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» Abstract. The study aimed to assess the investment and innovation support of seed production, to develop measures
to improve efficiency and to propose proposals for protecting the rights of breeders to receive royalty and breeding
payments. Monographic, economic statistical, tabular and graphical, empirical, comparative analysis, forecasting, and
abstract and logical methods were used in the study. The study analysed the organisation and functioning of the seed
industry in Ukraine. The main indicators of the development of seed production of cereals, legumes and oilseeds were
investigated, and the outstripping rates of development of imports over exports and, accordingly, Ukraine’s import
overdependence, which leads to vulnerability in the global seed market, were revealed. The dynamics of costs to
produce seeds of cereals, oilseeds and legumes is summarised, and the standard cost of wheat seeds is calculated.
Proposals were developed to protect the rights of breeders in terms of protecting intellectual property rights to plant
varieties, accounting for the best practices of European countries. The actual and proposed value-added chains to
produce conditioned seeds in Ukraine were built. The most important indicators of seed production growth in Ukraine
are the volume of sowing (2,300-2,500 thousand tonnes), exports (77 million USD), and imports (350 million USD). The
largest share in the cost structure of all producers is the production of seeds, which are then delivered to the company
for processing (40-80%, depending on the category of producers). The amount of royalties paid annually averages 90
million UAH, with a potential of 900 million UAH. Breeding payments are not paid in Ukraine at all, although they could
amount to 725.7 million UAH
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» Introduction

The development of agricultural production is based on
modern breeding, variety renewal and timely variety re-
placement, and an effective national seed system that en-
sures optimal use of the genetic potential of Ukrainian va-
rieties and meets the needs of agricultural producers for
conditioned seeds. This will increase crop yields, reduce
costs and increase the economic efficiency of agricultural
production, as well as strengthen the competitive posi-
tion of the Ukrainian seed industry and the agricultural
sector in general.

The genesis of breeding and seed production in
Ukraine, strengthening the position of Ukrainian seed
producers in the international market, foreign investment
(Sergeyeva et al., 2020) to build a world-class seed infra-
structure (Borras et al., 2020; Qian, 2021) are not possible
in the future without the implementation of European
standards, without Ukraine’s membership in the Interna-
tional Organisation for Economic Cooperation and De-
velopment (OECD) and accession to variety certification
schemes. The use of conditioned seeds in agriculture is a
key factor in its genesis and the basis for increasing the
economic efficiency of the crop production industry. This
is evidenced by global trends related to food security, bio-
and genetic engineering, conversion to biofuels, adapta-
tion to meteorological changes, etc. The constant demand
in the global food market requires increasing agricultural
potential, including through seed production. The role
of innovative factors in agriculture and the economy has
increased and will continue to grow in the future (Bass et
al., 2020). This can be achieved through a well-organised
and efficiently operating Ukrainian seed industry.

The development of the seed industry and related
problems of providing agriculture with highly productive
seeds and planting material, the issues of increasing the
efficiency of seed production and forming strategic direc-
tions for its development have been discussed and clari-
fied in the research of many Ukrainian and foreign scien-
tists. The development of Ukrainian agriculture is largely
dependent on the supply of high-quality seeds for high
yields. All other production factors also depend on the
quality of seed material. For instance, J. Singh et al. (2019)
estimated that the contribution of quality seeds alone to
total crop-dependent production is estimated to be 15-
20% and that this figure can be increased to 45% if other
inputs are managed effectively.

K. Deconinck (2019) and P. Singh (2021) argue for the
need to build a seed production system that will be the ba-
sis for food security. A seed system includes technological,
organisational, market and non-market institutions that
provide access to quality seed. D. Nabuuma et al. (2022)
analysed the importance of seed system interventions in
the food supply of low- and middle-income countries. The
researchers recognise that food producers and consumers
are often uninformed about the availability of seeds and
other agricultural inputs. Therefore, the extent to which
seeds, and seed systems directly or indirectly contribute
to improved nutrition has not been proven or determined.

To meet the needs of agricultural producers with up-
dated crop varieties, the seed system should take meas-
ures including plant breeding and variety development
programmes to provide agricultural producers with
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quality seeds. S. Gairhe et al. (2021), in an analysis of the
cultivation and marketing of maize seeds, concluded that
it is necessary to provide state support to farmers in the
innovation of their technologies for commercial seed pro-
duction. The limited availability of investment resources
for small farmers and other value chain actors is a major
constraint in the seed industry.

D.A. Vermunt et al. (2022) study the place of seed sys-
tems in the provision of seeds. This group of scientists
considers seed systems to be market and non-market in-
stitutions for providing farmers with conditioned seeds,
technologies, organisational structures, etc. The seed sys-
tem is regulated through plant breeding and propagation
methodologies, official regulation, certification, and laws
and regulations. Due to the high price, small agricultur-
al producers usually do not use high-quality conditioned
seeds. On the contrary, large and medium-sized enterpris-
es are users of conditioned seeds as natural capital (Mat-
tana et al., 2022).

The importance of seed production in the develop-
ment of agricultural science was also studied by Ukrainian
scientists O. Zakharchuk et al. (2019). The study included
a retrospective analysis of the formation of seed produc-
tion in Ukraine and an analysis of the current state and
prospective ways of its development; organisation of mar-
ket infrastructure and determination of the patterns of its
effective functioning; highlighting problems and devel-
oping measures to improve the commercial circulation of
seed material based on foreign experience, as well as the
introduction of fees for the use of seeds as an object of in-
tellectual property.

The current development of the seed industry is ham-
pered by the following problems: the prevalence of foreign
varieties in the seed market, the low level of state support
for seed production and its further reduction, the lack
of certified seeds from agricultural producers, etc. Their
solution will have a positive impact on the level of supply
of seeds of Ukrainian varieties to agricultural enterpris-
es, the development of the export potential of the seed
industry, primarily oilseeds and grains, and the inflow of
investments that will ensure high and stable development
of Ukrainian seed breeding and seed production. All these
problems require a comprehensive study and analysis
and the development of effective ways to solve them. The
study aimed to comprehensively analyse the level of in-
vestment and innovation support for seed production, to
develop ways to improve the efficiency of the industry and
to make practical proposals aimed at protecting the intel-
lectual rights of breeders and variety owners concerning
royalties and breeding payments.

»Materials and methods

The main methods used in the study of the production
cost of Ukrainian-conditioned seeds were the dialectical
method and the systematic approach. Monographic (to
present the opinions of scientists on the issue, to study
the current state of seed production of cereals, legumes
and oilseeds); economic and statistical (Yang, 2022) (to
analyse the structure of costs to produce crop produc-
tion), tabular and graphical (to visualise the results of
the study) were also used. At the same time, empirical
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(McEwan, 2010) (to consider the experience of other coun-
tries in protecting intellectual property rights to plant va-
rieties, collecting royalties and breeding payments and
implementing their experience in their practice); compar-
ative analysis (to identify the most significant problems of
Ukrainian seed production); analytical forecasting meth-
od (Masayuki, 2022) (to determine the potential amount of
royalties and breeding payments from the use of certified
seeds by Ukrainian farmers); abstract and logical (to sum-
marise the results of the study and formulate conclusions).

Seed production is a logical extension of breeding.
The use of breeding techniques is necessary in some seed
production technologies, for example, for cereals. There-
fore, varietal resources were assessed and analysed. The
improvement in the qualitative and quantitative compo-
sition of plant varieties of Ukrainian breeding, which are
recognised as suitable for cultivation, has been recognised
by experts of the World Intellectual Property Organisation.
Indicators calculated according to the Ukrainian Institute
of Plant Variety Expertise (n.d.) indicate the quality of na-
tional varietal resources.

The production of varietal seeds is the basis for the de-
velopment of the agricultural sector. The study firstly an-
alysed the structure of the cost of seed production, which
includes seeds for sowing for further reproduction, seed
insurance fund, wages, salaries, payroll, fuel, fertilisers,
plant protection products, routine maintenance, depre-
ciation, and seed processing costs. Production costs and
value-added cannot be considered separately. These two
values are interrelated and determine the selling price of
conditioned seeds. Toassess theintensity of changesin pro-
duction losses over time, time series indicators were used.

The analysis of the seed production of conditioned
seeds, in addition to studying the structure of production
costs and added value, is complemented by the study of
such indicators as the sown area, production volumes
of certified seeds of the most common crops of Ukraini-
an and foreign selection, calculation of potential royalty
and breeding payments. The system of indicators is built
based on an attribute assessment using descriptive statis-
tics and statistical analysis methods. The study analysed
the production of additional basic and certified seeds by
different categories of producers and built a scheme to
produce seeds of different categories by the institutions
of the National Academy of Agrarian Sciences of Ukraine
(NAAS) network.

The mechanism for managing the market for condi-
tioned seeds involves the development and implementa-
tion of mandatory breeding payments and royalties. Given
the lack of experience in protecting intellectual property
rights, the experience of other countries was used and
adapted to Ukrainian realities. Based on this, the potential
number of payments that can be further directed to the
development of breeding science was calculated.

To deepen the study, the research analysed the con-
ditions of seed production and bringing it to consumer
conditions by different categories of processors in Ukraine
and the world, from its sale after harvesting the seed ma-
terial to its sale on the market. For this purpose, the chain
analysis method was used (Depro & Rouse, 2022). The
analysis used data from Euroseeds (n.d.), the Nation-
al Academy of Agrarian Sciences of Ukraine (n.d.) and
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private producers and provided a new vision of the for-
mation of the final standard price of conditioned seeds,
incorporating the costs of all links in the value chain and
the profit received.

Therefore, the stages of the study are: generalisation of
research on seed production, assessment of seed produc-
tion in the dynamics of national and foreign enterprises,
determination of the share of seeds of Ukrainian selection
in the total volume, calculation of their cost and recom-
mendations for improving the state of Ukrainian seed pro-
duction by spreading the practice of introducing royalty
and selection payments to strengthen the innovation and
investment potential of the industry and strengthening
export potential. Calculations are based on data from the
State Statistics Service of Ukraine (2023; 2024), the Minis-
try of Agrarian Policy and Food of Ukraine (2024a), and the
Ukrainian Institute of Plant Variety Expertise (n.d.).

» Results and discussion

The production of conditioned seeds is a key prerequisite
not only for the renewal of crop production but also for in-
creasing crop yields. The efficiency of agricultural produc-
tion is significantly affected by the quality of the varieties
and hybrids sown. Therefore, it is necessary to create in-
novative high-quality varietal resources and use the most
effective ones. The main objectives of the seed industry
are to increase the number of crop varieties and hybrids to
meet the maximum social needs; increase their yields; im-
prove the quality characteristics of agricultural products;
and use simplified growing and harvesting technologies.
In the breeding process, the above-mentioned areas of
crop improvement are addressed systematically, and opti-
misation of the value chain of seed production in Ukraine,
including proposals for the main areas of investment in
the development of breeding seed production, will allow
for more efficient operations.

In the period 1990-2024, plant breeding and seed
commercialisation gained significance at the global lev-
el. Crop breeding has become a priority activity of global
multinational corporations focused on the production of
conditioned seeds, which has led to conflicts, disputes
and lobbying for the protection of intellectual property
rights in seeds. The high complexity of assessing the ad-
vantages and disadvantages of different regimes for the
protection of intellectual property rights in the seed sec-
tor has led to a decrease in attention to them. A proper
and balanced approach to assessing this important issue
involves removing political obstacles, ranging from com-
paring the appropriateness of patents and special forms
of intellectual property protection as a factor in stimu-
lating innovation to ethical and moral aspects (Campi &
Nuvolari, 2015).

During the same period, the seed industry also
grew steadily. Several changes occurred: improved mar-
ket organisation, increased contract trading, increased
mechanisation of agriculture, easier access to credit, in-
creased exports, use of plant protection products, min-
eral fertilisers and high-yielding seeds, and the growing
importance of private business in processing, branding,
marketing and other activities. The government has tak-
en many progressive and reformist steps to increase the
importance of the seed sector in the country’s economy.




The Ukrainian seed system operates in a highly compet-
itive market environment and is aimed at increasing ag-
ricultural production and ensuring food security (Novik-
ov et al., 2021). The main activities of the system are the
breeding and multiplication of Ukrainian varieties, import
and multiplication of foreign varieties, variety testing and
registration, issuance of certificates for seed products, etc.
(Table 1). The first subsystem is aimed at ensuring the in-
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novative development of seed production and the crea-
tion of new plant varieties; the second subsystem provides
state qualification expertise; the third subsystem ensures
the production and propagation of certified seeds; and the
fourth subsystem is responsible for variety certification
and monitoring compliance with seed production stand-
ards. All system entities are directly subordinated to the
Ministry of Agrarian Policy of Ukraine.

Seed production subsystem

Innovative development of
seed production and breeding

Table 1. Structure and functions of the system
of conditioned seed production of grains, oilseeds and pulses in Ukraine

Subjects

Research institutes and breeding research
stations, breeders — authors of varieties,

Functions and objectives

Development of new varieties based on
innovative technologies and their primary

patent holders propagation
State qualification Ukrainian Institute for Plant Variety Testing, expert evaluation and registration
examination of plant varieties Examination (UIPVE) and its branches of varieties

Production and propagation
of agricultural plant varieties

Research institutes, experimental stations
and farms of educational institutions, private
enterprises registered in the State Register as

Production of supplementary, basic and
certified seeds

producers of seeds and planting material

Varietal certification and
control over seed production

Authorised state and private enterprises

Direct field inspections, seed quality checks,
certification of farms and monitoring of
compliance with production standards

Source: developed by the authors

The need to create sustainable high-yielding hybrids
adapted to the soil, terrain and climate conditions of a
particular area is driven by modern demands. However,
not all farmers are ready to experiment and prefer to buy
old, time-tested hybrids. Solving the problems associated
with low variety adoption and slow turnover requires new
knowledge about the impact of individual demand factors
in the seed value chain to determine the conditions for
farmers to make the best decision when purchasing seeds,
as well as to identify marketing risks inherent in new prod-
ucts by seed producers and sellers. P. Rutsaert et al. (2024)
emphasise that the source of information on the effective-
ness of a new hybrid or variety is the results of farmers’
experiments with them, and that closer interaction be-
tween agricultural enterprises on the one hand and seed
producers and sellers on the other is needed to intensify
these experiments.

To prevent financial losses due to insufficient or ex-
cessive seed production, producers must respond quickly
to changes in demand and constantly monitor their state.
The production planning process is based on information
about the timing of sowing, the area under crops, the de-
mand for seeds, the dynamics and future trends, and the
government support programmes that producers can
participate in. Sources of information can include offic-

es of agricultural producers, trade organisations, internet
searches, seed centres, etc. (Qadir et al., 2024).

Seed producers need to be aware of the state of de-
mand for seed products. Over- or under-production can
have serious financial consequences for seed producers.
Information on seed demand is crucial for producers
when planning seed production. To plant seed production,
they need to obtain information on the area under culti-
vation, the sowing season, seed demand (variety, quantity,
location and time) in previous and subsequent years and
government programmes. They can obtain this informa-
tion from a variety of sources, including private search,
agricultural offices, agricultural shops, SCAs (e.g. Badan
Pengawasan dan Sertifikasi Benih [Seed Control and Cer-
tification Bureau]) and seed centres (Qadir et al., 2024).

Indicators characterising the state of seed production
of major crops (cereals, oilseeds) in Ukraine are shown
in Table 2. These include: the equivalent value of seeds —
about 70.0 billion UAH; seed turnover — 55.0 billion UAH;
seed production — 2.3-2.5 million tonnes; about 50 seed
plants and 500 seed producers; the number of varieties
and hybrids — approximately 5.0 thousand; the number
of varieties for which primary seed production is carried
out — only 3.2 thousand varieties Ministry of Agrarian Pol-
icy and Food of Ukraine (2024a).

Table 2. Indicators of functioning and development
of Ukrainian seed production of grains, pulses and oilseeds in Ukraine as of 01.01.2024

Metric Value
Seed value, billion UAH 69.5
Seed turnover in Ukraine, billion UAH 55.0
Annual investments, billion UAH up to 10.0
Production volume, thousand tonnes ~ 2,400
Seed production entities, units ~ 500
Seed plants, units ~50
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Table 2, Continued

Metric Value

Varieties and hybrids, units 5,000

Primary seed production (management), units 3,200

Export, million USD (seeds exported) 77.0

Import, million USD (seeds imported) 350.0

Royalties paid annually, million UAH 80-100

Potential royalty value of nationally bred varieties, million UAH 900.0
The potential value of breeding payments, million UAH 700-750

Source: calculated by the authors

Seeds of grains, pulses and oilseeds account for a sig-
nificant share of about 10-12% in the structure of costs
to produce grains, pulses and oilseeds (Table 3). In 2015-
2023, agricultural producers’ expenditures on seeds in
value terms increased more than tenfold compared to
2010. In 2023, the cost of seeds increased to 55.0 billion
UAH, which corresponds to the growth rate of total costs
per hectare of arable land over these years. Total expendi-
tures also increased by more than 10.6 times. In the ana-
lysed period, several factors contributed to the growth of
seed costs. Firstly, the seed industry was undergoing in-
tensification, which resulted in a simultaneous increase
in the costs of producing seed and its quality. Secondly,

prices for inputs included in the cost of seeds increased,
and thirdly, the share of purchased seeds in the total vol-
ume of seeds increased. Agricultural producers value
their seeds at cost, while purchased seeds are valued at
the purchase price. At a time when the seed industry is
becoming more specialised, the share of seed used by ag-
ricultural enterprises is increasing, it is taking on a com-
modity form, and the calculation of seed costs at average
cost does not meet the requirements of seed production
development. In such circumstances, the reporting ma-
terials of agricultural enterprises cannot be an objective
basis for comparing production efficiency when using
owned and purchased seeds.

Table 3. Dynamics of costs of production of grains, pulses and oilseeds and the place of seeds in 2010-2023

Year
Expenditure 2010 2015 2020 2023
billion UAH %  billion UAH % billion UAH % billion UAH %
Salary 4.3 8.6 7.9 5.1 18.1 6.5 38.0 7.1
Contributions to social activities 1.5 3.0 2.8 1.8 4.0 1.4 8.4 1.6
Seeds 6.1 12.2 18.4 11.8 27.4 9.8 55.0 10.3
Mineral fertilisers 8.1 16.1 29.1 18.6 45.9 16.5 142.3 26.8
Petroleum products 6.7 13.3 18.3 11.7 22.2 8.0 64.8 12.2
Current repairs 3.0 6.0 10.8 6.9 14.7 5.3 17.7 3.3
Amortisation 3.0 6.0 7.5 4.8 24.6 8.8 53.3 10.0
Payment for services and works 8.1 16.1 30.0 19.2 24.0 8.6 12.6 2.3
Other expenses 9.4 18.7 31.5 20.1 98.1 35.1 140.9 26.4
Total 50.2 100.0 156.3 100.0 279.0 100.0 533.0 100.0

Source: calculated by the authors and data of the State Statistics Service of Ukraine (2021)

The economic efficiency of seed production direct-
ly depends on the costs incurred for breeding activities.
Objectively speaking, the production of additional seeds
for all crops is quite costly. At the same time, additional
seeds have the best yield potential, as they contain all
the valuable genetic properties of the variety. Therefore,
the price of additional seeds of cereals, pulses and oil-
seeds is formed considering the valuation of intellectual

property rights. The costs of producing additional seeds in
scientific breeding institutions include all material costs
to ensure the necessary organisational and technological
conditions for breeding activities. Using the example of
the Sinelnykivska breeding and research station, the for-
mation of the standard cost of seeds of spiked cereals can
be analysed by stages of production of additional catego-
ries in 2023 (Table 4).

Table 4. Calculation of the standard cost of conditioned grain seeds*, 2023

Nursery for

Nursery

Nursery

Metric Meas:rl;(ietm ent the selection  for testing for testing P;(:ﬂt;iatul)n P;(:ﬁa;iatuzm
of elite plants  offspring 1 offspring 2 y y
Area hectare - 0.1 0.2 1.2 8
Gross yield kg 3,000 elite 200 800 4,800 32,000
plants
Seed yield kg 80 400 3,000 20,000
Used: 1,000 elite
for the insurance fund kg plants 40 200 1,500 )
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Table 4, Continued

Metric Meas:ll:ietment the selection  for testing for testing P;(:ﬂzgatulm P;(:ﬂ:gatlgn
of elite plants  offspring 1 offspring 2 y y
for sowing (further 1,000 elite 400 families,
reproduction) kg plants 40 kg 200 1,500 )
Seeds UAH 0 11,864 17,185 18,960 32,010
Remuneration and social UAH 11,864 20,740 16,758 22,399 34,014
contributions
Fuels and lubricants UAH 0 747 1,494 3,984 26,560
Fertiliser application UAH 0 1,200 2,400 14,400 96,000
Plant protection products UAH 0 0 620 3,720 24,800
Current repairs UAH 0 200 400 2,400 16,000
Depreciation and UAH 0 120 260 1,560 9,800
amortisation expense
Refinement of seeds UAH 0 0 0 7,680 38,600
Total expenses UAH 11,864 34,870 39,117 75,103 239,184
including seeds UAH 11,864 34,371 37,917 69,703 203,184
Production cost of UAH x 429.64 94.80 23.23 10.16
seeds, kg
Costs for certification of UAH « « » » 041
1 kg of seeds
Production cost of 1 kg of
additional seeds, total UAH % % x x 10.57

Notes: * — in the units of the National Academy of Agrarian Sciences of Ukraine; x — data is not calculated
Source: data from the National Academy of Agrarian Sciences of Ukraine (n.d.)

State-owned research and breeding institutions that
produce pre-basic seeds require significant amounts of
funding. However, even the state budget funds cover no
more than half of the costs of state breeding institutions.
For instance, in 2023, the cost of producing 1 kg of seeds of
the first generation of cereal crops at the Synelnykivska Se-
lection and Research Station was 429.64 UAH. The struc-
ture of material costs changes according to the techno-
logical processes at different stages of production. At the
same time, the output increases each year, so the cost per
unit of production decreases significantly as gross costs
increases. For instance, according to experts, the cost of
producing 1 kg of seeds in the second year of propaga-
tion was 10.16 UAH. Additional costs are also incurred for
seed certification, which involves seed control, including
field inspection, sowing quality control, and soil (varietal)
control. Per 1 kg of additional seed, these costs amounted
to another 41 kopecks, or almost 4.0% of total seed pro-
duction costs (Table 3). The primary task for the future is
to increase solvency at the key links (initial and final) of
the seed distribution chain from breeders to agricultural
producers. This is a short-term task. Further, an increase
in the supply of seeds without an increase in demand will
increase carry-over stocks and lower prices on the domes-
tic market. Only after the gradual resolution of the issue of
increasing demand for seeds will it be possible to reorient
the market management mechanism to increase the sup-
ply of seeds, reduce their cost, improve their quality and
range, and control price declines. To do this, it is necessary
to create a full-fledged infrastructure of the plant variety
market, the elements of which would harmoniously and
efficiently cooperate in the production and sale of seeds.

A. Qadir et al (2024) identified a correlation be-
tween seed producers, their production and production

capacity, and institutional categories. The authors view
the solution to production problems as promoting in-
teragency coordination and network research related to
testing and breeding new varieties and hybrids and devel-
oping seed production infrastructure to meet the ever-in-
creasing demand. The sustainable agriculture system has
four components: breeding of new varieties and technolo-
gies; production of new varieties of seeds and their distri-
bution; certification of new varieties of seeds and quality
control; and supporting components of the system such
as legal regulation, financing, human resources, etc.

The institutional framework for the protection of in-
tellectual property rights in the seed industry was studied
by B. Charnley & G. Radick (2013). The authors insist on
the settlement of disputes over the use of new varieties
and their ownership between breeders and unscrupulous
seed users. The scientists believed that it was unfair to
consumers who threatened the profitability of new vari-
eties. This issue has not lost its relevance for more than
a century. Since 1900, scientists have been studying in-
stitutional mechanisms to protect the rights of breeders.
In this regard, global legislation and/or patent practice is
being revised due to challenges from agriculture, science
and business. Protection of plant-related objects can be
carried out by patenting a plant variety, patenting a utility
model or patenting a plant (USA). Since utility model pat-
enting does not provide the same protection as plant varie-
ty patenting, it is much more complicated. Such patenting
is used in countries where patents are granted for higher
forms of life and experimental support for it should be at a
much higher level. At the same time, the scope of protec-
tion is gradually narrowing (Sechley & Schroeder, 2002).

Proposals for improving the Ukrainian seed industry
by 2030:

Ekonomika APK. 2025. Vol. 32, No. 1
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Proposal 1. The efficiency of the seed industry will be
enhanced by the creation of regional (oblast) seed produc-
tion systems that will be focused on meeting the existing
needs of agricultural producers, considering expected
changes in the future. In this regard, it is necessary to cre-
ate three organisational elements of the seed production
system — a seed breeding centre, a seed enterprise and a
regional association of seed producers.

As of 1 January 2024, there were 126 seed plants and
seed facilities in Ukraine, including 46 seed plants (Minis-
try of Agrarian Policy and Food of Ukraine, 2024a). There-
fore, each region can operate under the above scheme. At
the same time, seed producers will be able to receive vari-
etal seeds that have been cleaned, calibrated, treated and
packaged following international requirements. This will
allow Ukraine to create new opportunities to enter the in-
ternational market, namely the European market, which
is the most attractive and expensive.

The stability of the supply of seeds to agricultural en-
terprises is a key to national food security. Seed producers

Wages, events Seeds

468.3 UAH (7.7%)

Other
expenditures,
888 UAH (17.7%)

Fuel and energy
1,257.2 UAH (20.7%)

Plant protection chemicals
500 UAH (8.2%)

Deprecation
533 UAH (8.8%)

and seed distributors play a crucial role in developing the
seed production system, ensuring demand and increasing
the supply of seeds, by introducing many varieties and hy-
brids into circulation and delivering seeds to consumers.
The total volume of the seed market is measured by the
number of seed available, its accessibility to consumers,
and its price. Access to quality seeds is determined by the
ability of agricultural enterprises to obtain them from offi-
cial and unofficial sources. The availability of quality seeds
is limited by low supply, high price and insufficient buy-
er’s ability to pay. The criteria for accessibility of seeds for
agricultural enterprises are the following indicators: the
volume of production demand for seeds, ease of purchase
and price adequate to the enterprise’s capabilities.

To form the price of grain seeds and ensure the full
functioning of the market environment, itis possible to cal-
culate the standard cost, purchase price for the plant and
selling price of 1 tonne of winter wheat seeds with the in-
volvement of farmers in the region (Fig. 1). The calculation
methodologyis universal for cereals, legumes and oilseeds.

560 UAH (9.2%)

The production cost of seeds —
6,082.5 UAH/t

Total cost of seeds —
6,311.1 UAH/t

The purchase price of seeds
for the plant —8,181.5 UAH/t

Fertiliser Selling price of seeds -

1,686 UAH (27.7%) 14,000 UAH/t

Figure 1. The structure of the standard cost and price of 1 tonne of winter wheat seeds for farmers,
the purchase price for the plant and the selling price for agricultural producers as of 01.10.2023

Source: calculated by the authors

Strategic areas of development aimed at meeting
the needs of agricultural production should include: the
development of regional variety selection for specific
natural conditions; ensuring the growth of the human
resources of research institutions; balancing supply and
demand using economic levers; and ensuring commer-
cialisation and profitability of seed production. In devel-
oping countries, the share of seed products in the com-
mercial seed market is quite small and often meets no
more than 10% of the needs of agricultural enterprises
(Qadir et al., 2024).

At the current stage of seed production development,
several issues of agronomic, technical and technological,
socio-economic origin, etc., significantly addressed the
volume of seed production and sales. In the process of
creating and distributing seed value, the main ones are
the lack of a well-developed national policy for the de-
velopment of the industry and the formation of seed pro-
ducers’ income; low productivity of seed production and
limited business access; limited horizontal links between
actors and access to foreign markets.
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A. Fugeray-Scarbel & S. Lemarié (2024) analysed the
drivers of new variety development and marketing. The
authors analysed all links in the value chain from breed-
ing a new variety to the production of finished crops and
their further processing. A comparison is made between
the most common and minor crops — wheat and peas.
Comparison of crops with different market sizes was used
to track each link of value creation in the production and
sales process through the impact of this parameter on
each of the actors (breeding institutions, seed traders, ag-
ricultural enterprises, elevators and the processing indus-
try). The influence of market size on the strategy of each of
the actors involved in value creation is determined, which
necessitates the inclusion of a mechanism of self-rein-
forcement through interaction between them.

Seed producers should retain a certain portion of the
profit from the sale of seeds after harvesting, and send
the seeds to processing companies that process, treat and
package them. Royalties that will be paid in the future to the
owner of the variety in the total costs of the seed plant were
also included. The proposed scheme is shown in Figure 2.
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40% 10% 10% 5% 20% 15% 100%
. Seed
. ﬁjleamn and E\nal sis and ( (
ESA Productlon} treﬁne nfem [reatment_ and t Cg'mrol t Logistics LRoyalties Seedyield
packaging
79% 9% 9% 3% 100%
NAAS Production Clea}ning and Dressing.and Analysis and Seed yield
refinement packaging control
10.57 UAH/kg 1.2 UAH/kg 1.25 UAH/kg 0.41 UAH/kg 13.43 UAH/kg
68% 10% 19% 3% 100%
. Seed .
Production Cle'c?nmg and treatment and Analysis and Seedyield
PSE refinement . control
packaging
8.16 UAH/kg 1.2 UAH/kg 2.29 UAH/kg 0.41 UAH/kg 12.06 UAH/kg
60% 9% 9% 3% 12% 7% 100%
i Seed treat t (Anal sis and ‘
Proposal Productionw ﬁleanlng anﬂ ﬁe e kains cgntrol

;. refining (seed % and packaging
(farms) JL plants) J L(seedplants)

L(certiﬁcation)

‘ Logistics LRoyaltieS LSeedyield

8.18 UAH/kg 1.2 UAH/kg 1.25 UAH/kg

0.41 UAH/kg

1.62UAH/kg 1.20 UAH/kg 13.68 UAH/kg

Figure 2. Actual and proposed value chains of conditioned seed production in Ukraine and the world
Notes: NAAS — National Academy of Agrarian Sciences of Ukraine; ESA — European Seed Association; PSE — private seed

enterprise
Source: calculated by the authors

This will ensure the transition of seed production in
Ukraine from artisanal to a more professional level. The
use of the successful experience of European countries
(Lazarieva, 2022) in supporting seed production will in-
crease the solvency of producers and consumers of con-
ditioned seeds at all stages of their marketing; develop a
mechanism for managing the seed market to increase the
supply of conditioned seeds, reduce their price, improve
their quality and range; attract a significant number of
farms to produce nationally selected seeds in different cli-
matic zones of Ukraine; create regional (oblast) seed pro-
duction systems, which should include a seed breeding
centre, seed plant, and regional union of seed producers.

Royalties 15%

Proposal 2. Given the limited budgetary funding
and protection of the interests of Ukrainian breeding
centres and breeders, it should be mandatory to make
royalty and breeding payments as the main investment
component of further development of seed production
of cereals, legumes and oilseeds. Based on its research,
the European Seed Association (Euroseeds, n.d.) iden-
tifies royalties as a component of the main costs of
selling conditioned seeds in the amount of 15% of to-
tal costs (Fig. 3). The other components are seed pro-
duction costs — 40%, cleaning, processing, treatment
and packaging — 20%, logistics — 20% and analysis and
control - 5%.

Seed production

costs 40%
Logistics, etc.
20%
Analysis and quality
control 5% Cleani
Seed treatment and re(feierllrililngl 0%
and packaging 10% §107

Figure 3. Cost components in the cost of conditioned seeds
Source: created by the authors based on The voice of the European Seed Sector (n.d.)
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Analysing the main components of the cost of creat-
ing conditioned seeds, it is possible to note that the cost
of seed production is only 40% of the total cost, the rest
is added value. N. Kalaitzandonakes & A. Magnier (2013),
E. Gimon et al. (2013), and Y.A. Yigezu et al. (2018) argue
that the genesis of national seed systems is hampered by
global challenges. Multinational companies have contrib-
uted to the monopolisation of the seed market by impos-
ing excessive licence fees and controlling food resources
at the global level. The result is overcharging farmers and
having devastated environmental impacts on agriculture.
The private seed companies that dominate the seed mar-
ket are changing the goals of breeding programmes and
setting new market trends. Their research in breeding ac-
tivities is innovatively aimed at creating seed traits that
would maximise their profits. This is primarily the crea-
tion of hybrids of profitable crops, such as vegetables.

Seed production is a highly profitable industry. There-
fore, significant amounts of private investment are chan-
nelled into the seed business every year. According to the

Ministry of Agrarian Policy and Food of Ukraine (2024b), it
is projected that the value of seeds will increase from 2.7
to 4.2 billion USD in 10 years. The average cost of seed in
Ukraine will increase to 110 USD per hectare over this pe-
riod, or 35% from the level of 2023 (80 USD per hectare).
The construction of new seed plants alone is expected to
attract 84.0 million USD of investment resources annually.
According to the authors of the study, investment sup-
port for seed production of cereals, legumes and oilseeds
is up to 10.0 billion UAH, or approximately 300.0 million
USD annually (Table 1). Potential royalty and breeding
payments are presented in Tables 5 and 6. Annual pay-
ments for varieties of Ukrainian breeding amount to 80-
100 million UAH, with a potential royalty of 5.2 billion
UAH, of which about 800 million UAH from the use of
seeds of Ukrainian breeding, which could be used for the
development of breeding and the use of new varieties and
hybrids. Therefore, annually, Ukrainian crop producers
pay about 5.0 billion UAH to support and invest in foreign
science that produces varieties of domestic selection.

Table 5. The cost of conditioned seeds and royalty calculation in Ukraine in 2013

Cultures Seeds produced, Costofseeds, Areaplanted, Royaltil;z::il:oThUAHﬁ Royalties per 1 ha
thousand tonnes million UAH thousand ha total " .g OS¢ .om of crops, UAH
Ukrainian breeding
winter wheat 78.8 1182 394 118.2 56.9 300

spring barley 10.7 149.8 59.4 14.98 5.3 252.1
winter barley 12.2 170.8 67.8 17.08 3.5 252.1
corn 103 22,660 4,923.6 3,399 611.8 690.3
winter rye 5.9 82.6 32.8 8.26 1.0 252.1
buckwheat 0.7 28 8.8 2.8 2.8 320.0
millet 0.6 21 12 2.1 2.1 175.0
oats 0.9 12.6 5.0 1.26 1.3 250.7
triticale 0.4 5.6 2.2 0.56 0.6 252.5
spring wheat 5.3 74.2 26.5 7.42 1.7 280.0
peas 6.1 122 20.3 12.2 2.0 600.0

Total cereals 224.6 24,508.6 5,552.4 3,583.9 688.9 X
soy 22.6 678 188.4 67.8 4.5 359.9
winter rape 5.1 1,530 1,020 229.5 22.5 225.0
sunflower 35.7 8,925 5,100.0 1,338.75 89.7 262.5

Total oilseeds 63.4 11,133 6,308.3 1,636.1 116.7 X

Total 288 35,641.6 11,860.7 5,219.9 805.5 X

Notes: x — data is not calculated
Source: calculated by the authors based on data from the Ministry of Agrarian Policy and Food of Ukraine (2024a)

Table 6. Amounts of royalties and breeding payments for grains,
oilseeds and pulses (based on the example of 2023 sowing) in Ukraine

q Breeding payments per The area where selection  The potential annual
Royalties per 1 ha q
Cultures of crops. UAH 1 ha of crops, payments can be made, amount of selection
B UAH (50% of royalties) thousand hectares payments, million UAH
winter wheat 300.0 150.0 2,971.1 445.7

spring barley 252.1 126.1 198.7 25.0
winter barley 252.1 126.1 366.6 46.2
winter rye 252.1 126.1 5.9 0.7
buckwheat 320.0 160.0 106.9 17.1
millet 175.0 87.5 66.9 5.9
oats 250.7 125.4 474 5.9
triticale 252.5 126.3 3.2 0.4
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Table 6, Continued

q Breeding payments per The area where selection  The potential annual
Royalties per 1 ha q
Cultures of crons. UAH 1 ha of crops, payments can be made, amount of selection
PS) UAH (50% of royalties) thousand hectares payments, million UAH
spring wheat 280.0 140.0 112.7 15.8
peas 600.0 300.0 117.9 35.4
soy 359.9 180.0 1,475.2 265.5
Total X X 5,472.5 863.6

Notes: x — data is not calculated

Source: calculated by the authors according to the Ministry of Agrarian Policy and Food of Ukraine (2024), State Statistics

Service of Ukraine (2024)

In addition, the transition to breeding payments
could additionally provide Ukrainian breeders with over
700 million UAH, even if breeding payments are no more
than 50% of the royalty value. Comparing France, Germa-
ny and Ukraine — countries with similar crop areas - the
amount of royalties paid is very different. Annually, 125
million euros are paid in royalties and breeding fees in
France, 65 million euros in Germany, and only 2.5-3 mil-
lion euros in Ukraine (Zakharchuk et al., 2024). Compared
to European countries, royalty and breeding payments in
Ukraine are virtually non-existent and payments for intel-
lectual property protection are several times lower.

There are no state programmes to support the devel-
opment of Ukrainian breeding and seed production of
cereals, pulses and oilseeds. State programmes to finance
plant breeding were in place only until 2011. In 2018-2019,
the Programme “Partial compensation (80%) of the cost
of seeds of agricultural plants of Ukrainian breeding pur-
chased from seed producers of the basic, certified cate-
gory (excluding VAT, but not more than 80 thousand UAH
per farm)” was in effect but was cancelled by Resolution
of the Cabinet of Ministers of Ukraine No. 106 (2018). This
may lead to a reduction in the share of Ukrainian varie-
ties on the seed market. Nevertheless, there is a need to
improve the process of collecting licence fees, depending
on the actual consumption of seeds under licence and
sublicence agreements and breeding fees for Farm Saved
Seed - seeds for in-house use.

Using the Canadian (French) mode of collecting
breeding fees (per tonne of marketable grain sold), the
Polish or German scheme (per 1 ha of marketable crops)
as a basis, in any case, revenues to breeders and breeding
institutions could amount to between 0.7 and 1.0 billion
UAH. At the same time, each owner of a variety should
be guaranteed protection of its intellectual property. For
this purpose, agricultural producers need to declare va-
rietal production crops, register licensing agreements
and collect royalties, and control, form and maintain a
database of seed and commercial crops by varieties and
hybrids. This will help to increase the flow of investment
resources to produce new high-yielding varieties of
Ukrainian breeding.

For the restoration of Ukrainian breeding and the fu-
ture, including proposals for optimising the value chain of
seed production in Ukraine and the main areas of invest-
ment in the development of breeding seed cultivation/
production, it is necessary to improve the technical and
technological support of breeders and scientific breed-
ing institutions, develop recommendations on modern

technologies for growing seeds in different natural and
climatic zones of the country; improve the legal and or-
ganisational aspects of the activities of NAAS research in-
stitutions based on public-private partnership; gradually
adapt Ukrainian seed production to global requirements
for seed production and certification, join all OECD seed
modes; strengthen the export potential of Ukrainian seeds
of national selection, increase their competitiveness and
eliminate bureaucratic and logistical barriers to the sup-
ply of seeds to the global market.

»Conclusions

The study substantiated that the creation of a sustaina-
ble investment and innovation seed system is necessary
to create new varieties of crops to meet the needs of agri-
cultural enterprises. The study determined that 496 seed
production entities operate in the Ukrainian seed system,
including 46 seed plants. In 2023, the register contained
5,000 seed varieties and hybrids, and only 3,200 of them
were used for primary seed production. The volume of
seed imports in terms of value is 4.5 times higher than ex-
ports and in 2023 amounted to 350 million USD.

The calculations confirmed that in the structure of the
standard cost of seeds of additional categories, the largest
share is accounted for by mineral fertilisers (22.8%), fu-
els and lubricants (20.1%), rent for the use of land plots
(10.8%), seed material (9.2%) and depreciation of fixed
production assets (8.8%). It is proved that in the structure
of the value added of conditioned seeds, the largest share
is made up of seeds that come from the enterprises that
grow them for processing. For enterprises that are mem-
bers of the European Seed Association (EU countries),
this share is 40%, institutions of the National Academy of
Agrarian Sciences — 79%, and private enterprises — is 68%,
according to the authors’ calculations, this share should
be optimally 60% for Ukraine. Other components of value
added are less significant in the final price and account
for 5-10% of the total value added. At present, neither the
institutions of the National Academy of Agrarian Sciences
nor private enterprises of Ukraine include royalties and
breeding payments in the total cost of conditioned seeds.

According to the calculations, the potential royalties
from the use of conditioned seeds of cereals, pulses and
oilseeds could amount to 5.8 billion UAH, including ap-
proximately 900 million UAH for Ukrainian varieties. The
estimated potential amount of breeding payments could
be over 700 million UAH. This is a substantial investment
that could become innovative in supporting Ukrain-
ian breeders. Ukraine could become one of the most
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innovative countries in the genetic, breeding and seed »Acknowledgements
sector with significant achievements in the protection of  None.

plant variety rights in terms of intellectual property, but

amore detailed review of these issues will require further ~ »Conflict of interest
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Baaum KoHppaTiok

AcnipaHT

HauioHanbHMIN HAYKOBUI LLEHTP «IHCTUTYT arpapHoi eKOHOMIK»
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» AHoTauia. Meroro crarti Oysia OIiHKa iHBECTHIIMHO-IHHOBAI[ITHOTO 3a0eslevYeHHs1 HACIHHUIITBA, PO3pOOKa
3axofiB 3 MiABUIIEHHS e(eKTUBHOCTI I MPOIO3UILill 3aXUCTy IpaB ceJIeKI[ioOHepiB MO0 OTPUMAHHA POSJITHUX Ta
CeJIEKIIMHUX IIaTesKiB. Y JOCHiIKeHHI BUKOPUCTAHO MOHOTpadidHNii, eKOHOMIKO-CTaTUCTUYHUM, TaOJIUYHUN Ta
rpagivyHuii, eMnipuyHui, NOPiBHAJBHUM aHasi3, IPOrHO3yBaHHs, aOCTPAaKTHO-JOTiYHUN MeToau. Y pesysbrarax
CTaTTi pO3WISAHYTO opraHisdauiio i pyHKIiOHyBaHHA HAaCiHHEBOI raysi B YkpaiHi. Jloc/igkeHo OCHOBHi IOKa3HUKU
PO3BUTKY HaCiHHUIITBA 3€PHOBMX, 0000BUX Ta OJTIMHIX KYJIBTYD, BUSIBJIEHO BUIIEPEI)KAJIbHI TEMITH PO3BUTKY iMIIOPTY
HaJ, eKCIIOPTOM i, BiANOBiAHO, IMIIOPTHA HaA3a/IesKHICTh YKpaiHy, 10 IPU3BOIUTE A0 BPa3J/IMBOCTI HA CBITOBOMY
HaCiHHEBOMY PHWHKY. Y3arajJbHEHO AWHAMiKy BUTpPAT HA BUPOOHUIITBO HACIHHSA 3€pPHOBHX, OJIIMHUX Ta 0000BHUX
KYyJBTYp, PO3pPaxoBaHO HOPMAaTUBHY CcOOiBapTicTh HACIHHA MIIeHUIl. PO3p0o6/eH0 MPONOo3uIlil MO0 3aXUCTy IpaB
ceJIeKIIiOHePiB B YaCTUHI 3aXUCTy [IpaB iHTeJIeKTyaIbHOI BJIACHOCTI Ha COPTU POCJINH, BpaXOBYIOUH IIEpeJOBUH 10CBix
eBponelchbKUX KpaiH. [Io6ymoBaHO (haKTUYHI Ta 3aIIPOIIOHOBAHO BJIACHI JIAHIIIOTU JI0OIaHOI BapTOCTi BUPOOHUIITBA
KOHJUIIHHOTO HAacCiHHA B YKpaiHi. HaiiBaromimuMmu mokasHWKaMU 3pPOCTaHHS HACiHHUIITBA B YKpaiHi € o0cAT
niociBy (2300-2500 tuc T.), ekcrnioptT (77 MutH goJ1. CIIA), immopt (350 mutH os. CIIA). B cTpykTypi cobiBapTocTi BCix
BUPOOHUKIB HAUOI/IBIITY YaCTKY CTAHOBUTH BUPOOHUIITBO HACIHHSA, SIKe HAIXOAUTD Ha MiJIPUEMCTBO Ha TOPOOKY (40-
80 %, 3as1eskHO Bif kareropii BUpoOHUKIB). OOCAT cJIavy€HOr0 POSIITI IOPiYHO CTAHOBUTH B cepeaHboMY 90 MJTH I'DH.
IIpU NOTeHIiliHO MokIBoMY 900 MyH rpH. CesiekniiiHi mareski B YkpaiHi He criadyloThCsi B3araJii, Xodya MOIIH 6
CTaHOBUTHU 725,7 MJIH I'pH

» Kno4oBi cnoBa: koHuIliiiHe HACiHHST; COOIBapTiCTh; KOMepITiaslisarisi; CeJIEKIiHI yCTaHOBU; [OJaHa BaPTICTh;
OIITUMIi3allist
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