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Abstract: Technological advances in tea production are critical to meet global demands for tea con-

sumption. To illuminate differences in the scientific and commercial relevance of research programs 

between major tea-related research organizations around the world, we conducted a bibliometric 

analysis comparing the scientific outputs, including peer-reviewed publications and patents, of six 

major research organizations published between January 01, 2008 and July 11, 2020. For this com-

petitive ranking analysis, we examined a number of papers, research topics, academic influence, 

capacity for development, capacity for collaboration, and capacity for technological innovation. 

Among the six research organizations, Anhui Agricultural University (in China) had the most pub-

lications, while the Chinese Academy of Agricultural Sciences, Tea Research Institute showed a 

higher capacity for development. The Council for Scientific and Industrial Research (in India) and 

the University of Shizuoka (Japan) both showed high academic influence, while the University of 

Shizuoka, Tea Research Association Tocklai and National Agriculture and Food Research Organi-

zation (Japan) showed a high capacity for collaboration. The Chinese Academy of Agricultural Sci-

ences, Tea Research Institute applied for the most patents, while the Council for Scientific and In-

dustrial Research applied for the most international patents. 
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1. Introduction 

Tea serves as the national drink of China and represents a long-standing component 

of Chinese history and culture. With technological advances in production, the tea indus-

try is increasingly shifting from traditional to modern industrial methods[1]. Continual 

technical advances in the tea industry are essential for ensuring the competitiveness of the 

Chinese tea industry in the international market. To illustrate scientific and technological 

differences between Chinese and international tea research organizations, this study uses 

bibliometrics as a theoretical basis for determining competitiveness and to provide objec-

tive data analysis of the research outputs of major domestic and international tea research 

organizations. 

Research outputs, mainly in the form of peer-reviewed papers, patents, scientific re-

ports, standards, etc. are important criteria for assessing the level of scientific and techno-

logical innovations of organizations. Papers represent a summary of the results of theo-

retical and applied research conducted by investigators across a range of tea-related dis-

ciplines[2]. Patent documents record the contents of an invention or technological creation, 

and include not only technical information, but also regional, legal, and economic infor-

mation. These data are both commonly used as major indicators of the competitiveness of 

a researcher or research organization.  

Bibliometric analysis examines the external characteristics of literature, such as the 

overarching research topic, and uses statistical methods to study the distribution (e.g., 
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availability of a paper among tea researchers), quantitative metrics (e.g., how many down-

loads and citations), and trends in published literature (annual popularity of a research 

topic), which are quantitative, objectively determined, and therefore easy to compare. Bib-

liometric methods have been adopted worldwide for analysis of competitiveness among 

academic institutions, such as the U.S. News 2019 Best Global Universities Rankings[3], 

Shanghai Ranking's Global Ranking of Academic Subjects[4], and annual publications eval-

uating academic competitiveness by Wuhan University[5, 6], among others.  

This latter method has been used by several scholars to conduct analyses of compet-

itiveness[7, 8]. Common metrics (as per Web of Science) include Publications, Average pub-

lications per item, Sum of Times Cited, and Average citations per item, as well as h-in-

dex[9], [10], Essential Science Indicators (ESI) Highly-cited papers[11], and ESI Hot papers, 

which are all currently recognized as important parameters for analysis of institutional 

productivity2, [12-14].  

In addition to commonly used indicators, researchers have also introduced other in-

dicators to evaluate institutional competitiveness. Liu and colleagues[15] introduced the in-

dustry share, i.e., the percentage of papers in a given research area, as an index to reflect 

an institution’s rank in a given research area. In other institutional analyses, 

Solanki[16]used international collaborative papers (ICP), highly cited papers (HiCP), g-in-

dex, hg-index, p-index; Kim et al. [17] used Q1 (index level of paper quality) and Q2 

(strength of international collaboration). Similarly, Ruiz-Coronel[18] and Zhong[19] both 

make use of international cooperation and self-defined High-quality papers to analyze the 

international status of Chinese research institutions. Gundes [20] and coworkers measured 

organization productivity through first author papers and collaborative papers. For pa-

tent data, Trappey[21]introduced a customized metric of patent quality to compare institu-

tions, while He and Zhao[22]created a Patent Roadmap to compare key technological de-

velopments between two institutions. In addition, Liu[23]constructed an indexing system 

and method of evaluation that combines peer review and Scientometrics. Bibliometric 

analysis of documents produced by an institution can thus enable a comprehensive un-

derstanding of its research quality and productivity, an overview of the current research 

field, and developing trends among their domestic and international counterparts. This 

understanding provides a well-informed basis for institution leaders to grasp their status 

in the research field and subsequently formulate future development strategies[24]. 

2. Data and methodology 

The principles selected for comparison among the research organization sample set 

include: high-impact paper output, research goals, and comparable scale of personnel, 

and capacity for national or international representation of tea research. The organizations 

selected for comparison were therefore determined through a combination of quantitative 

and qualitative methods. To rank the most productive organizations, we searched the SCI-

E (Science Citation Index-Expanded) database for papers in the field of tea research, with 

research topics that included tea germplasm, tea plant genetics and breeding, tea cultiva-

tion, tea plant physiology and nutrition, tea plant protection, flavor chemistry of tea, tea 

processing, tea comprehensive processing, tea quality and risk assessment, and the effects 

of tea on health. Based on the history of tea development, different research organizations, 

including universities and national research institutions, as independent legal entities, 

were selected from Japan, India, and China for comparison. The final comparison group 

of organizations included: Tea Research Institute of the Chinese Academy of Agricultural 

Sciences (CAAS); Anhui Agricultural University in China (Anhui); University of Shizuoka 

in Japan (Shizuoka); National Agriculture and Food Research Organization (NARO); Tea 

Research Association Tocklai in India (Tocklai); Council of Scientific and Industrial Re-

search in India (CSIRI).  

The data were obtained from papers that we retrieved from the Web of Science (SCI-

E and SSCI (Social Sciences Citation Index) databases) with publication dates between Jan 

01, 2008 and Jul 11, 2020. Patents were current in the Derwent Innovation and PatSnap 
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databases as of July 11, 2020, and were retrieved using search codes that combined each 

organization name and “tea or camellia*”. Derwent Data Analyzer was used to clean and 

analyze the data. Since the retrieval strategy was developed to accommodate potentially 

conflicting search parameters that are systematic and comprehensive (most possible hits) 

but also highly accurate and relevant to tea research (fewer but more relevant hits), there 

may be omissions or some patents which were not directly related to tea in the retrieval 

results. After manual curation, we found a total of 1551 papers in SCI-E and 1332 patents 

from 916 patent families in Derwent Innovation during this period. For data processing 

and analysis, we used a variety of analytical tools in the Web of Science portal, as well as 

the Derwent Data Analyzer 10.0, and Microsoft Excel 2016. 

The method of Wuhan University[6] (2015) was adopted for comparative analyses, 

which incorporates four main indicators of institutional capacity for scientific research 

including: scientific research productivity, scientific research influence, scientific innova-

tion, and network influence. The secondary indicators include the number of papers pub-

lished, number of citations, ESI Highly-cited papers, disciplines entering the ESI subject 

ranking, number of ESI Hot papers, number of patents, and Internet influence ranking at 

home and abroad. 

For this study, we made minor modifications, including the addition of two primary 

indicators (collaborative ability and capacity for development) and removal of network 

influence, for a total five main indicators. Among secondary indicators, internet influence 

was replaced with several other metrics, resulting in a total of 29 secondary indicators 

(Table 1, Table 2, Fig. 2).  

Scientific output, which should reflect an organization’s academic contributions, was 

measured by the number papers published by an organization, number of papers with 

core authors (first and corresponding authors) housed at the institution, and the distribu-

tion (proportions) of an institute’s published research topics.  

Academic influence was measured by citations, including the sum of times cited, av-

erage citations per item, the percentage of non-self-citations, and the percentage of cited 

papers. Citation numbers can serve as indicators of an organization’s influence in a given 

field, with the higher numbers for related citations indicating greater attention that organ-

ization attracts within a field, and consequently, the stronger the academic influence of 

that organization.  

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑠 𝑝𝑒𝑟 𝑖𝑡𝑒𝑚 =
𝑠𝑢𝑚 𝑜𝑓 𝑡𝑖𝑚𝑒𝑠 𝑐𝑖𝑡𝑒𝑑

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑝𝑒𝑟𝑠
 

𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑛𝑜𝑛 − 𝑠𝑒𝑙𝑓 𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑠 =
𝑠𝑢𝑚 𝑜𝑓 𝑛𝑜𝑛 − 𝑠𝑒𝑙𝑓 𝑡𝑖𝑚𝑒𝑠 𝑐𝑖𝑡𝑎𝑡𝑒𝑑

𝑠𝑢𝑚 𝑜𝑓 𝑡𝑖𝑚𝑒𝑠 𝑐𝑖𝑡𝑒𝑑
 

The capacity for development was measured by output efficiency, h-index, average 

percentage of High-quality papers. High-quality papers in this study include High-qual-

ity journal papers, Highly-cited papers, and Hot papers. High-quality journal papers refer 

to papers published in High-quality journals. Here, High-quality journals are defined as 

those journals that fall within Quartile 1 (Q1) of the Journal Impact Factor (JIF), i.e., with 

an average JIF percentile of 90%-100%, in the 2017 Journal Citation Reports[25]. Highly-

cited papers refer to papers that exceed the citation baseline of papers in a specific data 

set, which is the number of total papers produced by all six organizations in this study. 

The citation baseline of Highly-cited papers is calculated as follows. We used the integer 

15, by rounding up from 14.53, as the baseline number of citations for Highly-cited papers. 

𝐻𝑖𝑔ℎ𝑙𝑦 − 𝑐𝑖𝑡𝑒𝑑 𝑝𝑎𝑝𝑒𝑟 𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 =
𝑠𝑢𝑚 𝑜𝑓 𝑡𝑖𝑚𝑒𝑠 𝑐𝑖𝑡𝑒𝑑 𝑜𝑓 𝐻𝑖𝑔ℎ𝑙𝑦 − 𝑐𝑖𝑡𝑒𝑑 𝑝𝑎𝑝𝑒𝑟𝑠

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑝𝑒𝑟𝑠

=
22522

1551
= 14.53 

Hot papers refer to papers among this dataset (i.e., all papers produced by these or-

ganizations from Jan 2017 through July 2020) that exceeded the citation baseline just 

within the past three years. The citation baseline of Hot papers is calculated as follows. 

We used the integer 8, by rounding up from 7.35, as the baseline number of Hot paper 

citation. 
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ℎ𝑜𝑡 𝑝𝑎𝑝𝑒𝑟 𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 =
𝑠𝑢𝑚 𝑜𝑓 𝑡𝑖𝑚𝑒𝑠 𝑐𝑖𝑡𝑒𝑑 𝑜𝑓 ℎ𝑜𝑡 𝑝𝑎𝑝𝑒𝑟𝑠

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑝𝑒𝑟𝑠
=

5814

791
= 7.35 

Therefore, the papers with number of citations greater than or equal to 15 are Highly-

cited papers, while the papers published in 2017-2020 with citations greater than or equal 

to 8 are Hot papers. The percentage of High-quality journal papers and average percent-

age of High-quality papers was calculated as follows (note: the same formula was used 

for average percentages of Highly-cited papers and Hot papers): 
𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐻𝑖𝑔ℎ − 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑗𝑜𝑢𝑟𝑛𝑎𝑙 𝑝𝑎𝑝𝑒𝑟𝑠

=
𝐻𝑖𝑔ℎ − 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑗𝑜𝑢𝑟𝑛𝑎𝑙 𝑝𝑎𝑝𝑒𝑟𝑠

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑝𝑒𝑟𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑜𝑟𝑔𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛
 

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐻𝑖𝑔ℎ − 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑝𝑎𝑝𝑒𝑟𝑠
= (𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐻𝑖𝑔ℎ − 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑗𝑜𝑢𝑟𝑛𝑎𝑙 𝑝𝑎𝑝𝑒𝑟𝑠
+ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐻𝑖𝑔ℎ𝑙𝑦 𝑐𝑖𝑡𝑒𝑑 𝑝𝑎𝑝𝑒𝑟𝑠 + 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓𝐻𝑜𝑡 𝑝𝑎𝑝𝑒𝑟𝑠)/3 

Output efficiency is defined as the ratio of the number of papers to the number of 

employees, employees being authors who have published papers in the corresponding 

organization, and thus represents the average number of papers per author. 

Collaborative ability was measured by the number of collaborative papers, percent-

age of papers with collaborating authors, number of collaborative papers among core au-

thor papers, contribution of collaborative papers (i.e., the percentage of High-quality jour-

nal papers, Highly-cited papers, and Hot papers), percentage of collaborative paper in 

High-qulity papers, ratio of international High-quality collaborative paper to domestic. 

The percentage of High-quality journal collaborative papers was calculated as follows 

(note: the same formula was used to calculate the percentages of Highly-cited collabora-

tive papers and Hot collaborative papers):  
 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐻𝑖𝑔ℎ − 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑗𝑜𝑢𝑟𝑛𝑎𝑙 𝑐𝑜𝑙𝑙𝑎𝑏𝑜𝑟𝑎𝑡𝑖𝑣𝑒 𝑝𝑎𝑝𝑒𝑟𝑠

=
𝐻𝑖𝑔ℎ − 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑗𝑜𝑢𝑟𝑛𝑎𝑙 𝑐𝑜𝑙𝑙𝑎𝑏𝑜𝑟𝑎𝑡𝑖𝑣𝑒 𝑝𝑎𝑝𝑒𝑟𝑠

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑙𝑎𝑏𝑜𝑟𝑎𝑡𝑖𝑣𝑒 𝑝𝑎𝑝𝑒𝑟𝑠
 

The ratio of international High-quality collaborative paper to domestic was calcu-

lated as follows: 
𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐻𝑖𝑔ℎ − 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑐𝑜𝑙𝑙𝑎𝑏𝑜𝑟𝑎𝑡𝑖𝑣𝑒 𝑝𝑎𝑝𝑒𝑟 𝑡𝑜 𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 

=
𝐻𝑖𝑔ℎ − 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑐𝑜𝑙𝑙𝑎𝑏𝑜𝑟𝑎𝑡𝑖𝑣𝑒 𝑝𝑎𝑝𝑒𝑟𝑠 𝑤𝑖𝑡ℎ 𝑎𝑢𝑡ℎ𝑜𝑟𝑠 𝑖𝑛 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑐𝑜𝑢𝑛𝑡𝑟𝑖𝑒𝑠 

𝐻𝑖𝑔ℎ − 𝑞𝑢𝑎𝑙𝑖𝑡𝑦 𝑐𝑜𝑙𝑙𝑎𝑏𝑜𝑟𝑎𝑡𝑖𝑣𝑒 𝑝𝑎𝑝𝑒𝑟𝑠 𝑤𝑖𝑡ℎ 𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑎𝑢𝑡ℎ𝑜𝑟𝑠
 

Capacity for protection of technological innovation was primarily measured by pa-

tent applications. Since patents integrate technical, economic, and legal information, these 

indicators can illustrate an organization’s capability of technological innovation as well as 

their strength in technology transfer and protection of intellectual property. The indicators 

included the total number of patents, the total number of patent families, number of pa-

tents per family, percentage of valid patents (including active, pending, PCT designated 

stage) and global distribution. A patent family is a set of individual patents granted by 

various countries. Think of a patent family as all the equivalent patent applications corre-

sponding to a single invention, covering different application documents in one or differ-

ent geographical regions. The geographical regions in global distributions are counted by 

the intellectual property office of different regions because the patent is applied through 

the office. For instance, WIPO refers to the World Intellectual Property Organization, 

United States refers to United States Patent and Trademark Office, China refers to China 

National Intellectual Property Administration, Taiwan refers to Taiwan Intellectual Prop-

erty Office, Hong Kong refers to Intellectual Property Department of the Government of 

the Hong Kong Special Administrative Region, EPO refers to European Patent Office, 

Netherlands refers to Netherlands Patent Office, etc. 

3. Results  

3.1 Higher Scientific Output by Anhui and CAAS than other organizations 

Simple counting of published articles shows that Chinese organizations produced a 

greater number than those from Japan and India, as was also observed in the percentage 

of papers by core-authors. By contrast, CSIRI, Shizuoka, and NARO published more 
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papers than other organizations from 2008 to 2011, which continually increased until 2014. 

However, tea research also significantly increased at Anhui and CAAS since 2011, while 

productivity by Tocklai increased more slowly (Fig. 1).  

Table 1 shows the statistics for the 1551 total tea research papers published by the six 

selected organizations from Jan 2008 to Jul 2020. Anhui Agricultural University ranked 

first with 479 papers, 437 (91.23%) of which were core author publications. The Chinese 

Academy of Agricultural Sciences, Tea Research Institute ranked second with 445 papers, 

including 388 (87.19%) core author papers. The number three ranked organization, 

(CSIRI), the largest research and development organization in India which includes sev-

eral tea research institutes, published a total of 220 papers, with core authorship in 189 

(85.91%). Among CSIRI institutes, the Institute of Himalayan Bioresource Technology 

(IHBT) published 100 papers, while the Central Food Technological Research Institute had 

30 papers. Shizuoka ranked fourth with 157 papers, 128 (81.53%) by core authors. A total 

of 154 papers, 102 (66.23%) by core authors, were published by NARO, which contains 

three main tea research organizations. The NARO Institute of Vegetable & Floriculture 

Science, restructured into the NARO Institute of Vegetable and Tea Science and NARO 

Institute of Floricultural Science in 2016, published 76 papers, while the NARO National 

Food Research Institute produced 47 papers, and the NARO Institute of Fruit Tree and 

Tea Science published 30 papers. Finally, 120 papers, 81 (67.50%) by core authors, were 

published by Tocklai.  

 
Figure 1. Number of Papers/Patents published/issued by the six organizations (Jan 2008 ~ Jul 2020) 

Table 1. Bibliometric evaluation of paper indices for the six organizations (percentage) 

Organizations Anhui, China CAAS, China CSIRI, India 
Shizuoka,  

Japan 
NARO,  
Japan 

Tocklai,  
India 

Scientific 
output 

Number of papers  479 445 220 157 154 120 

Core author papers  437(91.23%) 388(87.19%) 189(85.91%) 128(81.53%) 102(66.23%) 81(67.5%) 

Academic 
influence 

Percentage of non-self-
citations  

80.00% 80.51% 94.48% 91.37% 90.30% 84.53% 

Average citations per 
item 

14.27 14.57 17.88 17.41 10.71 9.64 

Sum of times cited  6836 6484 3933 2734 1649 1157 

Percentage of cited pa-
pers 

87.89% 90.56% 94.09% 89.81% 83.77% 79.17% 
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Organizations Anhui, China CAAS, China CSIRI, India 
Shizuoka,  

Japan 
NARO,  
Japan 

Tocklai,  
India 

Capacity 
for devel-
opment 

Num. of employee 1288 807 569 504 395 298 

Output efficiency  0.38 0.55 0.35 0.31 0.37 0.4 

h-index 38 36 34 30 21 17 

average percentage of 
High-quality papers 

27.94% 28.92% 29.65% 27.09% 14.31% 15.51% 

High-quality journal 
papers  

77(16.08%) 83(18.65%) 27(12.27%) 8(5.10%) 5(3.25%) 14(11.67%) 

Highly-cited papers 147(30.69%) 142(31.91%) 101(45.91%) 70(44.59%) 38(24.68%) 25(20.83%) 

Number of papers pub-
lished in last 3 years 

340 268 65 38 40 57 

Hot papers 126(37.06%) 97(36.19%) 20(30.77%) 12(31.58%) 6(15.00%) 8(14.04%) 

Collabora-
tion ability 

Collaborative papers 304(63.47%) 307(68.99%) 113(51.36%) 120(76.43%) 99(64.29%) 88(73.33%) 

Sum of times cited of 
Collaborative papers 

4628(67.70%) 4700(72.49%) 1619(41.16%) 2204(80.61%) 1269(76.96%) 857(74.07%) 

Collaborative papers 
with authors in differ-

ent countries 
145 73 31 27 12 12 

Percentage of collabora-
tive papers with au-

thors in different coun-
tries in total cooperative 

papers 

47.70% 23.78% 27.43% 22.50% 12.12% 13.64% 

Collaborative papers 
among core author pa-

pers 
262 249 82 91 47 49 

Percentage of collabora-
tive papers among core 
author papers in total 

cooperative papers 

54.70% 55.96% 37.72% 57.96% 30.52% 40.83% 

High-quality journal 
collaborative papers 

57 64 10 4 4 13 

Highly-cited collabora-
tive papers  

97 95 56 39 33 24 

Hot collaborative pa-
pers 

93 70 14 11 4 6 

Percentage of collabora-
tive paper in High-

quality papers 
68.18% 79.91% 42.61% 78.21% 83.72% 91.43% 

High-quality Collabora-
tive papers with au-

thors in different coun-
tries 

97(20.25%) 45(10.11%) 15(6.82%) 9(5.73%) 4(2.60%) 9(7.50%) 

Ratio of international 
High-quality collabora-
tive paper to domestic 

1.43 0.36 0.44 0.17 0.13 0.39 

Collaborate countries 

China(479), 
India(3), Ja-

pan(3), 
USA(102), 

Germany(12), 
Canada(8), 
Russia(4), 

Australia(3), 
South 

China(445), 
Japan(3), 

USA(33), Ger-
many(13), 
Canada(6), 
UK(4), Aus-
tralia(3), Fin-

land(1), It-
aly(1), 

India(220), 
USA(19), 

UK(1), Aus-
tralia(3), 

South Ko-
rea(1), 

France(1), 
Czech Repub-

lic(1), 

Japan(157), 
USA(2), Ger-
many(2), It-

aly(5), 
France(1), 

Thailand(3),  

China(7), In-
dia(1), Ja-
pan(154), 

USA(2), South 
Korea(1), 
Bangla-

desh(1), Thai-
land(1), 

China(3), In-
dia(120), Ja-

pan(1), 
USA(5), Rus-
sia(7), UK(5), 
Italy(1), Neth-

erlands(4), 
France(1), 

South 
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Organizations Anhui, China CAAS, China CSIRI, India 
Shizuoka,  

Japan 
NARO,  
Japan 

Tocklai,  
India 

Korea(7), Fin-
land(7), 

France(1), 
Bangla-

desh(4), Thai-
land(1), Bra-
zil(4), Czech 
Republic(2), 
New Zea-

land(1), Bel-
gium(2), Paki-
stan(1), Swe-

den(1),  

Nether-
lands(3), 

France(2), Sin-
gapore(5), 

Denmark(4), 
New Zea-

land(2), South 
Africa(1), Tur-

key(1),  

Kenya(3), 
Turkey(1), 

Malaysia(1), 
Nigeria(1), 
Portugal(1), 
Saudi Ara-

bia(1),  

Chile(1), Sri 
Lanka(1),  

Africa(2), Po-
land(1),  

 

Scientific output can only show the organization's overall publication productivity in 

the field of tea research. In order to understand which research topics each organization 

specializes in and their competitiveness in this area at a given time, we carried out a de-

tailed analysis of the distribution (proportions) of each institute’s published research top-

ics (Fig. 2). We found that most organizations produced papers across multiple, different 

research directions, in particular spanning tea and health (309 papers), tea plant genetics 

and breeding (297 papers), tea plant physiology and nutrition (260 papers), tea quality 

and risk assessment (237 papers), and flavor chemistry of tea (201 papers). Among these 

organizations, Anhui performed the most studies in tea plant genetics and breeding and 

flavor chemistry with 119 (40.07%) and 80 (39.8%) papers for each respective topic. The 

percentage here indicates the number of papers published one organization on a given 

topic relative to the total number of papers produced by all organizations for that topic. 

Thus, based on annual changes in research topic (Appendix A), Anhui has excelled con-

siderably since 2016 in genetics and breeding as well as in flavor chemistry. In addition, 

Anhui also entered a rapid development stage in tea quality and risk assessment (79 pa-

pers) and in tea and health studies (80 papers) since 2014 (more than 5 articles published 

ever after). 

Similarly, CAAS has four research directions for which they produced more than 

40% of the published articles for those respective topics, including tea plant physiology 

and nutrition with 114 (43.85%) papers, tea plant protection (84 papers, 43.30%), tea 

germplasm (53, 48.18%), and tea cultivation (27, 48.21%). Tea plant genetics and breeding 

(103, 34.68%) has also been an important research direction for the CAAS Tea Research 

Institute. While the number of papers published by CAAS in tea plant physiology and 

nutrition increased rapidly from 2012 to 2019, their productivity in tea plant genetics and 

breeding and tea plant protection steadily increased in the period from 2014 to 2019.  

By contrast, CSIRI has published the largest proportion of studies on tea comprehen-

sive processing, with 49 (30.43%) total papers since 2013. The number two ranked research 

topic at CSIRI was tea plant genetics and breeding, having published 49 studies (16.50%) 

from 2009 to 2014, while 48 papers (15.53%) were published on tea and health by this 

organization since 2011. 

Shizuoka performed the most research on Tea and Health (107, 34.63%) among the 

six organizations, comprising 68.16% of the tea research output by Shizuoka. Notably, 

2013 was the most productive year for publication on tea and health at this organization, 

with 16 papers, although this output has declined slightly in recent years. The second most 

productive research focus at Shizuoka is tea flavor chemistry with 21 papers total, the 

highest productivity of which was between 2008 to 2010. 

NARO also had substantial productivity in tea and health (56, 19.12%), as well as in 

tea plant protection (26, 13.40%), flavor chemistry of tea (24, 11.94%), and tea plant phys-

iology and nutrition (25, 9.62%). NARO has steadily developed their research program in 
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tea and health since 2010, with an average of five papers per year, which accounts for 

18.12% of the total papers in that research area. NARO also published the most papers in 

tea plant protection in 2016, with 6 papers. 

Tea plant physiology and nutrition (49, 18.85%) and tea plant protection (43, 22.16%) 

were the two major research directions for Tocklai, which respectively accounted for 

40.83% and 35.83% of their published studies, and 18.85% and 22.16% of the papers pub-

lished in those research areas, respectively. Tocklai has steadily developed its research in 

these areas from 2008-2012, and the number of published articles rapidly increased since 

2015. Tocklai also substantially contributed to research in tea quality and risk assessment 

(21, 8.86%), increasing in this area since 2011. 

 

Figure 2. Proportions of tea research topics among papers produced by the six organizations. 

3.2 CSIRI and Shizuoka excelled in Academic influence 

Academic influence is another factor that can help demonstrate an organization’s ca-

pacity for and competitiveness in research. We therefore investigated the strength of aca-

demic influence for each of the six organizations (Table 1 and Fig. 3a). The results showed 

that CSIRI ranked the highest in average citations per item (17.88) and in the percentage 

of non-self citations (94.48%). By comparison, Shizuoka also had a high average citations 

per item (17.41) and percentage of non-self citations (91.37%). NARO ranked third for per-

centage of non-self-citations (90.30%).  

Despite high publication numbers, Anhui and CAAS were not highly ranked based 

on their citation numbers. CAAS ranked third in average citations per item (14.57), while 

Anhui and CAAS ranked first and second, respectively, for the sum of times cited, which 

is at least partially attributable to their high total number of published papers. 

To investigate how total citations reflected research growth, we analyzed the sum of 

times cited per year for each of the six tea research organizations, as shown in Fig.3b. 

Again, Anhui and CAAS showed the fastest growth in number of times cited. Prior to 

2018, the number of the sum of times cited per year by CAAS was higher than that of 

Anhui, whereas after 2018, Anhui surpassed CAAS in the growth of number of times 
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cited. Shizuoka has higher number of the sum of times cited in 2008 and 2011, after 2011 

the number was reduced until 2015, and since then there has been a slight increase. The 

sum of times cited per year for CSIRI and Tocklai has declined annually since 2015, and 

NARO since 2016.   

3.3 High-quality papers, output efficiency, and h-index contribute to capacity for development 

and overall academic competitiveness. 

While influence can be a strong indicator of past reputation, metrics for research de-

velopment can potentially show the strength of both past and future research influence. 

We therefore introduced the capacity for development to reflect each organization’s abil-

ity to produce more high quality papers and maintain a leading position as research fields 

develop.  

We compared the strength of potential development among all six organizations (Fig. 

3c and Fig. 3d). The specific values for each of the following parameters are shown in 

Table 1. Comparison of output efficiency (Fig. 3c) showed that CAAS (0.55) ranked higher 

than Anhui (0.38), while Tocklai ranked second (0.40). The h-index of Anhui (38) was 

higher than that of CAAS (36). The average percentage of High-quality papers of CSIRI 

ranked first (29.65%), followed by CAAS (28.92%), Anhui (27.94%), and Shizuoka 

(27.09%).  

To investigate which High-quality papers contributed most to the capacity for devel-

opment of the six tea research organizations, we analyzed the percentage of High-quality 

journal papers, Highly-cited papers, and Hot papers (Fig. 3d). CAAS ranked first in the 

number and percentage of High-quality journal papers (83, 18.65%), followed by Anhui 

(77, 16.08%), while Anhui ranked first in the number and percentage of Hot papers (340, 

37.06%), with CAAS ranking second (268, 36.19%). CSIRI ranked first in the percentage of 

Highly-cited papers (45.91%) and Shizuoka ranked second (44.59%), while Anhui ranked 

first in the number of Highly-cited papers (147) (Fig. 3d, Table 1).  

3.4 Ability to collaborate contributes to higher citations and more High-quality papers 

Ability to collaborate also represents an important factor in an organization’s capac-

ity for development. Investigation of metrics related to collaboration revealed that Shizu-

oka performed the highest in collaborative outputs, followed by Tocklai. In particular, 

Shizuoka had the highest percentage of citations for papers with collaborating authors 

(80.61%) and higher percentage of papers with collaborating authors (76.43%), as well as 

a higher percentage of collaborative papers among core author papers (57.96%) (Table 1 

and Fig. 3e).  
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Figure 3. Comparison of the strength of the research output among the six major tea research organizations. 
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Tocklai had the highest percentage of collaborative paper in High-quality papers 

(91.43%), and a high percentage of papers with collaborating authors (73.33%) and a high 

percentage of citations for papers with collaborating authors (74.07%), but a lower per-

centage of core author collaborative papers (40.83%). NARO ranked first in percentage of 

citations for papers with collaborating authors (76.96%), and had a higher percentage of 

collaborative paper in High-quality papers (83.72%). Interestingly, Anhui showed the 

highest number of collaborative papers among core author publications (262), while 

CAAS had the greatest sum of total citations for papers with collaborating authors (4700) 

in addition to the highest percentage of core author collaborative papers (55.96%).  

Further details about the contribution of collaborative papers to the academic com-

petitiveness of the six research organizations are shown in Table 1, Fig. 3d and Fig. 3f. 

Surprisingly, we found that collaborative papers comprised more than 50% of total papers 

for each organization, with the exception of CSIRI. Among them, Tocklai had the highest 

proportion of collaborative papers, and the percentage of collaborative High-quality jour-

nal papers, Highly-cited papers, and Hot papers were 92.86%, 77.42%, and 75.00%, respec-

tively (Fig. 3d). Cooperative papers also provided a strong contribution to academic com-

petitiveness for Shizuoka through Hot papers (91.67%) and Highly-cited papers (50.00%). 

The numbers and percentage of collaborative papers with the collaborating authors 

located in different countries are shown in Table 1. In these instances, Anhui had the high-

est numbers and percentage of studies with collaborating authors in different countries 

(145 articles, 47.70% of the total collaborative papers (304)), and the highest ratio of inter-

national High-quality collaborative paper to domestic (1.43). Further data mining showed 

that the majority of collaborating authors with Anhui were from the United States (102 

papers) followed by Germany (12), Canada (8), Finland (7), and South Korea (7). CAAS 

(33) and CSIRI (19) also published the most papers in cooperation with the United States, 

and Shizuoka with Italy (5), NARO with China (7), and Tocklai with Russia (7). Thus, 

among the six tea research organizations, Anhui showed the most substantial increase in 

the ratio of international High-quality collaborative papers to domestic beginning in 2011, 

while CAAS (the ratio is 0.36) showed a similar, but weaker influence in international 

collaborations compared with domestic cooperation. CSIRI ranked second in the ratio 

(0.44). International collaborations had played an effective role in academic competitive-

ness of Tocklai (the ratio is 0.39) in recent years (Fig. 3f).  

3.5 Anhui, CAAS, and Tocklai show lower capacity for protection of intellectual property and 

technological innovations 

From Jan 2008 to Jul 2020, a total of 1016 patents, including 708 DWPI patent families, 

were cumulatively issued to the six major tea research organizations. Among them, as 

shown in Fig. 4 and Table 2, CAAS ranked first with 621 patents (446 families), while An-

hui ranked second with 526 patents (403 families), followed by CSIRI with 87 patents (40 

families), Shizuoka with 66 patents (12 families), NARO with 27 patents (9 families), and 

finally Tocklai with 7 patents (7 families). We found that although CAAS and Anhui were 

each issued a large number of patents, their average number of patents per family was 

only 1.3 and 1.4, respectively, while Shizuoka held the most patents per family at 5.5, in-

dicating greater international legal protection for their technological innovations. 
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Figure 4. The strength of protection for technological innovations among the six major tea research organizations.  

Note：The size of the bubbles=Num. of patents. 

Table 2. Bibliometric evaluation of patent indices for the six organizations (percentage) 

Organizations 
Anhui, 

China 

CAAS, 

China 
CSIRI, India 

Shizuoka,  

Japan 

NARO,  

Japan 

Tocklai,  

India 

Capacity 
for pro-

tection of 
techno-

logical in-
novation  

Patent appli-
cation (patent 

family) 
526(403) 621(446) 87(40) 66(12) 27(9) 7(7) 

Number of 
patents per 

family 
1.3  1.4  2.2  5.5  3.0  1.0  

Valid Patent 374(71.10%) 534(85.99%) 73(83.91%) 63(95.45%) 26(96.30%) 6(85.71%) 

Foreign dis-
tribution 

0(0.00%) 5(0.81%) 81(93.10%) 45(68.18%) 27(100.00%) 0(0.00%) 

Global distri-
bution (Rec-

ords) 
China(526) 

China(616);W
IPO(2);Ja-

pan(1);Neth-
erlands(2) 

WIPO(19);Ch
ina(10);Ja-
pan(3);In-

dia(6);United 
States(26); 

EPO(8);South 
Ko-

rea(3);Aus-
tralia(3);Ger-
many(3);Can-
ada(2);Spain(

1);Malay-
sia(1);Spain(1

);Mex-
ico(1);South 

Af-
rica(1);Mex-
ico(1);Rus-
sia(1);Vi-
etnam(1) 

WIPO(7);China
(9);Ja-

pan(21);In-
dia(1);United 

States(6); 
EPO(2);South 
Korea(3);Tai-
wan(6);Hong 
Kong(3);Unite

d King-
dom(5);Can-
ada(1);Singa-
pore(1);Indo-

nesia(1) 

WIPO(5);Chi
na(6);United 
States(4);EPO
(7);South Ko-
rea(1);Hong 

Kong, 
China(3);Aus

tralia(1) 

India(7) 

Fig. 1 shows the distribution of patents per year for all six organizations. Due to the 

delay in time between patent application and publication (up to 30 months, including a 

12-month priority period and an 18-month publication period), so the annual number of 

issued patents between Jan 2008 to Jul 2020 may actually represent the fruition of much 

earlier applications and research, and also does not show how many patents are awaiting 

526 621

87

66

27

7

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

0.00% 20.00% 40.00% 60.00% 80.00% 100.00%

N
u
m

b
e
r 

o
f 
p
a
te

n
ts

 p
e
r 

fa
m

ily

Percentage of valid patents

Anhui

CAAS

CSIRI

Shizuoka

NARO

Tocklai

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 October 2021                   doi:10.20944/preprints202110.0314.v1

https://doi.org/10.20944/preprints202110.0314.v1


 

approval. We found that CSIRI applied for more patents than other organizations before 

2010. However, while the number of patent applications from other organizations have 

declined in recent years, patent applications from CAAS and Anhui have rapidly in-

creased, potentially due to incentivization by the Chinese government through the Na-

tional Medium and Long-term Science and Technology Development Plan (2006-2020)[26]. 

Details on the legal status and Intellectual Property Administration of states in which 

patent applications were submitted by the six organizations are listed in Table 2. NARO 

ranked first both in percentage of valid patents (96.30%) and percentage of patents that 

are also held in nations apart from that of the organization (i.e., their foreign distribution) 

(100%), while Shizuoka ranked second in valid patents (95.45%) and CSIRI ranked second 

in percentage of foreign distribution (93.10%). Interestingly, we found that NARO ob-

tained the greatest number of foreign patents to the EPO (7), followed by China (6), and 

the United States (4). By contrast, outside of Japan, Shizuoka was found to hold the most 

foreign patents in China (9), followed by the United States (6), and Taiwan (6). Among all 

six organizations, CSIRI had the largest number of international patents (81 in countries 

outside of India) and held patents across the largest number of foreign countries. CSIRI 

applied for the most patents in the United States (26), but held only 9 in China and 8 in 

EPO. Although CAAS and Anhui applied for several times as many patents as other or-

ganizations, very few patents were submitted to countries outside of China and also had 

a low proportion of valid patents. In particular, CAAS was found to have only two patents 

in the Netherlands and one in Japan, while Anhui holds no patents outside of China. 

4. Discussion 

This comparative analysis of publications and patents by the six major tea research 

organizations shows that the largest Chinese organizations conducting tea-related re-

search have recently undergone rapid growth in their scientific and technological output. 

In particular, the growth and capacity for further output by CAAS and Anhui are reflected 

by the relatively high quantity of papers and patents, the broad range of research topics 

(spanning 10 tea-related sub-disciplines), and the high number and percentage of High-

quality papers.  

Two main factors appear to drive this development. First, in 2012, China embarked 

on a strategy of increased financial investment in agricultural science and technology to 

modernize agriculture, especially supporting technology transfer and extension[27]. Sec-

ond, the tea industry in particular has developed rapidly as the recipient of local, provin-

cial, and national governmental funds through implementation of nationwide plans to 

alleviate poverty in 2015[28] and rural revitalization in 2018[29].  

However, despite the recent growth in research output, the academic influence of 

papers published by Chinese organizations is relatively low compared with other organ-

izations, reflected by metrics for average citations, percentage of non-self-citation, and 

percentage of Highly-cited papers, etc. These findings combined with metrics showing 

lower collaboration and international collaboration show that competitiveness and aca-

demic influence are tied to international collaboration. For example, Shizuoka and CSIRI 

published a greater number of international collaboration studies during the early years 

covered by our survey. By contrast, Anhui shifted greater focus to international coopera-

tion within the past five years, significantly increasing the number of papers with foreign 

collaborating authors and subsequently increasing the relative academic influence of its 

publications.  

This study also showed that the number of patent applications submitted by Chinese 

tea research organizations is relatively high compared with the major Japanese and Indian 

tea research organizations. However, the intellectual property rights for inventions by 

Anhui and CAAS are not protected by patents internationally, as indicated by the com-

paratively low percentage of valid patents, number of patents per family, and percentage 

of patents held in other countries.  
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The number of papers and patents published annually by Shizuoka and NARO in 

tea research has not increased significantly in recent years, although Japan has a richer 

variety of tea-related products. This may be attributable, at least in part, to their relatively 

high productivity in applied technology research (e.g., tea and health, flavor chemistry of 

tea) compared with the main research topics of Anhui and CAAS, which focus on basic 

research (e.g., tea germplasm, tea plant physiology, and nutrition).  

Comparison of High-quality papers shows that Shizuoka and NARO published 

fewer High-quality papers, but their papers garnered more citations. This finding shows 

that number of High-quality journals papers and number of Highly-cited papers are not 

necessarily strongly correlated in tea research. Furthermore, Shizuoka and NARO applied 

for more international patents and formed more patent families than other organizations, 

which is also a manifestation of their better developed tea-related technology. 

CSIRI produced more studies about tea comprehensive processing, tea and health, 

and tea genetics and breeding, covering both basic and applied technology tea research 

areas. It had high academic influence and applied for many international patents. The 

articles from Tocklai mainly focused on basic research, such as tea tree physiology and 

nutrition and pest management. In addition, cooperation with other institutions increased 

Tocklai’s academic influence, evident in the highest proportion of collaborative paper in 

High-quality papers and the relatively high proportion of citations for collaborative pa-

pers relative to total citations.  

It also warrants mention that, cumulatively, the largest proportion of international 

collaborative papers for all six tea research organizations were produced with authors 

from the United States. In addition, CSIRI, Shizuoka, and NARO all hold patents for tea-

related innovations in the United States, indicating that this market is also a major source 

of tea product revenue. 
 

Author Contributions: Conceptualization, methodology, H.Z. and X.Y; software, formal analysis, 

investigation, visualization, writing—original draft preparation, H.Z. and J.W.; resources, valida-

tion, X.X.; data curation, H.Z. and X.X.; writing—review and editing, X.Y. and X.X. project admin-

istration, funding acquisition, X.X. and J.W.; All authors have read and agreed to the published 

version of the manuscript.  

Funding: This work was supported by the Central Public-Interest Scientific Institution Basal Re-

search Fund (NO.1610212017018), nine Innovative Research Teams including Tea Germplasm Inno-

vative Research Team in Tea Research Institute, Chinese Academy of Agricultural Sciences. 

Acknowledgments: The authors would like to thank Kong Lingbo, Lin Qiao and He Wei from the 

Agricultural Information Institute of CAAS for their help and support.  

Conflicts of Interest: The authors declare no conflict of interest. 

Appendix A 

Table A1. Number of publications in ten tea research topics between January 2008 and July 2020 

Organiza-
tions 

Publica-
tion Years 

Tea  
Germplasm 

Tea plant 
genetics 

and 
breeding 

 
Tea 

culti-
vation 

Tea plant 
physiol-
ogy and 
nutrition 

Tea 
plant 

protec-
tion 

Flavor 
chem-
istry 
of tea 

Tea 
pro-

cessing 

Tea Com-
prehen-
sive Pro-
cessing 

Tea qual-
ity and 
Risk as-

sessment 

Tea 
and 

Health 

Anhui 

2008 0 4  0 1 0 0 1 2 1 1 

2009 0 2  0 0 0 1 0 1 1 0 

2010 0 0  0 0 0 3 0 0 1 0 

2011 0 1  0 2 1 2 0 0 2 1 

2012 1 5  2 2 1 4 0 2 1 2 

2013 0 3  0 2 0 3 0 0 4 4 

2014 2 3  0 4 1 4 1 2 1 7 

2015 1 2  0 1 0 7 5 4 4 9 
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Organiza-
tions 

Publica-
tion Years 

Tea  
Germplasm 

Tea plant 
genetics 

and 
breeding 

 
Tea 

culti-
vation 

Tea plant 
physiol-
ogy and 
nutrition 

Tea 
plant 

protec-
tion 

Flavor 
chem-
istry 
of tea 

Tea 
pro-

cessing 

Tea Com-
prehen-
sive Pro-
cessing 

Tea qual-
ity and 
Risk as-

sessment 

Tea 
and 

Health 

2016 2 5  0 6 4 5 1 4 8 8 

2017 4 20  1 5 3 6 2 7 11 9 

2018 1 35  2 12 4 18 7 4 10 18 

2019 6 25  2 8 13 13 13 23 23 15 

2020 5 14  0 10 3 14 9 7 11 6 

CAAS 

2008 2 1  0 1 0 0 0 1 1 0 

2009 2 1  0 1 1 1 0 1 3 0 

2010 2 2  0 2 1 0 0 0 1 1 

2011 0 0  1 2  1 0 1 1 0 

2012 6 4  1 6 4 2 0 2 4 0 

2013 1 4  2 7 2 1 1 3 4 0 

2014 5 10  0 12 11 3 0 2 6 2 

2015 6 9  1 8 7 4 0 1 6 2 

2016 6 16  3 10 9 6 0 1 8 1 

2017 6 10  4 16 9 4 5 4 11 4 

2018 6 20  7 25 15 13 7 3 8 2 

2019 8 15  5 13 17 12 5 4 15 2 

2020 3 11  3 11 8 6 6 2 6 1 

CSIRI 

2008 1 4  0 0 0 1 0 0 3  

2009 2 7  0 3 1 2 0 1 1 1 

2010 1 3  0 0 0 1 0 2 1 2 

2011 1 4  0 4 0 3 0 1 4 5 

2012 1 9  0 1 0 1 0 3 6 1 

2013 3 7  1 1 1 2 0 4 5 4 

2014 0 5  0 1 2 0 0 5 3 4 

2015 1 2  0 1 1 5 0 7 3 7 

2016 0 2  0 1 2 2 0 4 2 3 

2017 0 3  0 2 0 0 0 6 5 8 

2018 0 0  1 1 2 1 1 8 3 3 

2019 0 2  0 1 1 0 0 4 0 7 

2020 0 1  1 0 0 0 0 3 1 3 

Shizuoka 

2008 0 0  1 0 5 0 0 0 0 5 

2009 0 0  0 0 1 0 1 0 0 7 

2010 0 0  0 0 4 0 0 0 0 6 

2011 0 0  1 1 2 1 4 0 0 11 

2012 0 0  0 0 2 0 1 0 0 10 

2013 0 0  0 0 2 0 2 4 0 16 

2014 0 0  0 0 2 0 3 1 0 11 

2015 0 0  0 0 0 0 0 0 0 4 

2016 0 1  0 0 2 0 3 0 0 8 

2017 0 0  0 0 0 0 1 0 0 7 

2018 0 2  1 0 1 0 1 2 0 12 

2019 1 0  0 0 0 0 0 0 0 5 

2020 0 0  0 0 0 0 1 1 0 5 

NARO 
2008 1 1  0 1 1 2 1 0 1 1 

2009 2 1  0 1 1 2 0 0 1 3 
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of tea 

Tea 
pro-

cessing 

Tea Com-
prehen-
sive Pro-
cessing 

Tea qual-
ity and 
Risk as-

sessment 

Tea 
and 

Health 

2010 2 1  0 1 1 1 0 1 1 6 

2011 3 2  1 3 3 2 0 1 0 4 

2012 3 3  0 2 1 3 0 1 2 4 

2013 1 0  0 2 2 4 0 0 2 8 

2014 1 0  0 4 3 2 1 3 1 4 

2015 1 0  1 2 2 0 0 0 0 7 

2016 0 1  0 6 6 3 1 0 3 5 

2017 1 1  0 0 1 1 1 0 3 6 

2018 0 0  4 3 0 4 1 1 2 5 

2019 1 0  0 0 5 0 0 0 1 3 

2020 0 0  0 0 0 0 0 0 1 0 

Tocklai 

2008 0 0  1 1 1 0 0 0 0 0 

2009 2 1  0 1 1 1 0 1 0 0 

2010 1 2  1 2 1 0 0 0 0 0 

2011 1 1  0 3 2 1 1 0 1 0 

2012 2 3  2 1 1 1 0 1 2 0 

2013 0 2  0 3 3 1 1 0 0 0 

2014 0 0  0 5 4 0 1 1 2 0 

2015 1 3  0 4 3 1 3 0 1 0 

2016 0 0  0 6 4 0 0 0 3 0 

2017 0 0  1 9 7 0 1 0 3 2 

2018 1 2  2 10 9 0 0 1 4 1 

2019 0 1   4 2 0 1 1 2 0 

2020 0 1  3 0 5 0 0 0 3 0 
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