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STRATEGIC LINES TO BOOST GRAIN LEGUME PRODUCTION IN UKRAINE
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Our purpose was to rationalize the need for a significant increase in grain legume fields in
Ukraine based on the analysis of food and feed indicators of their seeds, their impact on the soil
quality and environment.

Significant nutritional value of legume seeds is determined by high contents of high quality
protein, isoflavones, and essential trace elements. They have excellent palatability and pleasant
aroma, swell and boil quickly. These crops are able to fix nitrogen from the air, satisfying their own
needs and leaving significant amounts of nitrogen in the soil for subsequent crops in crop rotations.
Grain legumes should be considered in the crop rotation system together with winter wheat as
fallow crops. Their synergistic effect on subsequent crops in crop rotations is attributed to the
peculiarity of the microflora of the rhisosphere, where symbiotic and free-living bacteria are
concentrated. Surveys indicate the need to expand cultivation of pea, chickpea and lentil in Ukraine,
as there are all the necessary conditions — cultivars adapted to water deficit, developed technologies
for their cultivation, a positive experience of high yields.

Key words: pea, chickpea, lentil, symbiotic nitrogen fixation, cultivar, export-import
relations.

Grain legumes play a crucial role in the food balance for mankind. Owing to them, millions
of people are provided with a normal diet, especially in developing countries. In addition, for recent
decades, increasing numbers of people have been consuming legume products, which reduces the
dependence on today's diseases such as cancer, diabetes, dysbacteriosis, anemia, cardiovascular
diseases, genitourinary, renal and liver diseases. Consumption of dishes from seeds of these crops
helps to improve immunity, normalizes the gastrointestinal tract functioning, has a beneficial effect
on the body weight, helping one to maintain a slender figure and prevent premature aging. Such a
positive effect on the human body can be explained by biochemical characteristics of seeds. First,
they contain high amounts of easily digestible protein, with elevated levels of some essential amino
acids. Due to such composition, legume products can replace valuable meat and dairy products only
for health benefits, as plant ingredients are free of cholesterol and contain little fat [1, 2]. It should
be noted that the more new information about the functional characteristics of legume seeds comes
to light, the wider they are used for food. Recently, it has been revealed that these plants accumulate
negligible levels of nitrates, nitrites, radionuclides and other toxic substances in aerial parts. Seeds
of legume cultivars contain 24-32% of protein, have excellent palatability and pleasant aroma,
swell and boil quickly. Products from these crops are rich in isoflavones, which have a preventive
effect on the cardiovascular system and anticancer activity, improve the elasticity of blood vessels,
lower blood pressure and inhibit platelet aggregation [3, 4]. They are especially important for
children and adolescents, who are gaining weight and have high energy expenditure [5, 6].
Legumes, especially lentil and chickpea, play significant roles in providing the population with such
important trace elements as selenium, iron and zinc [7-10]. Several studies have clearly shown that
diets based on meat-enriched legume-cereal mixtures are much healthier than pure meat or dairy
diets [1, 11]. Depending on the crop, legume seeds contain 33.7-51.3% of available carbohydrates
[1]. Their important feature is that they contain oligosaccharides, polyols and resistant starch, which
are a nutrient medium for beneficial microorganisms in the large intestine performing bioregulatory
functions in the gastrointestinal tract [12—15]. In addition to their nutritional value, legume seeds,
especially peas, are an important protein component in the manufacture of feed for farm animals
and poultry.
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The second important feature of legumes is their ability to fix nitrogen from the air and, due
to this, almost completely provide themselves with this element. During their vegetation periods,
soybean, pea, chickpea, and lentil bind 80-120 kg/ha of nitrogen in active substances, which is
equivalent to about 300 kg of nitrate added to the soil. Tubers and root residues are an important
source of biological mass, due to which the humus content in the soil may increase. It should be
noted that biological nitrogen, which is fixed from the air, is environmentally friendly, it gradually
transits from organic compounds to mineral ones and thus fully absorbed. It is not washed away
from the soil, does not pollute water reservoirs and the environment, and promotes organic farming,
which is highly valued in many countries. Pre-sowing inoculation of seeds with highly effective
strains of nodule bacteria, even in the arid steppe zone, ensures a significant gain in the yield [16].

Considerable changes of the climate, which have been observed recently, cannot but affect
agriculture. Constantly increasing temperature in spring and summer, long inter-rainy intervals
during the growing periods of major crops, showers, thunderstorms and hail, frequent thawings in
winter indicate that farmers have faced almost a new climate. This is especially felt in the steppe of
Ukraine, where there is a clear upward tendency in soil and air droughts. Grain legumes, especially
chickpea and lentil, are drought-resistant and usually grown in places, where other crops do not give
economically reasonable yields.

Given the complex of positive features, sown areas and gross outputs of legumes in the
world are constantly growing (Table 1).

Table 1
Sown areas and yields of legumes in the world

Gross output, million

Year Sown area, million ha Yield, cwt/ha tons
1961 64.01 6.4 40.78
1971 63.51 6.7 42.67
1981 62.56 6.6 41.63
1991 70.73 7.9 56.17
2001 67.64 8.3 56.34
2011 79.63 8.8 70.32
2014 83.46 9.4 78.86
2016 89.71 9.8 87.83
2018 94.75 9.7 92.32
2019 89.06 9.9 88.38

From the above data, it is clear that a significant increase in production of these crops only
began at the beginning of the 21% century. In 2001, they occupied 67.64 million hectares in the
world, while in 2011 their area exceeded 79 million hectares, i.e. increased by 17.7% within 10
years. The gross output increased by almost 14 million tons during this period. In the following
decade, this trend maintained and only in 2019 there was a certain decline in production, due to
changes in the export market. Thus, in the 21% century (2001-2019), the area under legumes
increased by >21 million hectares, and the production of commercial seeds — by 32 million tons. In
2016-2019, the gross output doubled compared to 1981. In accordance with a FAO program, until
2029 the legume production will be on the fast track [17]. Thus, in 2029, the gross output will reach
102.64 million tons. 8.2 kg of seeds will be grown per capita in 2029 compared to 7.7 kg in 2017-
2019. Accelerated growth of the production is predicted in Argentina, Peru, EU, India, Kazakhstan,
Germany, and Thailand (Table 2).

Globally, the growth rates of areas under bean, chickpea and cowpea have been highest
recently. However, in 2019, the production of chickpea and lentil fell sharply due to reduced areas
in Australia, India and Russia. The main reason for this change in the production, from an upward
trend to a downward one, is a significant drop in the world market prices. In 2017-2018, there was
a "chickpea boom", and the price of top-quality commercial seeds reached $ 1,000 per ton. This
situation has been caused by large-scale purchases by a number of countries, especially India, which
is the largest importer of legumes in the world.
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Sown areas and yields of major grain legumes in the world

Table 2

Sown area, million ha

Yield, cwt/ha

Gross output, million tons

Cultivar 000" 2014 2018 2019 2000 2014 2018 2019 2000 2014 2018 2019
Beans  23.8 303 345 33.1 075 089 088 087 178 268 304 289
Chickpea 102 139 17.8 137 079 096 096 1.04 80 134 172 142
Cowpea 89 126 125 144 037 045 058 062 33 56 72 89
Pea,sceds 6.0 68 79 72 178 172 172 198 107 117 135 142
Pea, 1.6 24 27 28 777 742 774 782 122 174 242 218
vegetable

Lentii 39 40 61 48 087 1.7 104 119 34 47 64 57
Lupines 13 07 1.0 09 093 151 121 114 12 11 12 10
Vetch 09 05 04 04 1.0 170 171 183 10 09 07 07
Field 25 22 25 26 150 194 196 211 38 42 49 54
beans

A significant reduction in purchases by several countries aimed at their self-sufficiency in
2018 led to a fall in the world market prices, and in 2019 — to a reduction in sown areas. In the
coming years, an upward trend in the production of these crops is sure to be recommenced, as the
population continues to grow, especially in African countries, which are consumers of a significant
share of these products in the world market.

At the same time, the number of vegetarians and vegans, whose protein needs are satisfied
mainly by legumes, is growing. In Ukraine, pea is the main legume, in addition to soybean. In the
late 1980s, its fields amounted to nearly 1.5 million hectares, but then fell sharply. In the following
period, the sown area changed, depending on the price and yield (Table 3).

Pea seed production in Ukraine

Table 3

Year

Sown area, thousand

Yield, cwt/ha

Gross output,

ha thousand tons
1987 1437.0 2.41 3471.7
2000 258.2 1.75 499.4
2001 298.0 2.07 619.0
2002 3243 1.89 613.2
2003 337.6 1.10 371.2
2004 258.2 2.46 636.3
2005 311.1 1.98 616.0
2006 236.7 2.00 652.7
2007 246.8 1.09 238.1
2008 201.1 2.26 454.9
2009 237.0 1.81 493.6
2010 278.5 1.62 452.4
2011 245.0 1.49 364.3
2012 216.8 1.58 342.5
2013 185.2 1.14 211.2
2014 144.3 2.49 359.3
2015 182.2 2.14 390.0
2016 238.0 3.16 752.1
2017 405.0 2.67 1081.4
2018 431.5 1.86 802.6
2019 257.0 2.27 583.4
2020 235.0 2.17 509.9

This situation has led to disruption of crop rotations; in some regions — to soil degradation
and a sharp decrease in organic matter, shortage of products made from other crops due to
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inappropriate predecessors. It should be noted that during this period the pea areas in countries-
major importers of cereals increased significantly. Thus, in 2000 in Canada it amounted to
1,220,000 hectares, and in 2018 —to 1,711,000 hectares; in the Russian Federation — to 535,800 and
1,210,000 hectares, respectively; in the US —to 71,200 and 425,700 hectares, respectively. It should
be noted that the pea yields our country are comparable to those in these countries. For example, the
average yield for 2017-2019 in the United States was 2.03 t/ha, in Canada — 2.53 t/ha, in Russia —
2.05 t/ha, and in Ukraine — 2.24 t/ha. The main driver for increasing pea fields is its value as the
best forecrop for cereals, especially for high quality grain wheat. Recently, this has been intensively
practiced in the US and Canada. Nowadays, fallow predecessors are replaced with legumes, mainly
pea, chickpea and lentil on a large scale in these countries. This transition does not reduce the yields
of subsequent crops in crop rotations, increases the gross outputs due to the elimination of fallow
fields, improves the soil quality, and stabilizes yields over time. It is important to note that this
process takes place in regions, where climatic conditions are very similar to those in the steppe of
Ukraine. In Canada, these provinces are Saskatchewan and Alberta, where the precipitation amount
is 350400 mm. In the US, complete fallow is being increasingly replaced by pea over the past
decade in the arid region, the so-called wheat belt (Great Plains), with the precipitation amount of
320-400 mm. These states are Kansas, Oklahoma, Nebraska, Colorado and others.

As we mentioned above, the climatic conditions in Ukraine are favorable for obtaining
economically viable pea yields. In addition, one should take into account a potential gain in the
yield of a subsequent crop in crop rotation owing to this excellent forecrop. American scientists’
multi-year studies have shown that the yield from winter wheat sown after pea increases by 12%
compared to other forecrops, including soybean. This combination of crops gives a synergistic
effect, which arises from the more efficient use of water, improved microbiota in the soil and its
products stimulating plant growth. It is important to note that this response is more discernible on
drought. Thus, the "pea — winter wheat" sequence can be a basis of effective crop rotation in arid
regions.

Ukraine has all pre-requisites for pea expansion. The State Register of Plant Varieties
Suitable for Dissemination in Ukraine has 52 cultivars; 29 of them have been bred by domestic
research institutions. Results of variety trials at stations and farms indicate that under optimal
conditions of cultivation the yields from new cultivars amount to 5.0 t/ha. They are highly
resistance to lodging and diseases, suitable for direct combining. The Plant Production Institute
named after V.Ya. Yuriev of NAAS, Institute of Bioenergy Crops and Sugar Beet of NAAS and
Plant breeding and genetics institute — National center of seed and Cultivar Investigation have made
the greatest contributions to the creation of such cultivars. Since large area under pea are located in
the steppe, our institution have bred drought-resistant medium-sized cultivars for this zone, with a
plant height of 80—85 cm [18]. A number of resistant to lodging and diseases cultivars were created
at the Plant Production Institute named after V.Ya. Yuriev of NAAS [19]. Recently, a new
innovative direction in pea cultivation has been launched — pre-winter sowing. Our four-year
studies in the central zone of Odesa Oblast show that expansion of such plantings is quite promising
[20].

The last decade was characterized by significant instability of yields from almost all crops,
including pea, over the years. Thus, during the past five years, the average yield of the crop in our
country ranged 18.2 to 31.3 cwt/ha. Such variability is attributed to two main factors: water in the
soil and air temperature during the growing period. In the steppe, the yield variability is determined
by even harsher parameters.

It is possible to improve water and thermal modes via autumn sowing, which allows plants
to efficiently use winter and spring water reserves and give higher yields. Our field studies on the
Serbian cultivar of Moroz and the French cultivars of Enduro and Balltrap demonstrated that this
technology had a number of advantages [20]. First, plants make better use of winter and spring
water reserves. Secondly, they avoid the negative effects of high temperatures in May — early June.
As a result, their yields are more stable over the years. In addition, early spring seedlings protect the
soil from wind and water erosion.

It is important to note that the global warming, which is especially evident in the steppe of
Ukraine, promotes the implementation of this pea growing technology. The winters have become
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milder over the last decade, and the spring comes earlier. This trend is predicted to persist;
therefore, the new method of pea cultivation looks rather promising. It is beneficial that winter
plantings ripen 15-20 days earlier than spring ones, allowing one to accumulate more water for the
subsequent crop in the rotation, which is usually winter wheat. We recommend sowing on October
15-20, i.e. after winter cereal sowing. Figure 1 illustrates plants of different pea cultivars on the eve
of winter (November 7, 2017) and in the middle of winter (January 9, 2018). It is important to note
that most operations of the new autumn sowing technology do not differ significantly from those of
the traditional one. Winter and spring cereals as well as corn and millet are good forecrops.

a b

Fig. 1. a— pea plants one month after sowing (November 7, 2017), b — two months after sowing
(January 9, 2018). Cultivars: A — Svit, b — Enduro, B — Darunok Stepu, I' — NS Moroz.

It was proven that a good yield could be also obtained with the No-till or Strip-till
technologies. On the sowing day, seeds should be treated with an inoculant made from a highly
effective Rhizobium leguminosarum strain. This eliminates the need for significant amounts of
mineral nitrogen fertilizers. Prior to inoculation, seeds are dressed. The period between dressing and
inoculation should be 12-14 days. Generally, phosphorus-potassium fertilizers are applied
concurrently with sowing.

Autumn sowing in October is better than spring sowing in wet soil. Particularly significant
advantages of this technology are seen when seeds are sown directly in the stubble after harvesting
spiked cereals. Even at present in the subtropical zone of China, pea cultivars are mainly sown on
the eve of winter. AS Moroz (a Serbian cultivar) has been entered in the State Register of Plant
Varieties Suitable for Dissemination in Ukraine for cultivation by the new technology. Our research
shows that good results can also be obtained with Enduro and Balltrap (French cultivars). Autumn-
sown cultivars are capable of basal branching (Fig. 2).

Fig. 2. Three-branched and two-branched plants of the Enduro pea cultivar
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If the main stem is damaged for some reason (low temperature, pests, mechanical injury),
the plant is able to form an additional one or two full-fledged lateral branches. This is especially
important for thinned plantings. In a large-scale study conducted by Chinese scientists, 672
collection accessions were examined in three zones during three growing periods [21]. As a result,
16 genotypes, which turned out to be the most adapted to the study site conditions in 2015-2016
and resistant to -18°C, were identified. Their genetic analysis using 267 polymorphic markers
showed significant levels of variability. This made it possible to categorize the accessions into two
groups within the studied gene pool. As to the geographical origin, one group included mainly
accessions from China. The English winter-hardy PI 269818 line was found to have been singled
out due to this feature in the US much earlier [22]. Seven molecular markers that are closely related
to high frost tolerance were described.

Surveys showed that the following temperature mode was the best for the selection of cold-
tolerant forms: 4-week adaptation at 4°C with subsequent freezing of seedlings at -7°C to -9°C [23,
24]. Based on the obtained results, it was concluded that cold tolerance depended on 3—4 genes.
This trait is significantly influenced by genes that determine the hilum pigmentation (chromosome
VI) and the seed coat color (chromosome I).

For breeding purposes, a fairly simple method of screening cold-tolerant pea genotypes
based on seedling stem growth rate and chlorophyll fluorescence has been developed [25]. Using
this method, one can test 16 plants per hour.

A study of hybrid populations in Michigan (USA) showed an advantage of anthocyanin-
synthesizing plants, i.e. field pea, in terms of winter hardiness. In addition, the presence of red eyes
on seeds had a positive effect on overwintering [26]. Similar results were obtained in Bulgaria at the
Institute of Forage Crops (Pleven) [27]. Field studies showed that some pea cultivars were able to
tolerate frosts of -8 to -12°C [22, 28].

Molecular genetics identified six QTLs affecting cold tolerance in pea [29]. Of these, the
effects of three QTLs were detected in all test sites. They are located on chromosomes 3, 5 and 6.
There were significant genetic studies of inheritance of cold tolerance in pea in Turkey [30]. There,
four female components were crossed with three testers. F; and F, hybrids were grown in the field
and at rather low temperatures. It was found that young plants survived -16.8°C without much
damage. Several hybrid populations, which were more cold tolerant than their parents, were singled
out. The maximum tolerance to low temperature was observed in hybrid populations, where the
female component was the Sprinter cultivar. It was found that the general and specific combining
abilities for this trait in the parents varied significantly and Sprinter had the highest positive GCA.
The estimate of broad-sense heritability was high for winter hardiness in pea.

Studies in France showed that increased tolerance to low temperatures was due to genes
associated with photosynthetic activity, as well as with those involved in cysteine and methionine
biosynthesis [31]. Thus, cysteine and methionine molecules are cryoprotectants under cold stress. In
another study, French scientists investigated a large set of recombinant inbred pea lines and
composed a genetic map including 679 markers of seven linkage groups [32]. Two QTL clusters
belonged to linkage group III, and one cluster — to group VI. Their results demonstrated that
independent breeding for tolerance to low temperatures and performance/product quality was
expedient.

Last decade, Serbian breeders made significant progress in the breeding of pea cultivars for
autumn sowing. Their cultivars are distinguished by good winter hardiness, longer growing periods
and high yields. In this country, pea is sown in the first 10 days of October and harvested in mid-
July. Moroz is a quite common cultivar in production; it was derived from crossing French and
Serbian frost-tolerant accessions. Lately, this cultivar has been added to the National Register of
Ukraine.

It should be noted that in the last few years winter pea sowing spread rapidly on farms in
Ukraine, especially in the steppe. The farm Shestirnia (Dnepropetrovska Oblast, Shirokivskyi
Raion) can be an example. In 2020, pea was grown here on 530 hectares there. Moroz and Enduro
were grown. The average yield in this dry year was 34.7 cwt/ha. The area has been increased to 550
hectares this year. On Oleksander Volodymyrovych Maslianyi’s farm (Mykolayivska Oblast,
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Kazanskyi Raion), 27 cwt/ha of winter pea grown by No-till technologies was harvested last year.
In Odeska and Mykolayivska Oblasts, dozens of farmers have mastered this innovative way of
sowing and get quite high yields of pea.

In 2018-2020, our station together with breeders of the Plant Production Institute named
after V.Ya. Yuriev performed a significant number of crossings in order to create cultivars for this
technology. To date, stable recombinant lines of this type have been identified, and next year a
cold-tolerant cultivar for autumn sowing will be submitted for qualification examination.

Commercial pea seeds are an important segment of the international trade. This was
especially clearly demonstrated in 2016-2017 and became the main reason for the expansion of the
crop plantings. Large batches of pea were exported mainly to India and Pakistan. The peak of this
trend was 2017, when Ukraine harvested more than 1 million tons of pea, of which 872,000 tons,
1.e. 80%, were exported. A great portion was sold to India in July—October 2017. Unfortunately, this
year (in November), India has raised the import duty by 50%, which significantly reduced exports
not only from Ukraine but also from Canada, Russia, the US and France. This action has led to a
sharp drop in the world market prices, as India, being the largest importer of legumes, is a
trendsetter. The current policy of this country is to provide themselves with these products in order
to save currency. The country has introduced price regulation at a minimum level, launched a
national program to support farmers in order to significantly expand plantings of these crops. It is
important to note that exports from Canada fell by 42% during this period. Due to these changes,
Ukrainian pea was later exported to Myanmar, Somalia, Bangladesh, Egypt and Nepal. Pea export
to EU countries (Italy, Spain, Germany, the Netherlands, France and Belgium) has also increased
significantly. For the market year of 2019/2020, our country has sent 41% of total pea exports to the
EU. Thus, nowadays there has been a reorientation of the crop exports, which in general can be
considered a positive trend, as the market for the purchase of Ukrainian pea has significantly
expanded. The situation with India remains uncertain. The fixation on self-sufficiency is not
entirely paid off, as in 2019 the pea production in India, on the contrary, decreased. In 2018,
997,700 hectares were sown with pea, while in 2019, the area was reduced to 606,700 hectares. The
gross output has become a positive signal for Russian agricultural producers, who in 2019 increased
pea exports to India to 108,000 tons. In 2020, supplies of pea seeds continued.

Another crop that deserves attention due to climate changes is chickpea. Chickpea bush
have a typical xerophytic structure: small bushes, small leaves, high osmotic pressure of cell sap. Its
leaves and pods are densely covered with hairs excreting a lot of oxalic acid, which scares away
many pests. Chickpea is quite common in the global agriculture; in 2018 the area under chickpea
amounted to 17.8 million hectares; and the gross output amounted to 17.2 million tons. The main
producers of this crop are India, Pakistan, Australia, Iran, Turkey, and Russia. It is important to note
that chickpea is highly drought-resistant, hence, it is a valuable component of crop rotations in arid
areas. The crop is easily producable: it does not lodge; pods do not shed or dehisce. Pods are set at a
height of 20-25 cm from the soil surface, which facilitates high-quality harvesting. Given these
beneficial features, recently, chickpea has occupied a niche in the steppe and southern Forest-
Steppe our country. Because of the climate aridization, the area sown with chickpea will be
constantly expanding in the future.

During the last 25 years, the Plant breeding and genetics institute — National center of seed
and Cultivar Investigation created 12 chickpea cultivars, and they were included in the State
Register of Plant Varieties Suitable for Dissemination in Ukraine. The creation of large-seeded
cultivars is an important achievement, because they are highly valued at the world market (Table 4).

Under the production conditions of our country, the most common cultivars are Rozana,
Triumf and Pamiat. In addition, the first two cultivars have passed the state trials and been entered
in the State Register of the Russian Federation.

Multi-year studies of chickpea collection accessions helped to identify sources of increased
seed productivity, large seeds, high protein content, tolerance to pathogens, and improved
technological qualities of seeds. Individual genotypes with improved valuable economic indicators
were identified. It was shown that by combining traits of accessions of different eco-geographical
origins in one genotype there is a high probability of obtaining valuable recombinant forms through
accumulation of beneficial adaptive genes. A great diversity of starting material is required to
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prevent epiphytotic diseases and mass spread of pests, which are especially dangerous with
homogeneous gene pool.

Table 4
Characteristics of chickpea cultivars, average values for the southern Steppe

. . Height of

. Seed yield, cwt/ha Growmg attachment  1000-seed Protein
Cultivar period, .
. of lower weight, g content, %
average maximum days

pods, cm
Rozana 15.6 28.3 92 22 320 27.0
Alexandrit 17.8 29.1 88 18 275 26.5
Pamiat 15.4 27.1 91 21 315 27.1
Antej 14.8 25.6 88 20 390 28.3
Pegas 15.9 27.8 85 18 265 27.5
Triumf 15.5 279 93 21 405 28.7
Bujak 16.0 26.1 91 22 412 27.9
Odisej 16.1 24.6 91 22 415 28.5
Skarb 16.5 25.8 94 22 420 26.9

During the breeding period, the International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT, India, Patancheruvu) became our partner and provided us with more than 2,000
collection accessions. They were studied under our conditions, and the best of them were involved
in hybridization.

Yet another crop is worth paying attention to, as its drought resistance is comparable with
that of chickpea — lentil. To date, it is rare in production, although in the near future lentil will take
its rightful place. The soil and climate in Ukraine are fully suitable for its cultivation on a large
scale. Once in the past, it was positively assessed in our country. Before the start of hostilities in
1941, lentil was grown on an area of about 100,000 hectares, but in the postwar period the crop was
forgotten.

The experience of some producers shows that in the steppe Ukraine is lentil yields are
similar to those in Canada, Turkey and Australia. On most lentil-growing farms, 1.5-2.0 t/ha was
harvested. As to economic indicators, this is equal to the winter wheat yield of 7.0-7.5 t/ha, but the
cost of lentil growing is almost twice less.

Our production experiments on 12 farms in Odeska, Mykolaivska, Kyrovohradska and
Dnipropetrovska Oblasts in 2017 showed the significant value of lentil for the agricultural sector of
Ukraine. The accumulated experience is a basis for a significant increase in plantings of this
valuable crop.

For Ukraine, Canadian experience is very valuable, as Canada began to grow lentils in the
steppe (Saskatchewan and Alberta) at the end of the last century. First in 1975, it was only sown on
400 hectares, and then the area began to grow rapidly, and soon this country became the main
producer and exporter of lentils in the world. In recent years, the yields amounted to 14-16 kg ha
there.

At the National Center for Plant Genetic Resources of Ukraine (Kharkiv), the collection of
lentils has about 1,000 accessions and is constantly enriched [34]. Studies of the collection under
the arid steppe conditions revealed a number of genotypes that are lodging resistant, tall, suitable
for combine harvesting, and have high seed productivity [35]. To date, in the field, we have
detected no harmful diseases. Thus, our country has all the necessary prerequisites for further
ramping up the production of this crop. Eight lentil cultivars are in the State Register of Plant
Varieties Suitable for Dissemination in Ukraine; of them Linza is the most common in production.
Under optimal cultivation conditions, its yield in the steppe exceeds 2.0 t/ha. Our station has
submitted a new cultivar, Kometa, for qualification examination.
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Since the bulk of legume seeds grown in Ukraine are exported, we believe that it is
necessary to sow several crops to ensure a more reliable pricing policy. Unfortunately, the world
market nowadays is not stable and quite often prices change significantly within a short period of
time. This happened to pea and chickpea in the second half of 2018. On the other hand, now there is
a significant rise in prices of commercial seeds of all grain legumes.

A very intensive international trade in legume seeds should be highlighted. In 1980, 2.9
million tons of lentil seeds were sold, while in 2011, the trade exceeded 12 million tons, although
the cereal exports only experienced 1.5-fold increase during this period [36]. The main exporters are
developed countries (USA, Canada, Australia), and developing countries are importes (South and
East Asia and Africa). In 2019, their imports amounted to 23.3 million tons worth more than § 10
billion, and the exports amounted to almost 19 million tons worth $ 9.9 billion.

Given the crucial importance of grain legumes as a source of high quality food for
humanity, 2016 was declared as the International Year of Pulses by the UN, and from 2018 on,
World Pulses Day is observed every year on 10 February.

Conclusions. Summarizing the above, we can conclude that at present grain legumes play
important roles in the global agricultural sector. Most of them are heat- and drought-resistant, they
are unpretentious to the soil quality, on the contrary, are they are soil improvers. It is impossible to
compose high-quality crop rotations without them, and they are essential for organic production. As
a result, the areas under grain legumes will continue to grow, especially in countries caring about
the soil quality for future generations.
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CTPATEI'TYHI HAITPAMH 35UIBIIIEHHS BHPOBHHUIL[TBA 3EPHOBEOFOBHX
KYJIbTYP B YKPAIHI

Ciukap B.I.
OpnecbKa JiepkaBHa CUIBCHKOTOCIIOAAPCHKA IOCTiIHA CTaHIis, YKpaiHa

Meta. MeTor nociipkeHHsT 0ysio OOIpyHTYBaHHS HEOOXiTHOCTI CYTTEBOTO 301JIBIICHHS IOCIBIB
3epHOO000BHUX KYyJIbTYp B YKpaiHi Ha OCHOBI aHami3y Xap4yOBHUX i KOPMOBHUX IOKa3HHKIB ix
HACIHHS, BIUIMBY Ha AKICTh IPYHTY Ta HaBKOJIMIIHE CEPEAOBHUIIIE.

Martepiayim i meToau. [1onb0Bi — BU3HaUEHHS MOKa3HUKIB POCTY Ta PO3BUTKY POCIIMH, €IEMEHTIB
HACiHHEBOI NPOAYKTHUBHOCTI; OIOMETpHYHI Ta BUMIPIOBAJbHO-BAroBi — BCTAHOBJICHHSA
BpPOXKaMHOCTI Ta 3arajabHOl OioMacH; 610XiMiUHI — BUSHAYCHHSI BMICTY MPOTEIHY, OJIii Ta 1HIIHUX
XIMIYHUX CKJIQJIOBUX HACIHHS; CTaTUCTUYHI — BapialliiHUM, perpeciiHuil Ta AMCIEpCIHHUI
aHai3.

OOroBopeHHsl pe3yJabTaTiB. 3HA4YHA MMPOJIOBOJIbYA I[IHHICTh HACIHHS 36pHOO0O0BUX BH3HAYAETHCS
BHCOKHM BMICTOM BHCOKOSIKICHOTO O1IIKY, 130()JITaBOHIB, BOKJIUBUX JJIS KUTTS MIKPOEIEMEHTIB.
BoHO BHAIAETECS BUCOKMMH CMaKOBHMHU SIKOCTSIMH, IIBHJIKO HaOyXae Ta pO3BApPIOETHCS, MA€E
npueMHui apoMmat. Llsg rpyna kynbTyp 3AaTHa (pikCyBaTH a30T 13 MOBITPs, 3a0e3MeuyBaTH HUM
BJIACHI MOTPeOM Ta 3aJIMIIATH 3HAYHY HOTO KiJBKICTH B IPYHTI Ui HACTYIHUX B CIBO3MiHI
KYJIbTYp. 3epHOO000BI MOTPIOHO PO3TIAIATH B CUCTEMI CIBO3MIH CIUIBHO 3 03UMOIO MIIEHUIIEIO
K TIApOBi Ky/JbTYpH. IX CHHepriuHHMii BIIMB HA HACTYIHI B CiBO3MiHi KyJIbTYPH IOSCHIOETHCS
0COOJIMBICTIO MIKPO(IOPH MPUKOPEHEBOT 30HHU, A€ 30CEPEKeHI CUMOIOTHYHI Ta BUTbHOXKHBYYI
Oakrepii.

BucnoBku. [IpoBesieHi criocTepexeHHs CBIYaTh MPO HEOOX1IHICTh HAPOIIYBaHHS MOCIBIB TOPOXY,
HYTy 1 CoYeBHII B YKpaiHi, Tak sK Ui LOTO € BCI HEOOXiTHI yMOBH — aJanToOBaHi 0
HEJOCTaTHhOI KUIBKOCTI BOJIOTM COpPTH, HampanboBaHa TEXHOJOTIS 11X BHUPOIIYBaHHS,
MO3UTHUBHUH JTOCBIJ OJIepKaHHS BUCOKOI BPOXKaHHOCTI.

Knrwuoei cnosa: 2opox, Hym, couesuys, cumbiomuuna azomgikcayis, copm, eKCnopmHo-

IMNOPMHI BIOHOWLEHHS.

CTPATETHYECKHE HAIIPAB/IEHHUA YBEJIHYEHHUA ITPOU3BO/ICTBA
3EPHOBOLOBBIX KY/IBTYP B YKPAHHE

Cuukaps B.U.
Onecckast rocy1apcTBEHHAsI CeNbCKOXO03siiicTBeHHAs onbiTHAs ctanius HAAH, Ykpanna

Hean. Llenbto uccrnenoBanust ObLJI0 000CHOBAaHHME HEOOXOIUMOCTH CYIIECTBEHHOTO YBEIMYEHUS
IIOCEBOB 36pHOOO0O0BBIX KYJIBTYp B YKpauHe Ha OCHOBE aHAJIN3a MUIIEBbIX 1 KOPMOBBIX CBOWCTB
UX CEMsIH, BIHMSHHUS Ha KAYECTBO IMOYBHI M OKPYKAIOIIYIO Cpey.

Marepuanbl U mMetoibl. IloneBbie — omnpeneneHue Mokaszareylel pocTa U pa3BUTHS PACTCHMH,
DIIEMEHTOB CEMEHHOH TPOIYKTHBHOCTH; OHMOMETpUYECKHEe W H3MEPHUTEIHHO-BECOBBIE —
YCTAQHOBJICHHE YPOXKaMHOCTH M 00Iell OmoMacchl; OMOXMMHUYECKHE — COJIepKaHUE MPOTEUHa,
XKHUpa U JIPYTHX COCTABJSIFOIINX CEMSH; CTaTUCTHYECKHE — BapHUAIlMOHHBINA, PETPECCHOHHBIA H
JTUCTICPCUOHHBIN aHaN3.

OO6cyxaeHune pe3yjbTaTOB. 3HAYUTEIbHAS MPOJAOBOJBLCTBEHHAS IIEHHOCTh CEMSH 3€pHOO00OBBIX
OTIpeNieNIeTCs] BBICOKUM COJIEpP’KaHHEM BBICOKOKAYECTBEHHOIro Oenka, M30()JIaBOHOB, Ba)KHBIX
JUTSL )KM3HH MHUKpPOdJIeMeHTOB. CeMeHa XapaKTepU3YIOTCS BBICOKUMH BKYCOBBIMH KadeCTBaMH,
OBICTPO HAOYXaIOT U Pa3BapUBAIOTCS, UMEIOT MPUATHBIN apoMaT. DTa rpymnina KyJbTyp COCOOHa
(GuUKCUpOBaTh a30T W3 BO3AyXa, O0OECIEeYWBATh MM COOCTBEHHBIE MOTPEOHOCTH W OCTaBIIATH
3HAYUTEIbHOE KOJMYECTBO a30Ta B IOYBE JJs CIEAYIOIIMX B CEBOOOOPOTE KYJIBTYP.
3epHOO00OBBIE CJIEAyeT paccMaTpuBaTh B CHCTEME CEBOOOOPOTOB COBMECTHO C O3WMOM
NIIEHUIIEW Kak MapoBble KYIbTyphl. VX CHHEpruueckoe BIMSHHE Ha TMOCIEAYIOIIHe B
CeBO00OpPOTE KYIbTYPbl OOBSACHSAETCS OCOOCHHOCTbIO MHUKPO(DIOpHI NMPUKOPHEBOM 30HBI, TIE
COCPEOTOUEHBl CUMOMOTHYECKHE U CBOOOTHOXKMBYIIME OakTepuu. [IpoBeneHHble HAOIIOACHUS
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CBU/IETEJICTBYIOT O HEOOXOJMMOCTH HapallUBaHUs IIOCEBOB IOpOXa, HyTa M 4YEUYEBUIIB B
VYkpauHe, TaKk Kak /s 3TOI0 UMEIOTCSA BCE HEOOXOOUMBIC YCIOBUS — aJalTUPOBAHHBIE K
HEIOCTaTOYHOM YBJIQXHEHHOCTH COpTa, HapaOOTaHHas TEXHOJOIMA MX BBIPALIMBAHHUA,
IIOJIOKUTEIBHBIA OIBIT ITOIYYEHUS BBICOKON YPOKAUHOCTH.

BobiBoabl. Ha ocHOBE COOCTBEHHBIX PE3y/IbTAaTOB M aHAJIM3a OIBITA MHOTMX CTPaH MHpa PacKpbITO
3Ha4YeHHE 3epHOO00OBBIX KYNIBTYp Ul Hamield crpanbl. OTMeueHa WX POib Ui OOCCIIeYECHHUs
BBICOKOKAYECTBEHHBIMA IPOAYKTAMH IHUTAHUSA, YJIYYIICHUS KayecTBa II0YBBI, YBECINYCHMS
HKCIOPTHOIO ITOTCHIIMAJIA CTPAHBbI.

Knwoueswvie cnosa: copox, nym, ueueguya, cumbuomuyeckas azom@ukcayus, copm,
9KCNOPMHO-UMNOPMHbLIE OMHOULEHUSL.

STRATEGIC DIRECTIONS OF INCREASE OF BEAN PRODUCTION IN UKRAINE

Sichkar V.I.
Odessa State Agricultural Research Station, Ukraine

Goal. Based on the results to substantiate the need for a significant increase in legume crops in
Ukraine on the basis of analysis of food and feed indicators of their seeds, the impact on soil
quality and the environment.

Material and methods. Field — determination of features of growth and development of plants,
elements of seed productivity; biometric and measuring-weight — accounting of yield and total
biomass; biochemical — determination of protein, fat and other components of seeds; statistical —
variation, regression and analysis of variance.

Results and discussion. The significant nutritional value of legume seeds, which is rich in high-
quality protein with a high content of essential amino acids, isoflavones, essential micronutrients,
is substantiated. It is distinguished by high taste, quickly swells and boils, has a pleasant aroma.
This group of crops is able to fix nitrogen from the air, provide for their own needs and leave a
significant amount of it in the soil for subsequent crop rotations. Legumes should be considered
in the crop rotation system together with winter wheat as fallow crops. Their synergistic effect
on subsequent crop rotations is explained by the peculiarity of the microflora of the root zone,
where symbiotic and free-living bacteria are concentrated. Observations indicate the need to
increase crops of pea, chickpea and lentil in Ukraine, as there are all the necessary conditions -
adapted to insufficient moisture varieties, developed technology for their cultivation,
accumulated positive experience for obtaining high yields.

Conclusions. Based on our own results and analysis of the experience of many countries around the
world revealed the importance of legumes for our country. Their role in providing high-quality
food, improving soil quality, increasing the country’s export potential is noted.
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