est millet producers in Europe. Its share in European production during the period
2000-2022 ranged from 16.4% in 2017 to 38.3% in 2020, which is about a third (trend
of the pre-war years) of the total millet production in Europe is concentrated in Ukraine.
When analyzing global production of this cereal crop, Ukraine’s share is very small —
0.3-1.5%, with the level of 1.5% noted back in 2000.

This situation of significant reduction in millet cultivation areas and production vol-
umes in Ukraine is likely due to the relatively unstable yield of this crop, which largely
depends on growing conditions and can fluctuate from 0.5 to 2.4 tons per hectare [17].
At the same time, it should be noted that the average yield obtained annually in our
country is at a fairly high level. Starting from 2019, including 2022 (a year of active
hostilities on Ukrainian territory), it exceeded the average yield level of all regions
worldwide, demonstrating Figure 7 vividly. The maximum millet yield in Ukraine was
achieved in 2021 — 2.35 tons per hectare.

Comparative analysis with leading millet-producing countries in the world showed
that millet yield in Ukraine is higher than in India and Nigeria (Figure 8). However,
China significantly surpasses our country in terms of millet yield. Therefore, the rel-
evance of improving millet cultivation technology in Ukraine becomes increasingly
evident in modern conditions. Globalization processes, climate change, and increased
consumer demands for product quality require continuous improvement of agricultural
techniques for growing crops, including millet.
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Ukraine has great potential for cultivating this important cereal crop, but effective
utilization of this potential requires constant improvement of agricultural technologies.
It is important to focus on selecting high-yielding varieties and hybrids, creating optimal
plant nutrition regimes for each soil-climatic zone and soil type within it, considering
available moisture levels, efficient use of modern and safe plant protection measures,
and many other aspects of cultivation that require scientific research and widespread
implementation based on their results [18-22].

Improving millet cultivation technology in Ukraine will lead to increased yields,
improved product quality, reduced cultivation costs, and strengthened competitiveness
in the global agricultural market. Additionally, it will contribute to the stable develop-
ment of Ukraine’s agricultural sector and ensure food security for the population, which
will be particularly important in the post-war period of our country’s recovery.

Conclusions and recommendations. Climate change aimed at global warming
forces modern farmers to increase the areas under drought-resistant crops. Millet is one
such crop — an important cereal crop with high nutritional qualities that can address
food security issues and provide the livestock sector with high-quality feed. Despite the
reduction in millet cultivation areas in Ukraine, the country remains an important player
in the market for this crop in Europe and ranks among the top exporting countries by
volume. The largest millet producers in the world are India, China, and Nigeria. During
the period 20152022, these three countries accounted for 53% of global millet produc-
tion. In Ukraine, due to the decrease in sown areas for millet, production volumes of
this cereal crop have significantly decreased compared to 2000. Nevertheless, prior to
the war, Ukraine accounted for about a third of total millet production in Europe. Start-
ing from 2019, millet yield in our country exceeds global averages and is significantly
higher than in India and Nigeria, although it lags significantly behind China. Therefore,
improving millet cultivation technology in Ukraine is a pressing issue, the resolution of
which will enhance Ukraine’s position in the international agricultural market.
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