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Abstract

Using 10,625 valid patents registered among six countries and 6,949 plant varieties registered in 

Korea, we evaluated technology trends in the horticultural seed industry. The six patent indices 

were investigated to determine the technology stage, such as market capability, technological level, 

and technological development potential, for different types of crop seeds. In addition, a patent 

multilayer (PM) model was developed based on vacant technology, future growth, and entry 

barriers to predict the best directions for technology development. In Korea, seed technologies for 

horticultural crops have low growth potential, although they are at a mature developmental stage 

and do not have high market concentration. There is high market competitiveness and development 

potential for flower seed technologies, whereas technologies for fruit seeds are in a decreasing 

developmental stage.

Additional key words: horticulture crops, Korean patent strategy, patent index, patent multilayer 

model, plant variety

Introduction

Seed is a key factor determining the productivity and quality of agricultural products. The global 

seed market is predicted to grow by nearly $165 billion in 2020 because of economic growth in 

developing countries and expansion of the genetically modified-crop market (Shin, 2015). Seed 

production is emerging as a new growth industry (ISF, 2019), and seed industry was positioned to be 

a new growth engine in developed countries (Lianos et al., 2016; Fan et al., 2017). 

Seed-related intellectual property (IP) can be double protected through the patent system and the 

plant variety system. The patent system based on patent law provides a way for industries and 

governments to protect strategic assets for economic and technology development (Choi et al., 2014). 

The plant variety system based on the special law of the International Union for the Protection of New 

Varieties of Plants (UPOV) convention legally protects new varieties into which breeders put much 

effort and time (KSVS, 2019). Generally speaking, patents are the most important type of IP protection. 
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The well-defined patent index is used to evaluate specific technology levels, research trends, and international 

competitiveness (Kim et al., 2012; Yoon et al., 2012).

The horticultural seed industry has become the most important of all the seed sectors as public demand for fresh and safe 

gardening crops has increased along with a growing interest in the promotion of general well-being, health, and quality of 

life (Weinberger and Lumpkin, 2007; Hewett, 2012). Although grain seeds currently have the largest share of the 

commercial seed market, many existing patents deal with the use of horticultural plants because horticultural seed 

production is more profitable than seed production for food grain crops (Weinberger and Lumpkin, 2007). 

In Korea, the domestic seed market has stagnated except for horticultural crops, making Korean seed companies 

reluctant to invest in the development of new technologies (KSVS, 2017). To stay competitive in the global seed market, 

the Korean government has supported the domestic seed industry through policies such as the Golden Seed project and the 

establishment of seed breeding complexes (GSP, 2019). Technology trends among patents and plant varieties related to 

the horticultural seed industry in Korea are unclear, despite some recent reviews of patent prospects for plant seed sectors 

(Howard, 2015; Bonny, 2017). Therefore, we performed a study to better understand the trends in patents and plant 

varieties related to horticultural technologies in Korea.

Materials and Methods

Collection of Patents and Plant Varieties 

Plant seed-related patents registered in China, the European Union (EU), India, Japan, Korea, and the United States 

from January 2007 until December 2018 were collected using the Worldwide Intellectual Property Service (WIPS, 2019). 

The EU collects patents from its 31 member states, all of which are members of the European Patent Treaty. The patents 

Table 1. Classification of effective patents among four seed categories with 15 subcategories in six regions

Category Subcategory Korea USA China Othersz

Food crops

Pulse 15 1,148 58 12

Barley 2 34 58 1

Cereal 60 22 99 17

Tuber 14 20 5 2

Grain 4 1,347 57 10

Horticultural crops

Fruit 9 677 42 0

Vegetable 96 654 148 79

Flower 45 4,639 75 11

Special crops

Stimulant 8 56 16 6

Sugar 21 5 2

Textile 3 91 21 1

Medicine 3 31 15 0

Oilseed 11 65 33 6

Others 10 6 5 0

Others Others 105 257 283 105

zOthers: EU, India, and Japan.
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were divided into four seed categories (food, horticulture, special, and other crops) and 15 subcategories (Table 1). In 

addition, the plant varieties were collected in Korea that were granted protection under the plant variant system from 

January 2007 until December 2018 using the Korea Seed & Variety Service (KSVS, 2019). The plant varieties were 

divided into three categories (food, horticulture, and special crop) and 12 subcategories (Table 2).

Classification of Patents Screening 

The collected patents were verified in three steps to remove noise from the data. First, 16,217 patents were collected 

from patent registries based on selected keywords. Next, redundant patents were removed on the basis of the application 

numbers and patent titles. In addition, duplicate patents were removed manually on the basis of the patent abstracts using 

the country-specific patent searching systems in China (SIPO, 2019), India (IPI, 2019), Japan (JPO, 2019), and Korea 

(KIPRIS, 2019). Finally, specifications of the patents were analyzed and verified with seed plant experts. The verified 

dataset included 10,625 effective patents for the four seed categories and 15 subcategories (Table 1). 

Patent Indices for Technology Growth and Concentration Ratio

The Patent Portfolio (PP) index is a trend distribution used to evaluate the growth stage of technology sectors (Fabry et 

al., 2006; Lin et al., 2006). The PP index was calculated for each of the four seed categories in five time intervals: I (2007 

‑ 2008), II (2009 ‑ 2010), III (2011 ‑ 2012), IV (2013 ‑ 2014), and V (2015 ‑ 2016). However, we did not compute the PP 

index for the period 2017 ‑ 2018 because patents are kept closed for 18 months after registration. The PP index was 

obtained from Equation (1):

 ∑ 


∑  


          (1)

Table 2. Classification of registered plant varieties among three seed categories with 12 subcategories in Korea

Year
Food crops Horticultural crops Special crops

Cereal Barley Grain Pulse Tuber Fruit Veg.z Flower Oilseed Medi.y Others Mush.x

2007 23 8 6 12 7 19 117 310 5 2 4 14

2008 20 11 25 11 3 24 101 277 8 2 1 7

2009 27 8 11 15 12 46 93 287 10 5 10 23

2010 24 6 9 14 4 52 118 300 11 3 9 24

2011 31 11 12 16 3 53 133 283 11 4 14 16

2012 22 15 11 8 1 33 157 296 15 18 16 14

2013 34 8 12 12 4 37 157 292 10 9 9 15

2014 22 10 7 19 4 45 155 322 11 5 7 14

2015 33 7 19 12 10 38 195 391 18 3 14 17

2016 25 7 15 8 8 51 203 311 6 10 3 10

2017 30 3 28 17 7 79 216 277 8 7 8 14

2018 13 0 11 12 2 30 54 152 3 3 4 6

zVegetable.
yMedicine.
xMushroom.
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where s is the seed category, p is the period interval, PAj is the total number (m) of patents (j), and APi is the total number 

(n) of patent applicants (i). 

The technology concentration for technical innovation activities was evaluated using the concentration ratio (CRn) and 

the Herfindahl-Hirschman Index (HHI). The CRn is a measure of the degree of market concentration in an industrial 

sector represented by the percentage of patents held by the top n companies in the sector (Dai et al., 2019). The closer the 

CRn is to zero, the lower the level of market concentration. The CRn was obtained from the Equation (2):

        (2)

where the share of 1 applicant is the market share ratio of the first applicant, and (n) is the total number of applicants 

within the sector. The HHI measures the intensity of competition within an industrial sector by looking at the distribution 

of market share among patent applicants (Matsumoto et al., 2012). The HHI was obtained from Equation (3):

 

∑
 

 (3)

where Sk is the market share of patent applicant (k) in the sector, and (n) is the total number of patent applicants in the 

sector.

Patent Indices for Technology Level

The cites per patent (CPP) and patent family size (PFS) indices were used to evaluate the level of technology 

development for the different seed categories. The CPP gives the number of citations for patents in a given industrial 

sector. A high CPP value suggests the existence of a core patent or original patent that dominates the sector (KIPI, 2005). 

The CPP index was calculated using Equation (4): 

      (4)

where s is the seed category, CPi is the number of citations of patent (i), and RPj is the registered numbers of patent (j). The 

PFS shows the importance of patents in commercial markets. A high PFS value is presumed to indicate the existence of 

an important patent with high market power (Choi et al., 2014). The PFS index was obtained from Equation (5):


∑  




∑  



      (5)

where s is the seed category, FPi is the number (m) of family patents owned by patent (i) in a given country, and TPi is the 

total number (n) of patents (i) in that country.

Patent Index for Technology Growth Potential

The patent emerging (PE) index was used to estimate the development potential represented by the annual increase ratio 

of patents in a technology category (Grimaldi et al., 2015). The PE index can be easily visualized in a scatterplot, with the 

four quadrants of the plot indicating different levels of technological development: upper right, continuous application; 
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upper left, increase in recent applications; lower left, infancy applications; and lower right, decrease in recent 

applications. The PE index was obtained from Equation (6):

 ·          (6)

where s is the seed category, c is the seed subcategory, TCk 

is the number of patents existing in each category, TP is the 

total patents in each category, and AIk is the annual increase ratio of patents in each category.

Patent Multilayer Model for Patent Strategy

A patent multilayer (PM) model was developed to present the best direction for patent development in Korea. The PM 

model is based on three factors: entry barrier, future growth, and vacant technology. Entry barrier indicates anything that 

prevents a patent registration from starting activities in a given category. Future growth indicates the possibility for future 

growth in a given category, reflected by an increase in the number of patents (Choi et al., 2019). Vacant technology 

represents the patent share ratio for a specific category relative to the total number of patents. A high value for vacant 

technology indicates the existence of undeveloped technologies with few related patents and few major applicants. The 

PM model was obtained from Equation (7):

   · ·     (7)

where s is the seed category, and  · ·  is the entry barrier (E), future growth (F), and vacant technology (V) values 

of patent category (i). The PM model was analyzed using distribution-free ordinal logistic regression. The E, F, and V 

factors were quantified using a Likert scale with five ordinal levels. The Likert points were assigned on the basis of a 

survey of 16 members of the patent committee of the Foundation of Agricultural Technology Commercialization, 

National Institute of Agricultural Sciences, and National Institute of Horticultural and Herbal Science in Korea. The 

significance of the ordinal logistic regression of the PM model was tested using the SAS/STAT version 12.0 software 

(SAS Korea, Seoul, Korea).

Results

Patents and Plant Variety Trends for the Korean Seed Industry

Among the 10,625 effective patents, the United States had the highest number at 9,068 (85.3%), followed by China at 

920 (8.7%), and Korea at 385 (3.7%). Among the four seed categories, the horticulture category accounted for 60.9% of 

the total patents. Among the 15 subcategories of seed types, the three types with the highest proportions of total patents 

were flowers (44.9%), grains (13.3%), and pulse crops (11.6%). The international patent trends for seed sectors showed 

that the numbers of patent registrations decreased until 2009 and then continually increased (Fig. 1A). The decreasing 

trend before 2009 coincided with the financial crisis in the United States, which started in 2008 and had significant effects 

on many industrial sectors including the seed industry (Kahler, 2013). 

Among the 6,949 plant varieties registered in Korea, 5,704 (82.1%) were horticultural crops, 785 (11.2%) were food 
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crops, and 460 (6.7%) were special crops. The rate of registration of plant varieties rapidly increased after 2015 as a result 

of the Golden Seed Project, which was implemented in 2012 (Table 2). While the number of registrations of horticultural 

crops continued to increase, there was little variation in the numbers of registrations related to food crops and special crops 

over all the time periods. During the study period, 3,498 (50.3%) of the registrations were of flower varieties. 

Technology Growth Stage of the Seed Industry

The PP indices showed that the seed industry as a whole is in a growth stage of development because the numbers of 

patents and applicants continually increased from the third time period to the fourth time period, although they 

subsequently decreased in the early time periods (Fig. 1A). The growth pattern of the seed industry for horticultural crops 

(Fig. 1B) is in a mature stage of development, and that of food crops (Fig. 1C) is in a declining stage, reflected by a 

continuous decrease in the numbers of patents registered during all periods except the first time period. The special crops 

industry (Fig. 1D) is in the beginning stage and showed no inferable pattern during all of the time periods. However, 

horticultural crops show a mature stage of development, largely because of a rapid increase in the numbers of patents 

registered after 2012 in the United States (Fig. 2A) and China (Fig. 2B). Korea (Fig. 2C) and Japan (Fig. 2D) are in a 

declining stage in that both the number of patent applications for horticultural seed technologies and the number of 

different applicants decreased after 2012. The technology stages for the EU and India could not be determined because of 

the small numbers of patents registered in those regions. The measures of market concentration (CRn index and HHI) 

indicated that the markets for horticultural seeds are highly concentrated in Japan and the EU but not concentrated in 

Korea, the United States, India, and China (Table 3). China in particular has the closest to a fully free competitive market, 

A B

C D

Fig. 1. Landscape of technology growth based on the Patent Portfolio index. The time periods were I (2007–2008), II (2009–
2010), III (2011–2012), IV (2013–2014), and V (2015–2016). X-axis: number of applicants. Y-axis: number of patents. The 
arrow direction is the time flow between the periods. Circle sizes indicate the relative correlation between the numbers 
of patents and applicants. (A) Technology stage of all seed categories, (B) technology stage of horticultural seeds, (C) 
technology stage of food seeds, and (D) technology stage of special seeds.
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meaning that it is easy to enter the horticultural seed market in China compared with other countries. The markets for food 

crop seeds are concentrated in Korea, Europe, Japan, and the United States. There is no market for special crops in Japan, 

the EU, and India. Other crops do not have a high level of market concentration except in the United States. 

Technological Level and Development Potential for Horticultural Crops

The CPP and PFS indices indicated that the seed industries for flowers and fruit crops have high market competitiveness 

and a relatively low technology level, whereas the seed industries for vegetables have low market competitiveness despite 

of their high technology level (Fig. 3A). Although the flower and fruit seed industries have a low technical level, as 

A B

C D

Fig. 2. Landscape of technology growth related to each country based on the Patent Portfolio index of horticulture seed 
category. The time periods were I (2007–2008), II (2009–2010), III (2011–2012), IV (2013–2014), and V (2015–2016). 
X-axis: number of applicants. Y-axis: number of patents. (A) US, (B) China, (C) Korea, and (D) Japan technology stages.

Table 3. The patent concentration ratio (CRn) and Herfindahl-Hirschman Index (HHI) for the different seed categories in six 
regions

Index Category China EU India Japan Korea USA Total

CR4

Food crops 27 - 23z -  66z 85 74

Horticultural crops  13z 84 - 59z 36 19 18

Special crops 27 - - -  35z 43 31

Others 18 58 - 24z 49 54z 22

HHI

Food crops 136 2,593 592 1,837 1,951 2,666 2,027

Horticultural crops 103 1,995 752 2,894 512 155 144

Special crops 212 0 0 0 710 744 317

Others 260 503 577 615 837 1,058 243

zThe CR3 value instead of the CR4 value was used. 

The dash indicates that the value was not calculated because of few patents.
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indicated by low numbers of cited patents, they have high market power because of the high numbers of total patents.

The PE index was used to evaluate the potential for technological development for the three subcategories of 

horticulture crops (fruits, vegetables, and flowers). The seed industry for flowers has the highest development potential 

because of its high patent growth rate and low patent share (Fig. 3B). The seed industry for vegetables is in the early stage 

of technology development, with lower than average growth rate and patent share. The seed industry for fruits shows a 

trend of decreasing patent applications, with low patent growth rate and above average patent share.

Patent Development Strategy for Horticulture Crops in Korea

According to the three patent indices used to evaluate growth potential for different types of seed development in Korea, 

horticultural seed development has low growth potential because the share ratio in Korea is significantly lower than the 

international average and the increasing ratio of patent applications is declining. There is higher growth potential for 

special crops because the patent share ratio for that sector in Korea is low and the increasing ratio is high (Table 4). 

The PM model indicated that seed development for horticulture crops has low growth potential because of few vacant 

A

B

Fig. 3. The landscape of technology level and development potential for horticultural crops. (A) The graph shows the 
distribution of technology levels and market power based on the cites per patent (CPP) and patent family size (PFS) indices 
for horticulture crops. X-axis: PFS. Y-axis: CPP. The red lines indicate the average technical level and market power. (B) 
The graph shows the potential for technology development based on the patent emerging index. X-axis: share ratio of 
patents. Y-axis: increasing ratio of patents. The red lines show the average share ratio of patents (X-axis) and the 
increasing ratio of patents (Y-axis). Quadrants based on the red lines: upper right, continuous application; upper left, 
increase in recent applications; lower left, infancy applications; lower right, decrease in recent applications.
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technologies and high entry barriers due to a high patent registration ratio (Table 5). In addition, food crops have low 

growth potential, whereas special crops have high growth potential because of many vacant technologies and low entry 

barriers (Table 5). Ordinal logistic regression analysis of the three categories included in the model showed that entry 

barrier was a significant factor in determining growth potential (p < 0.01), whereas vacant technology and future growth 

factors were not significant. 

Discussion

In Korea, IP rights for plant varieties are double protected by patent applications under the Patent Act and by 

registration of plant varieties under the Seed Industry Act. The numbers of seed patent applications are decreasing in 

Korea, whereas the registration of plant varieties continues to increase, indicating that Korean seed breeders prefer to 

protect IP through the plant variety system rather than through the patent system. The United States had the highest patent 

share at 85.3%, which increased continuously throughout the study period (Fig. 2A). It is presumed that the United States 

has the highest patent share because of the simplified patent specification process in that country (USPTO, 2019). The 

plant patent process in the United States simplifies the description of the specification (Article 112 of the US Patent Act), 

allowing the subject of the patent to be easily protected against plant varieties. 

Technologies for horticultural seeds are in a growth stage in China and the United States but a declining stage in Korea. 

The Korean flower and fruit markets have grown in recent years, but those markets in Korea depend on imported seeds 

rather than domestic development (Park, 2014a). Horticultural seed technologies in China are in an explosive maturity 

stage, indicating that Chinese horticulture (especially the production of high-value vegetables and fruits) is entering a new 

phase because of increasing domestic demand, increased purchasing power, and a rapidly growing middle class in large 

cities (Park, 2014b; Van den Broeck and Maertens, 2016).

Table 4. Evaluation of patent trends based on three technical factors (share ratio, increasing ratio, and registration ratio) in 
three seed categories

Index Country Food crops Horticultural crops Special crops

Share ratio (%)
Korea 1.2 1.5 0.5

Average 28 61 4

Increasing ratio (%)
Korea 33.8  ‑ 35.3 66.7

Average  ‑ 6.8 58.8 5.7

Registration ratio (%)
Korea 85.3 61.3 62.9

Average 89.4 84.5 66.0

Table 5. Relative Likert scale [0 (lowest) to 5 (highest)] for three technical factors (vacant technology, entry barrier, and 
future growth) in three seed categories in Korea

Category Vacant technology Future growth Entry barrier

Food crops 1.9 3.2 3.6

Horticultural crops 1.2 2.0 4.5

Special crops 4.2 3.5 2.0
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Generally, if the CRn is close to zero, the level of market monopoly is low. However, the CRn index does not include 

information about all applicants in the field, instead considering only the patents from the top n applicants. The CRn does 

not provide any information about the technical competitiveness of applicants because it does not change with the patent 

share of the top n applicants. Therefore, HHI analysis was performed to compensate for that shortcoming of the CRn 

index. The market concentration and technology competitiveness make it easy to enter the horticultural seed market in 

China compared with other countries. Japan, Europe, and India have no markets for special crops. China is therefore 

expected to take the lead in market preoccupation as domestic seed companies and research institutes develop new 

varieties of seed.

Among the different types of crops, horticultural crops are considered to be the most favorable for seed patent 

development because market concentration and technology competitiveness are low compared with other types of crops. 

The CPP and PFS indices for horticulture crops indicate that there are many core patents for vegetable seeds, whereas 

other types of plants have a high technology level with low market capability. In the field of horticultural crops, vegetables 

have low market power but a high technology skill level. On the other hand, patent development for vegetable 

technologies comes with high risk. Flowers and fruits have high market shares but low technology levels, indicating that 

the total numbers of patents for flowers and fruits increased, although the technological level has dropped. To secure a 

market for flowers and fruits, it is necessary to develop new technologies. In addition, marketing and promotion activities 

are needed to expand the flower and fruit markets.

According to the PE index for horticulture crops, flowers and vegetables have high development potential, whereas 

fruits have low development potential. The CPP and PFS indices suggest that the technology level of flower and fruit 

seeds will increase in the future along with the rapidly growing international horticulture market (Park, 2014b; Van den 

Broeck and Maertens, 2016; Cho et al., 2018). In addition, the PE index suggests that it is more important to acquire many 

horticultural seed patents for marketing, even if the patents do not have a high technology level. 

In terms of a patent development strategy for horticultural crops in Korea, the PM model indicates that special crops 

have high potential for growth in patent applications, whereas food and horticulture crops have low potential for future 

patent development. In Korea, horticultural crops have a low level of vacant technology due to a high rate of patent 

registration, an increasing ratio of  ‑ 35.3%, and a patent share that is lower than the global average. These factors indicate 

that horticultural crops have low growth potential due to many existing patents, fewer vacant technology, less growth, and 

high barriers. It is assumed that the domestic flower market has declined because of lower personal consumption, 

although the vegetable market has increased in that same period (KOSIS, 2019). However, whole horticultural seed 

industry is expected to increase because of increased demand for well-being and natural health foods (ISF, 2019).

In conclusion, 10,625 valid patents and 6,949 plant varieties were issued from January 2007 to December 2018 for seed 

sector crops. Using six patent indices, plant varieties, and a developed PM model, future technology trends were predicted 

in the seed industry. The new horticultural insights were provided using a newly designed PM model based on vacant 

technology, entry barriers, and future growth factors. The future trends predicted in our analysis provide information that 

can be used to estimate patent competitiveness and make development strategies for rapidly expanding markets. In 

addition, our results suggest patents that will advance the international market and guide the development of a national 

industrial strategy in Korea.
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