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Lentil is an important grain legume crop of food, feed, industrial, and agronomic significance.
The global areas under its cultivation fluctuate from year to year but have a stable tendency to
increase. The largest areas under cultivation are concentrated in Asian and American countries,
while the smallest are in Europe. From 2000 to 2022, there was a significant increase in lentil
cultivation areas in American, Oceanian, and European countries, indicating a strengthening
position of lentils in the international agricultural market. Analysis by individual countries shows
that the largest areas under lentil cultivation are in India and Canada. Up until 2016, India held
the leadership position in this indicator among countries worldwide, but since 2016, Canada
has taken over. From 2000 to 2022, the share of India and Canada in the global lentil cultivation
areas structure ranged from 50% to 66%, with Turkey (5—13%), Australia (2—11%,), and the USA
(2-7%) following. In Ukraine, lentil cultivation areas did not exceed 500 hectares until 2011. In
2012, they increased to 2,100 hectares with subsequent significant fluctuations from 300 hectares
in 2015 to 24,500 hectares in 2018, which had a corresponding impact on the production volumes
of this crop. Global lentil production volumes were 18.44 million tons for the period 2006-2010,
24.44 million tons for 2011-2015, and 32.57 million tons for 2016-2020, indicating a steady
growth trend. This applies to all regions of the world except the African continent, where lentil
production remains stable. The highest production volumes come from Asian countries (47.8%)
and American countries (40.2%,). The lowest lentil production is in European countries, account-
ing for only 2.0% of global production. Analyzing individual countries globally, during the
period of 2000-2022, 78.1% of the world's lentil production comes from five leading countries:
Canada — 34.5%, India — 22.8%, Turkey — 9.0%, Australia — 6.8%, USA — 5.0%. Australia and
Canada achieve the highest lentil yields among the leading countries, while India has the lowest.
Ukraine has a relatively low level of lentil yield, although starting from 2011, it exceeded India in
most years and only lagged behind Australia and Canada in 2021. Expanding cultivation areas
and increasing production volumes of this grain legume crop could be an important step in the
development of agriculture in Ukraine, ensuring a stable supply of this high-protein crop to the
domestic market and strengthening Ukraine's position in the international agricultural market.
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Cuosnkina O.B. Cyuacnuii cman ma nepcneKmugu 6UpOOHUYMEa couesulyi

Couesuysa — eaxciusa 3epHoO0006a KyIbimypa npooosoIbH020, KOPMOBO20, NPOMUCTIOB020 Md
azpomexniunozo 3uadenns. Ceimosi niowi ii nocigie KoIUBarOMuCs 3a POKaMU, aie Maroms CMIitiKy
meHoeHyiro 0o 3pocmanna. Hatlbinewi niowi nocisie 3ocepeddiceni 6 kpainax A3ii ma Amepuxu, Hati-
menwii — 6 €gponi. 3a nepioo 2000-2022 pp. 6iddyrocs ix cymmese 3pocmanist 6 Kpainax Amepuxu,
Okeanii ma €8ponu, wjo nepekoHIUE0 c8iOUUMb NPO NOCUNEHHS NOZUYTLL COYeGUYT HA MIJICHAPOOHOMY
PUHKY azpaproi npooyKyii. Ananiz y pospisi okpemux Kpain ceimy 3aceioyye, wo Hauoibi niowi
nocigie nio coueguyero socepediceri ¢ moii ma Kanaoi. Ipuuomy, 0o 2016 p. nidepcmeo 3a OaHum
NOKA3HUKOM cepeo Kpain ceimy Hanexcano Inoii, a 3 2016 p. — Kanaoi. 3a nepioo 2000-2022 pp.
uacmka moii ma Kanaou y cmpykmypi ceimogux niow nocigie couesuyi cmanosuna 50-66%, na
mpemvomy micyi — Typeuuuna (5—13%,), dani Aecmpanis (2—11%) ma CILIA (2-7%). B Yxpaini nrowi
nocisie couesuyi 0o 2011 p. ne nepesunyysanu 500 ea. ¥ 2012 p. siobynocs ix 36invuenns 0o 2100 ea
3 nOOAnbLULUM Oydice CUTbHUM 8apitosanHsam 3a pokamu — 6i0 300 ea y 2015 p. 0o 24500 2a 'y 2018 p.,
WO BIONOBIOHUM YUHOM NOSHAYUNOCA | HA 00csazax eupobHuymea yiei Kynomypu. Ceimosi oocseu
supobnuymea couesuyi 3a nepiod 20062010 pp. cmanosunu 18,44 man monn, 2011-2015 pp. —
24,44, 20162020 pp. — 32,57 MaH MOHH 3epHa, MOOMO MONCHA BIOSHAYUMU CMIUKY MEHOEHYiIo
00 ix 3pocmanns. Cmocyemuvcs ye 6Cix pecionie cimy, 3a GUKIIOUEHHAM AQPUKAHCHKO20 KOHMU-
HeHmy, Oe BUPOOHUYMBO couesuyi HOCUMb cmanuti xapakmep. Haubinvwi obcseu supobHuymea
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sabesneuyroms Kpainu Azii (47,8%) ma Amepuxu (40,2%,). HatimeHwie couesuyi upoonacmocs 6 Kpa-
inax €sponu — 2,0% 610 c8imosoco supooHuymesa. Akwio nposecmu anaiz 3a OKpeMumu Kpainamu
ceimy, mo 3a nepioo 2000-2022 pp. 78,1% c6imosoco eupobHuymea couesuyi npunaoae Ha 5 kpa-
in-nioepis: Kanaoa — 34,5%, Inois — 22,8%, Typeuuuna — 9,0%, Aecmpanis — 6,8%, CLLA — 5,0%.
Hatleuwyy epooicatinicms couesuyi ceped Kpain-nioepie ooepacyioms ¢ Aecmpanii ma Kanaoi, naii-
Hudrcuy — 6 In0ii. B Yrpaini cnocmepiecaemuvcst docums HU3LKULL PIBeHb YPOHCAUHOCTE cOue8uUli, X0ud,
nouunarouu 3 2011 p., 6in y 6invuiocmi pokie nepesuuyyéas nokaznuxu Inoii, a ¢ 2021 p. —nocmynascs
e Aécmpanii ma Kanaoi. Poswupenns niow nocieie ma 30invuenHs 00cseie upooHuymea yiei
3epHoDODOBOT KYIbNypU MOJICe CIAMU 6aMACTUBUM KPOKOM Y PO3GUMKY CIbCbKO20 20Cn00apcmed
Vipainu, 3a6e3neuumu cmabinvhe nocmauanHs yiei BUCOKOOLIKOBOT KYIbmypu HA 6HYMPILUHIL PUHOK
ma nocunumu no3uyii Ykpainu Ha MiscHapooOHOMY PUHKY a2papHOi npoOyKyii.

Kntouogi cnosa: couesuys, 3epno60606i Kynomypu, oobcaeu supobHUYmaed, niowi nocieis,
ypoorcaiinicme.

Problem statement. The modern agricultural sector is focused on restructuring the
sowing area to cultivate crops that will adapt to global climate changes, particularly
increasing aridity. Agricultural producers are increasingly emphasizing the selection of
drought-resistant crops, which not only address food shortages but also consider geo-
political, economic, and natural factors. Leguminous crops are an important group of
plants capable of addressing food shortages. Among them, lentils hold a special place as
one of the most important leguminous crops in the world [1, 2]. In Ukraine, the area of
lentil cultivation is currently insignificant. However, considering the increasing aridity
due to climate change, water supply issues due to the destruction of the Kakhovska
Hydroelectric Station, high nutritional value, and significant agronomic importance, this
leguminous crop is attracting increasing attention from producers [3, 4]. Therefore, the
analysis of the beneficial properties, current state of production, and the feasibility of
expanding lentil cultivation areas is a relevant issue today.

Analysis of recent research and publications. Lentils contain a large amount of
protein, essential amino acids (Fig. 1), vitamins B, B,, B, B, C, folic acid, and vital
macro- and microelements. One of its valuable characteristics is the presence of up to
50% carbohydrates that do not convert into fats in the human body [5].

Serine [—— 1.19
Proline | 1.08
Glycine | 1.05
Gt amm . aCT e ——.00
Aspartic acid | 2 .86
Alanine | 1.08
Histidine | 0.73
Arginine S 1.99
Valine | 1.28
Tyrosine | 0.69
Phenylalanine | 1.27
Cystine | 0.34
Methionine | 0.22
Lysine | 1.80
Leucine | 1.87
Isoleucine | 1.12
Threonine  |— 0.92 Content (g/100 g)
Tryptophan [ 0.23

Fig. 1. Amino acid composition of raw lentil seeds (source: USDA, 2022)
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Important microelements found in lentils include iron (Fe) and zinc (Zn). Currently,
20% of the world's population suffers from iron deficiency, and 33% suffer from zinc
deficiency. Consuming lentils can fully meet a person's daily needs for these microele-
ments [6].

Due to a significant amount of amino acids, mineral compounds, and vitamins, lentils
have the ability to remove toxins and products of their metabolism from the human body.
Like other leguminous crops, lentils are considered environmentally friendly products
that do not accumulate nitrates, nitrites, and radionuclides. Another advantage of lentils
is the presence of a significant amount of isoflavones in the seeds — plant-derived sub-
stances of the phytoestrogen class, which are characterized by metabolic and anticancer
properties and have important medical significance and practical applications [7, §].

Lentils are used in the preparation of soups, salads, sausages, coffee substitutes,
and certain types of chocolate. Flour made from lentils is added to wheat flour during
the baking of bakery products. Young lentil pods are consumed as vegetables, easily
absorbed by the body, which is especially important for individuals with digestive
issues. Lentils are also a crucial food product for vegetarians who use them as a meat
substitute [9, 10]. With a protein content of up to 35%, lentils surpass other leguminous
crops and meat in protein content [11].

Like all leguminous crops, lentils have significant agronomic importance. Through
symbiosis with nodular bacteria, plants fix nitrogen from the atmosphere, partially pro-
viding themselves with this essential element and contributing to its accumulation in the
soil. Introducing lentils into crop rotations allows for a 30-40% reduction in nitrogen
fertilizer usage and significantly lowers the cost of production [4].

Lentils serve as an excellent precursor in crop rotations, increasing the yield of cereal
crops grown after them by 0.3—0.6 tons per hectare. Due to their short growing period,
lentils are also suitable as a cover crop for fallow land [12].

In addition to their nutritional value, lentils are a valuable source of raw materials for
industrial production. Starch from lentil seeds is widely used in the textile and printing
industries [13].

Ground grain as a valuable concentrated feed, green mass, straw, and lentil husks are
used in the feed industry. The characteristic feature of lentil feeds is high protein con-
tent and digestibility of nutrients [11, 14]. Stems, dried leaves, husks, and screenings of
lentils can also be used as feeds. For example, according to Ahmad N. et al. [13], lentil
screenings contain 50% carbohydrates, 21.4% fiber, 12.2% ash, 10.2% moisture, 4.4%
protein, and 1.8% lipids. The same authors note that in some Middle Eastern countries,
due to low availability of animal feed, lentil screenings are priced equally with the grain
of the crop, and sometimes even higher.

The analysis of practical use of the crop, natural factors related to global climate
warming, water supply issues due to the destruction of the Kakhovska Hydroelectric
Station reveal significant prospects for expanding lentil cultivation areas in Ukraine.
This highlights the relevance of conducting research on this crop and the feasibility of
its wider implementation in production.

Problem statement. The aim of the scientific research was to analyze the current
state of lentil production in Ukraine, various regions of the world, and leading producing
countries. Comparative-analytical, graphical, and abstract-logical methods were used
during the scientific work. The information material for the scientific research consisted
of data from the international FAOSTAT database (Food and Agriculture Organization
of the United Nations), scientific publications by domestic and foreign authors, results
of own analytical studies and calculations.
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Presentation of the main material of the research. Lentils are grown in all regions
of the world. The largest areas of cultivation are concentrated in countries in Asia and
America, while the smallest are in European countries. In Asia, starting from 2000,
the areas allocated for lentil cultivation each year have remained stable at 2.201—
2.895 million hectares (Table 1) [15]. In American countries during the period of
20002008, the arcas under lentil cultivation fluctuated between 0.469—0.987 million
hectares, with a significant increase occurring thereafter, reaching maximum values in
2016 at 2.621 million hectares. The areas under lentil cultivation in European coun-
tries significantly increased from 2016, but prior to this period, they were minimal at
0.037-0.106 million hectares. Significant growth in lentil cultivation areas, especially in
recent years, is also observed in Oceanian countries. The global areas under cultivation
of this leguminous crop vary annually but show a consistent trend towards growth.

On average for the years 2000-2010, Asia accounted for 68.8%, America for 22.5%,
Oceania for 3.8%, Africa for 3.6%, and Europe for 1.3% of the total lentil cultiva-
tion areas worldwide. From 2011 to 2022, the situation changed due to a significant
expansion of lentil cultivation areas in American, Oceanian, and European countries,
as demonstrated vividly in Fig. 2. The average share of Asian countries in the global
lentil cultivation areas decreased from 68.8% to 51.2% over the study periods, although
there was no decrease in cultivation areas in this region. This convincingly indicates the
strengthening position of lentils in the international agricultural produce market.

Table 1
Dynamics of sown areas under lentil by world region (source: FAOSTAT, 2023)
Regions of the world
Asia America Africa Europe Oceania
World
- E < - E < - E < - E < - E < crop area,
Year | 2 8158 | 28|58 28|58 28|58 |28|5E| milion
P O B T I T I O I - I T T O
EStle |l E8lce | E8|le 2| E8|< | =S |< = | hectares
E Qe e E | e E E Q| e E E Qe g E | e E
<le 5 SR <le 5 <l 5 <l 5
2000 [2.790| 71.9 [0.807 | 20.8 |0.125| 3.2 [0.043| 1.1 [0.118| 3.0 3.882
2001 |2.895| 72.2 10.767 | 19.1 |0.146| 3.6 |0.043| 1.1 |0.159| 4.0 4.009
2002 |2.856| 77.8 |0.469 | 12.8 |0.131| 3.6 |0.050| 14 |0.166| 4.5 3.670
2003 [2.697| 755 [0.619| 17.3 |0.116 | 3.2 |0.058| 1.6 [0.085| 2.4 3.574
2004 [2.699| 69.7 [0.871| 22.5 |0.116 | 3.0 [0.058| 1.5 [0.129| 3.3 3.874
2005 |[2.789| 67.2 {0987 | 23.8 |0.136| 3.3 [0.060| 1.4 |[0.180| 4.3 4.151
2006 |[2.768 | 70.8 [0.742| 19.0 |0.146| 3.7 |0.046| 1.2 [0.208| 5.3 3.909
2007 [2.699| 72.5 [0.717| 19.2 |0.141| 3.8 |[0.037| 1.0 [0.130| 3.5 3.725
2008 |[2.201| 66.0 [0.828 | 24.8 |0.154| 4.6 |0.037| 1.1 [0.118| 3.5 3.337
2009 (2222 604 [1.150| 31.2 |0.154| 42 |0.050| 14 |[0.105| 2.9 3.681
2010 [2.331] 53.3 [1.628 | 37.2 |0.132| 3.0 [0.064| 1.5 [0.220| 5.0 4.375
2011 |2.456| 59.6 | 1.207 | 293 [0.190| 4.6 |0.092| 2.2 |0.175| 4.2 4.119
2012 {2479 59.6 [1.219| 29.3 |0.191| 4.6 |0.106| 2.5 [0.167| 4.0 4.162
2013 (2379 583 [1.262| 309 |0.198| 4.8 [0.076| 1.9 [0.170| 4.2 4.084
2014 2271 55.7 |1.363| 334 |0.161| 3.9 |0.074| 1.8 [0.209| 5.1 4.080
2015 2404 | 51.0 |1.869| 39.7 |0.160 | 3.4 |0.090| 1.9 |0.186| 3.9 4.710
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2016 [2.340] 42.8 [2.621] 48.0 [0.144] 2.6 [0.124] 23 [0235] 43 5.463
2017 |2.812] 45.7 [2.227] 362 [0.190] 3.1 [0.262] 4.3 [0.665] 10.8 6.157
2018 [2.816] 51.1 [1.829| 332 [0.175| 32 [0272] 49 [0419] 7.6 5511
2019 [2.440( 50.2 [ 1.720| 35.4 [0.167| 3.4 [0.137] 2.8 [0401| 82 4.865
2020 [2.305] 46.4 [1.965] 39.6 [0.150] 3.0 [0.132] 2.7 [0.413] 83 4.965
2021 [2.517] 47.6 [ 1.954 37.0 [0.148 | 2.8 [0.167] 32 [0.502] 95 5.287
2022 [2.542] 462 [2.020 36.7 [0.146 | 2.7 [0.220] 4.0 [0.576] 10.5 5.504

An analysis of individual countries worldwide showed that the largest areas under
lentil cultivation are concentrated in India and Canada. As clearly seen from the data
presented in Fig. 3, up to 2016, India surpassed Canada in terms of lentil cultivation
areas, but starting from 2016, Canada took the lead among countries in the world in this
indicator. The share of India and Canada in the global lentil cultivation areas for the
period 2000-2022 fluctuated between 50-66%. Turkey held the third position, but with
a significant gap, at 5-13%, followed by Australia and the USA at 2-11% and 2—7%,
respectively.

2000-2010 2011-2022

Asia — America

35.7%

68.8% .
] America

Oceania
-3.8%

Europe

1.3%

Africa—

3.6%

Oceania
-6.7%

Europe

2.9%

Africa—

3.5%

Fig. 2. The average share of regions in the global lentil cultivation areas from 2000
to 2022 (source: FAOSTAT, 2023)

Fig. 3. Dynamics of lentil cultivation areas in leading producing countries
(source: FAOSTAT, 2023), ha
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In Ukraine, until 2011, the areas under lentil cultivation did not exceed 500 hectares
(Fig. 4). In 2012, there was an increase to 2,100 hectares with subsequent significant fluc-
tuations in cultivation areas — from 300 hectares in 2015 to 24,500 hectares in 2018. The
increase or decrease in cultivation areas corresponded to the respective production volumes
of this leguminous crop, which was relatively niche for Ukraine until recently (Fig. 5).
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Fig. 4. Dynamics of lentil cultivation areas in Ukraine (source: FAOSTAT, 2023), ha
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Fig. 5. Dynamics of lentil production volumes in Ukraine (source: FAOSTAT, 2023), tons

Worldwide lentil production volumes show a tendency towards gradual growth.
For the period 2006-2010, the world produced 18.44 million tons, 2011-2015 —
24.44 million tons, and 2016-2020 — 32.57 million tons of lentil grain (Table 2). More-
over, an increase in production volumes is observed in all regions of the world, except
for the African continent, where lentil production has maintained relatively stable posi-
tions since 2011. The largest production volumes of lentils in the world are provided
by countries in Asia and America. Over the period 2000-2022, these regions accounted
for 47.8% and 40.2% respectively. The least amount of lentils is produced in European
countries — 2.0% of global production.
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Table 2
Dynamics of lentil production by regions worldwide and in leading countries
(source: FAOSTAT, 2023), million tons

Countries-leaders in

Regions of the world

production
Years = World
] .
= | €| 5| & 2| = .§ & | 5 | 4 |production,
Z | 8| E| S| |28 | 8| E| &£ | £ |milontons
< =] < 5 5] = < a 2 =)
< = © <

20002005 [13.26| 5.41 | 0.49 | 0.26 | 0.97 | 5.87 | 437 | 3.09 | 0.94 | 0.93 20.37
2006-2010 | 9.71 | 7.19 | 0.59 | 0.20 | 0.75 | 4.65 | 599 | 2.04 | 0.74 | 1.09 18.44
2011-2015 |10.61|11.18| 0.99 | 0.40 | 1.28 | 519 [ 990 | 1.98 | 1.26 | 1.08 24.44
2016-2020 | 12.85/15.27| 0.96 | 0.89 | 2.59 | 6.15 [13.19] 1.87 | 2.59 | 1.88 32.57

2021-2022 | 520 | 443 | 0.34 | 044 | 1.86 | 2.76 | 3.89 | 0.71 | 1.85 | 0.40 12.26
2000-2022 [51.63|43.48| 3.37 | 2.19 | 7.45 [24.62(37.34| 9.69 | 7.38 | 5.38 108.08

78.1% of the world's lentil production volumes for the period 2000-2022 were pro-
vided by 5 leading countries: Canada — 34.5%, India — 22.8%, Turkey — 9.0%, Austra-
lia— 6.8%, USA — 5.0%, and only 21.9% of the grain of this crop was produced in other
countries around the world (Fig. 6).

M Canada
L1 India

i Turkey

H Australia
LU USA

E Other countries

Fig. 6. Share of leading countries in global lentil production volumes for the period
2000-2022 (source: FAOSTAT, 2023),%

The increase in lentil production volumes is not only due to an expansion of
cultivation areas but also to the use of innovative agricultural technologies and an
increase in yield levels. Sharp fluctuations in lentil grain yields during the study
period are notable in Oceania countries, with the highest in American countries
(Fig. 7). Countries in Asia and Africa achieve relatively stable yield levels. In
Europe, lentil yields are also quite stable but low — ranging from 0.79 t/ha in 2009
and 2018 to 1.19 t/ha in 2022.

Among the leading lentil-producing countries, Australia and Canada have the highest
yields, while India has the lowest. A comparative diagram (Fig. 8) shows a relatively
low level of lentil yield in Ukraine compared to leading countries, although starting
from 2011, it exceeded India's yields in most years and in 2021, it was only surpassed
by Australia and Canada.
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Fig. 7. Dynamics of lentil yields in world regions (source: FAOSTAT, 2023), t/ha
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Fig. 8. Dynamics of lentil yield in Ukraine and leading production countries
(source: FAOSTAT, 2023), t/ha

Improving lentil cultivation technology in Ukraine will allow to increase yield
levels and improve grain quality indicators, especially based on resource conservation
principles, which will be quite important during the post-war period of Ukraine's
recovery. Expanding cultivation areas and increasing production volumes of this
leguminous crop will reduce dependence on lentil imports and ensure a stable supply
of high-protein grain to the domestic market. Additionally, increasing lentil yields will
enhance the profitability of agricultural producers, which in turn will positively impact
the country's economic development. Improving lentil cultivation technology can be a
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significant step in the development of agriculture in Ukraine and ensure a stable supply
of this valuable crop to the international market.

Conclusions and recommendations. Climate change towards global warming
and increasing aridity forces agricultural producers to expand the cultivation areas of
drought-resistant crops. One such crop is lentils, which contain a significant amount of
protein, minerals, and vitamins. Increasing the cultivation areas under lentils in Ukraine
and improving the technology of their cultivation will help address food, environmental,
and economic issues, as well as ensure a stable supply of valuable high-protein grain
to the global agricultural market, strengthening Ukraine's position on the international
stage.
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