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A Study on the Establishment of the Fresh Water Plant Industry for
the Response of the Nagoya Protocol
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ABSTRACT

As the competition for securing cross-border biological sovereignty becomes intensified due to the
adoption of the Nagoya Protocol, this study analyzed patent trends only for freshwater plants in order
to secure national biological sovereignty. As a result, freshwater plants include a total of 68 genera
and 128 species, and a total of 60 genera and 3,256 patents were surveyed. Among them, iris was
the most industrialized, 14.71% followed by angelica(8.48%) and Mentha(6.94%). However,
unconfirmed eight genera (Aneilema, Artemisia =~ Cabomba, Nymphoides, Pistia stratiotes L.,
Pseudoraphis Griff., Ruppia) are not patented freshwater plants and it is expected that patent entry is
high and barrier is low in the future. Based on patent results, Cooperative Patent Classification
analysis was carried out and as a result, a total of 15 industry sectors were derived. And
biopharmaceutical(30.24%) was found to be the most industrialized industry sector followed by
agricultural chemistry (28.89%), biochemical industry (16.25%). In the biomedical industry,
angelica(17.74%) was the most used and Iris (9.55%), Sium(20.56%) and angelica (20.48%) were
found to be the most used in agricultural chemistry, biochemical industry and bio food industry,

respectively. The analysis of detailed industry fields for 15 industry sectors showed that medicines of
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unknown structure containing substances from plants (37.77%), raw materials (46.57%) such as insect

repellants, attracting agents and preparation of peptides(16.82%) with more than 21 amino acids were

most frequently used in biopharmaceutical, agricultural chemistry and biochemical industry,

respectively. This study is of significance as a basic data to know which freshwater plants are used

in which field in order to secure biological sovereignty and patent analysis is considered necessary

to continuously secure the biological sovereignty for freshwater plants.
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Table 2. The list of Fresh water plants

Korean-Scientific name

Equisetum hyemale L. el
Salix chaenomeloides Kimura SHE
Salix gracilistyla Miq. AHE
Salix koreensis Andersson HEUE
Salix graciliglans Nakai TAHE
Salix integra Thunb. AIHE
Salix koriyanagi Kimura ex Goerz 71HE
Salix matsudana f. tortuosa Rehder SHE

Salix siuzevii Seem.

e o No) =
;QI-—Q—E x}_tq =

Salix subfragilis Andersson AWE
Alnus japonica (Thunb.) Steud. Qv
Salvinia natans (L.) All Aol kel
Ulmus pumila L. BlSUE
Persicaria hydropiper (L.) Spach o]y
Persicaria pubescens (Blume) H. Hara vl o] ]
Persicaria trigonocarpa (Makino) Nakai 7H=o9 4
Persicaria viscosa (Buch.-Ham. ex D.Don) H.Gross ex Nakai 714837
Persicaria thunbergii (Siebold & Zucc.) H.Gross ex Nakai i)
Persicaria amphibia (L.) Delarbre E4qH
Persicaria sagittata (L.) H.Gross a] 2 A
Persicaria hastatosagittata (Makino) Nakai ex Mori ) A
Persicaria maackiana (Regel) Nakai ex Mori Sn] A
Persicaria muricata (Meisn.) Nemoto B2 n e HA
Atriplex gmelinii C.AMey. ex Bong. 75 A ol
Aquilegia buergeriana var. oxysepala (Trautv. & Meyer) Kitam. nf| dhE
Caltha palustris var. palustris L. sAtE
Ranunculus sceleratus L. T2
Alisma orientale (Sam.) Juz. A7 ol gAL
Cardamine komarovii Nakai =40l
Cardamine amaraeformis Nakai 30l
Cardamine flexuosa el
Cardamine scutata Thunb. 3l
Nasturtium officinale R.Br. 40l
Penthorum chinense Pursh g2t
Impatiens textori Miq. il
Impatiens nolitangere var. pallescens Nakai R Rl
Impatiens noli-tangere L. =FERA
Viola verecunda A.Gray SARE
Lithrum anceps Makino HAE
Trapa japonica Flerow nkE
Myriophyllum verticillatum L. EAM
Myriophyllum spicatum L. o] A B4 A |
Angelica anomala Ave-Lall. A7
Angelica dahurica (Fisch. ex Hoffm.) Benth. & Hookf. ex Franch. & Sav. T3
Angelica gigas Nakai e
Angelica polymorpha Maxim. o
Oenanthe javanica (Blume) DC. v
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Table 2. Continue

Korean-Scientific name

Sium suave Walter

==
Nymphoides peltata (Gmel.) Kuntze gz
Nymphoides indica (L.) Kuntze ojg|dE
Lycopus lucidus Turcz. ex Benth. A%l
Mentha piperascens (Malinv.) Holmes uha}
Veronica peregrina L. TRz
Veronica undulata Wall. ENGE
Valeriana fauriei Briq. FAeEE
Lobelia chinensis Lour. FEFE
Artemisia selengensis Turcz. ex Besser &
Aster tripolium L. ANeH
Bidens frondosa L. v =7k
Bidens tripartita L. 7HAE
Eclipta prostrata (L.) L. g e
Hieracium umbellatum L. ZHvE
Hydrilla verticillata (L.f) Royle A%
Hydrocharis dubia (Blume) Backer g
Ottelia alismoides (L.) Pers. E47 0
Potamogeton crispus L. 4E
Potamogeton distinctus A.Benn. 71
Potamogeton oxyphyllus Miq. s
Potamogeton malaianus Miq. 7k
Ruppia maritima L. =%
Tofieldia nuda Maxim. 3>
Ludwigia prostrata Roxb. oqHrkE
Iris pseudoacorus L. EHELE
Osmunda cinnamomea var. forkiensis Copel. ¥ 1]
Elatine triandra Schkuhr B
Ceratophyllum demersum L. v
Juncus effusus var. decipiens Buchenau =F
Juncus krameri Franch. & Sav. HYEE
Aneilema keisak (Hassk.) Hand.-Mazz. A E
Alopecurus aequalis var. amurensis (Kom.) Ohwi ENE
Echinochloa crusgalli var. oryzicola (Vasinger) Ohwi £y
Echinochloa crus-galli (L.) P.Beauv. £
Isachne globosa (Thunb.) Kuntze 713U E
Leersia japonica Makino UsAE
Leersia oryzoides (L.) Sw. FAE
Miscanthus sacchariflorus (Maxim.) Benth. E9A
Paspalum _distichum L. E3A]9
Paspalum distichum var. indutum Shinners gEA T
Phalaris arundinacea L. 4E
Phragmites communis Trin. 2
Phragmites japonica Steud. gz
Phyllostachys bambusoides Siebold & Zucc. il
Phyllostachys nigra (Lodd. ex Lindl.) Munro =

Poa annua L.
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Table 2. Continue

Korean-Scientific name

Polypogon fugax Nees ex Steud. ESR=vil
Pseudoraphis ukishiba Ohwi &3
Zizania latifolia (Griseb.) Turcz. ex Stapf =

Zoysia sinica Hance AR
Acorus calamus L. ¥E
Pistia stratiotes L. X
Spirodela polyrhiza (L.) Sch. W2\t
Lemna perpusilla Torr. Z7) 2wk
Monochoria korsakowii Regel & Maack B2z
Typha angustifolia L. P HE
Typha latifolia L. AR E
Typha laxmanni Lepech. HuRE
Typha orientalis C.Presl 2s
Carex dimorpholepis Steud. SIFAPN S
Carex curta Gooden. ENTY =
Carex shimidzensis Franch. Arme| Az
Carex dispalata Boott A =
Carex forficula var. forficula Franch. & Sav. AFEAL R
Carex gifuensis Franch. 7| AEA =
Carex glabrescens (Kuk.) Ohwi FEAE
Carex heterolepis Bunge A EA
Carex lyngbyei Hornem. Aol 2bakz
Carex orbicularis var. brachylepis Kuk. Az
Carex _scabrifolia Steud. AL =
Cyperus difformis L. UEA
Cyperus exaltatus var. iwasakii T .Koyama I
Eleocharis acicularis f. longiseta (Svenson) T.Koyama g
Kyllinga brevifolia Rottb. gt 7]
Fimbristylis dichotoma (L.) Vahl 3=A]7]
Scirpus karuizawensis Makino £&HRe-q18)0]
Scirpus radicans Schkuhr T 2ulo]
Scirpus wichurae var. asiaticus (Beetle) T.Koyama ex W.T.Lee HH-8-71 2 o]
Scirpus lacustris subsp. creber (Fern.) T.Koyama Zaejo]
Scirpus triangulatus Roxb. $o]112)0]
Scirpus maritimus L. wj 2}7]
Scirpus planiculmis F.Schmidt Zuz}7]
Scirpus triqueter L. AR 1Ejo]

AR UAES guse T BSAE 25 B9 TMEEEES ea & $ud B

=
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Table 3. Status of industrialization by freshwater plant genus

Generic Name Iris Angelica Mentha Salix Miscanthus Sium
Number of patents 479 276 226 218 185 179
Percent 14.71% 8.48% 6.94% 6.70% 5.68% 5.50%
Generic Name Impatiens Viola Aster Cyperus Equisetum | Echinochloa
Number of patents 122 111 106 90 79 71
Percent 3.75% 341% 3.26% 2.76% 2.43% 2.18%
Generic Name Valeriana Veronica Nasturtium | Ranunculus Ulmus Lemna
Number of patents 71 67 64 60 59 58
Percent 2.18% 2.06% 1.97% 1.84% 1.81% 1.78%
Generic Name Alopecurus Lobelia Acorus Phalaris Zoysia Paspalum
Number of patents 577 527 507 437 4174 397
Percent 1.75% 1.60% 1.54% 1.32% 1.26% 1.20%
Generic Name Scirpus Zizania Bidens Alisma Spirodela Lycopus
Number of patents 37 36 34 32 27 26
Percent 1.14% 1.11% 1.04% 0.98% 0.83% 0.80%
Generic Name Atriplex Alnus Elatine Monochoria | Phragmites Eleocharis
Number of patents 25 22 21 20 19 17
Percent 0.77% 0.68% 0.64% 0.61% 0.58% 0.52%
Generic Name Fimbristylis Aquilegia Carex Caltha Hydrilla Juncus
Number of patents 15 14 14 13 11 11
Percent 0.46% 0.43% 0.43% 0.40% 0.34% 0.34%
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Table 3. Continue

Generic Name Ludwigia Lythrum Eclipta Potamogeton | Hieracium Osmunda
Number of patents 8 7 6 5 5 5
Percent 0.25% 021% 0.18% 0.15% 0.15% 0.15%
Generic Name Cardamine Trapa Oenanthe Kyllinga Polypogon | Myriophyllum
Number of patents 4 4 3 2 2 2
Percent 0.12% 0.12% 0.09% 0.06% 0.06% 0.06%
Generic Name Isachne Leersia Salvinia Penthorum | Hydrocharis Ottelia
Number of patents 1 1 1 1 1 1
Percent 0.03% 0.03% 0.03% 0.03% 0.03% 0.03%

Table 4. Classification and trend of industry sectors
using freshwater plants

Classification Total | Percent

) Biopharmaceutical industry 986 | 30.24%
@ Agricultural chemistry 942 | 28.89%
@ Bio-chemical industr 530 | 16.25%
@ Bio food industry 166 5.09%
® Agriculture 161 4.94%
® Bio cosmetics 125 3.83%
(@ Fermentation industry 113 | 347%
]?égﬁ;?rcyess and equipment 70 | 2.15%
@ Bio environmental industry 49 | 1.50%
@ Bio energy 39 | 1.20%
(@ Textile / Paper / Cellulose 30 0.92%
@ Sugar/ starch industry 22 0.67%
@ Bio pesticides and fertilizer 12 0.37%
i o |y | oz
@ Animals, insects, fish, breeding| 8 0.25%
Total 3,261 100%
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Table 5. Ranking of usability of freshwater plants by industry sector
Classification Blopl}annaceutlcal Agncu.ltural B19-chem1cal Bio food industry Agriculture
industry chemistry industry
Frist Angelica Iris Sium Angelica Impatiens
(1757, 17.74%) | (907, 9.55%) | (1097, 20.56%) | (3471, 20.48%) | (637, 39.13%)
Second Iris Salix Iris Mentha Zoysia
(1757, 17.74%) | (774, 8.17%) | (1097, 20.56%) | (227, 13.25%) (1274, 7.45%)
e . . Fermentation Bioprocess and |Bio environmental .
Classification| Bio cosmetics . . . . Bio energy
industry equipment industry industry
Frist Iris Miscanthus Iris Phragmites Miscanthus
(2674, 20.8%) (5871, 51.32%) (287, 40%) (117, 22.44%) | (107, 25.64%)
Second Mentha Salix Ulmus Iris Sium
(217, 16.8%) (107, 8.84%) (54, 7.14%) 97, 18.36%) 971, 23.07%)
[P Textile / Paper / Sugar / starch |Bio pesticides and .Blo-celttlﬁcatlor.l, Animals, insects,
Classification Cellulos indus fertilizer information service fish. breedin:
cruose ustry erize and R &D project > Dreecine
Frist Miscanthus Miscanthus Sium Aster Iris
(1274, 40%) 634, 27.27%) (274, 16.66%) 34, 25%) (474, 50%)
Second Iris Sium Salix Angelica Bidens
474, 13.33%) (374, 13.63%) (274, 16.66%) 173, 12.5%) 173, 12.5%)
z A3 FAE AdellM e Aol 1 stk 8 Al 28H 21E-S Table 674
Bo] 2851 e Aor YeEkon Hio] e ol F 3750 YENth 1 5 7P Bol &8
T 2 g RoldAE NTUF-£(16.66%), H AEE FEE00.15%) 3 HEWUTE9.15%)
B8, T3, oIF A W RIE RBSE o2 Yeten 1 tgen o004,
(50%)°] 7V Bo] F4u 1 YE Aoz et GH15(6.34%), UHEH6.34%) w08 YEhgTh

Table 6. Mainly used freshwater plants

NO Generic Name count percent NO Generic Name count percent
1 Iris 13 9.15 20 Zoysia 2 1.41
2 Salix 13 9.15 21 Zizania 2 1.41
3 Sium 10 7.04 2 Valeriana 2 141
4 Mentha 9 6.34 23 Alopecurus 2 141
5 Miscanthus 9 6.34 25 Paspalum ) 1.41
6 Angelica 8 5.63 25 Ranunculus 2 1.41
! Cyperus 6 4.23 26 Nasturtium 2 141
g Ingﬁgigts : 3:; 27 Alisma 2 141
10 Aster 4 282 28 Spirod.ela 2 1.41
1 Lobelia n 28 29 Veronica 1 0.70
12 Equisctum 4 282 30 Juncus ! 0.70
13 Acorus 4 2.82 31 Lycopus 1 0.70
14 Lemna 4 282 32 Alnus 1 0.70
15 Phalaris 4 2.82 33 Caltha 1 0.70
16 Carex 4 2.82 34 Myriophyllum 1 0.70
17 Viola 3 2.11 35 Bidens 1 0.70
18 Echinochloa 3 2.11 36 Trapa 1 0.70
19 Phragmites 3 2.11 37 Scirpus 1 0.70
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Table 7. Detailed industry functions by industry sector

Industrial classification Count | Percent

Unknown structured medicine containing plant materials 372 37.77%

Biopharmaceutical Drugs containing organic active ingredients 168 17.06%
industry Me-too cosmetics medicine 133 13.50%

etc. 312 31.67%

Biocides, pesticides, attractants, plant growth regulators 434 46.57%

Agricultural chemistry DNA or RNA vector 307 32.94%
Enzymes and enzyme precursors 166 17.81%

etc. 116 1.61%

Preparation of peptides with more than 21 amino acids 91 16.82%

. L Detergent compositions 28 5.18%
Bio-chemical industry microcapsule/balloon 23 4.25%
etc. 399 73.75%

Preparation of meat products 46 27.71%

. . Manufacture of bean products 43 25.90%
Bio food industry Feed ) 13.25%
etc. 55 33.14%

Flowering angiosperms 92 57.14%

Tissue culture plant propagation 16 9.94%

Agriculture Genotype change processing 13 8.07%
Cultivation of vegetables 13 8.07%

etc. 27 16.78%

Skin care preparations 76 58.40%

Bio cosmetics Hair care preparations 28 22.40%
Protective agent 7 5.60%

etc. 14 13.6%

Organic compounds containing oxygen 69 61.06%

Fermentation industry Compounds containing saccharide radical 34 30.09%
Hydrocarbon 7 6.19%

etc. 3 2.66%

Composition for measurement and experiment 33 47.14%

Bioprocess and Prosthesis / prosthesis coating 15 21.43%
equipment industry Absorbent pad 5 7.14%
etc. 17 24.29%

Biological treatment of water, wastewater and sewage 24 49.98%

Bio environmental | Other methods including treatment of water, wastewater, sewage | 10 20.41%
industry Multistep processing 3 6.12%

etc. 12 23.49%
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Table 7. Continue

Industrial classification Count | Percent
Lubricating composition 8 20.51%
Bio eneray Solid fuel 7 17.95%
Treatment of hydrocarbon oil 5 12.82%
etc. 19 48.72%
Non-fibrous material added to pulp 9 30.00%
. Production of cellulose 6 20.00%
Texncleu/ lPaper / Pre-treatment of Cedar materials 3 10.00%
eruose Suspension purification 3 10.00%

etc. 9 30%
Non-saccharide, saccharide compounds 10 45.47%
Other polysaccharides 3 13.64%

Sugar / starch industry Glucose 2 9.09%
Modified cellulose 2 9.09%

Sugar juice 2 9.09%
etc. 3 13.62%
Organic fertilizer 6 50.00%
. . Phosphate fertilizer 2 16.67%
Bio I;eit;vl:}des and Fertilizer with composting process characteristics 2 16.67%
erttzet Urea fertilizer 1 8.33%
Calcareous fertilizer 1 8.33%
Bio-certification, Library screening method 7 87.50%
mfonrl;agl(;n ;ﬁ;‘ggf and Method of creating a library 1| 1250%
Medical reproduction and culture apparatus 4 50.00%
Animals, insects, fish, Animal breeding tools 2 25.00%
breeding Animal mark 1 12.50%
Barn 1 12.50%

wo2 A 383 #¥E DNA & RNA
e, 7S 93 39 o] 4(32.94%), 4 9
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1. BRAIE BjAE
Table 1. Iimnophyte List
NO |Generic Name| Korean Name Cnter.1a fqr clas- NO | Generic Name |Korean Name Criteria fqr classi-
sification fication
N Absolute wetland . Absolute wetland
2} 3 AR
1 Acorus & plans 65 | Myriophyllum | E4Aw| plants
Absolute wetland Absolute wetland
i A7 o] el A i 2o
2 Alisma A7 o] EA} plants 66 Nasturtium o] plants
Arbitrary wetland . Absolute wetland
LR SES
3 Alnus SIS R plants 67 | Nymphoides ofg] plants
Arbitrary wetland . Absolute wetland
2 =5 -2 ﬁ z
4 | Alopecurus EAE plants 68 | Nymphoides Folg] plants
5 Aneilema Aol = Absolute wetland 69 Oenanthe S Absolute wetland
plants plants
6 Aneilema 2 Arbitrary wetland 20 Osmunda 73] Arbitrary wetland
plants plants
. Absolute wetland . 22 A0 Absolute wetland
7 Angelica N2 plants 71 Ottelia E470] plants
8 Angelica Za) Arbitrary wetland 7 Paspalum EEE Absolute wetland
plants plants
9 Angelica 3k Arbitrary wetland 73 Paspalum EERRE Absolute wetland
plants plants
. Arbitrary wetland Arbitrary wetland
o =2
10 | Angelica X plants 74 Penthorum Sedi= ) plants
Absolute wetland Absolute wetland
Heoi HrE icari 5
11 | Aquilegia R plants 75 Persicaria 94 plants
12 Aster A7) Arbitrary wetland 76 Persicaria | 717 2] WA Arbitrary wetland
plants plants
13 Atriplex | 7F=7AAo] Arbitrary wetland 77 Persicaria A Arbitrary wetland
plants plants
. Arbitrary wetland L W n| 3t2] W | Arbitrary wetland
n 21N
14 Bidens EZE plants 78 Persicaria A plants
. Atbitrary wetland L W-olu] e | Arbitrary wetland
oA
15 Bidens 7FALE plants 79 Persicaria ) plants
16 Caltha Eol Arbitrary wetland 20 Persicaria RESE Arbitrary wetland
plants plants
17 | Cardamine | 2ol Arbitrary wetland 31 Persicaria SIETIESN Arbitrary wetland
plants plants
18 | Cardamine B Arbitrary wetland 2 Persicaria Tk Arbitrary wetland
plants plants
. - Arbitrary wetland . - Arbitrary wetland
=z)o]Ho =
19 | Cardamine | =#o]Wo] plants 83 Persicaria 7he7lelH plants
20 | Cardamine | o] Arbitrary wetland) g Persicaria 717 Arbitrary wetland
plants plants
21 Carex RIS Arbitrary wetland 85 Phalaris 7z Arbitrary wetland
plants plants
6) Felvtel A #5480 FIEFEAHEIARIY, 2012)
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Table 1. Continue

Criteria for clas-

Criteria for classi-

NO |Generic Name| Korean Name P NO | Generic Name |Korean Name .
sification fication
- |Arbitrary wetland . Absolute wetland
o| AFA} 2 s
22 Carex JAFAL plants 86 Phragmites zdgu) plants
- |Arbitrary wetland . Absolute wetland
A7} 2 THEM ) S
23 Carex AL plants 87 Phragmites e & plants
24 Carex AEA R Arbitrary wetland 38 Pistia A Absolute wetland
plants plants
35 | Carex | oW1EEAE Afb“f;gn velndl g9 | polypogon | Es | gedwAaE
2% Carex N Arbitrary wetland 90 | Potamogeton o= Absolute wetland
plants plants
27 Carex AR S A R Arbitrary wetland 91 | Potamogeton 719 Absolute wetland
plants plants
28 Carex PATAPSPAEY Arbitrary wetland 92 | Potamogeton o7l Absolute wetland
plants plants
29 Carex e Arbitrary wetland 93 | Potamogeton t Absolute wetland
plants plants
30 Carex RS Arbitrary wetland 94 | Pseudoraphis 227 Absolute wetland
plants plants
Arbitrary wetland Absolute wetland
A A2 7 A
31 Carex ZJA} plants 95 Ranunculus (EEIPA ) plants
32 |Ceratophyllum|  o{u}E AbSOI‘;Zn vetland) 96 | Ruppia z AbS(’lgtl;lZeﬂa“d
33 Cyperus SMEIALE Arb1tr;11'Zn vtzetland 97 Salix = Arbltr;gn Zetland
34 Cyperus oz Absol;;e:m vtzetland 08 Salix S Arbltr;gn Zetland
35 | Echinochloa =3 Arb1tr;11'Zn vtzetland 99 Salix A= Arbltr;gn Zetland
36 | Echinochloa | &3] Arb‘“;gnzeﬂand 100 Salix A7 E Arb‘“;rlzngeﬂmd
37 Eclipta e Arb1tr;11'Zn vtzetland 101 Salix W Arbltr;gn Zetland
38 Elatine 2 Absol;;e:m vtzetland 102 Salix A= Arbltr;gn Zetland
. Absolute wetland . Arbitrary wetland
2 El 3 S =
39 | Eleocharis HEE plants 103 Salix EHE plants
40 | Equisetum 2 Arbitrary wetland 104 Salix FoAuE Arbitrary wetland
plants plants
41 | Fimbristylis | sy [Aritrary wetland) 5 Salix mug | Arbitrary wetland
plants plants
. Arbitrary wetland .. Absolute wetland
ZHh = Mo
42 | Hieracium s plants 106 Salvinia J o] 7} plants
. Absolute wetland . Arbitrary wetland
712} ak Zdke-y1o
43 Hydrilla A plants 107 Scirpus ZHke-y o] plants
. Absolute wetland . Absolute wetland
A= 3o
44 | Hydrocharis b= plants 108 Scirpus 313 0] plants
. Arbitrary wetland . Absolute wetland
CHEEA A7
45 | TImpatiens 5% plants 109 Scirpus f 247 plants
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Table 1. Continue

NO |Generic Name| Korean Name Cnter.1a fqr clas- NO | Generic Name |Korean Name Criteria fqr classi-
sification fication
. Arbitrary wetland . Absolute wetland
o| A BB x =
46 | Impatiens |25 plants 110 Scirpus Zufz}7] plants
. Arbitrary wetland . Absolute wetland
A=l =D 2] T21lo
47 Impatiens =& plants 111 Scirpus o] plants
. - Arbitrary wetland . Absolute wetland
RN Zo]lgp o
48 Iris =7 plants 112 Scirpus o] 1) o] plants
49 Tris Ay Absolute wetland 113 Scirpus Aol Absolute wetland
plants plants
Absolute wetland . Arbitrary wetland
) = v p1eo
50 Isachne 714 = plants 114 Scirpus 1812 0] plants
51 Juncus o3z Arbitrary wetland 115 Sium el Arbitrary wetland
plants plants
52 Juncus NIEEES Arbitrary wetland 116 Spirodela Ae)t Absolute wetland
plants plants
53 Kyllinga s}l Arbitrary wetland 117 Trapa 2 Absolute wetland
plants plants
Absolute wetland Absolute wetland
i TAE o7 H:—;
54 Leersia UEAE plants 118 Trapa 1715 plants
Absolute wetland Absolute wetland
; ZHAE FZue
55 Leersia ZAE plants 119 Trapa S plants
56 Lemna Z7) et Absolute wetland 120 Trapa PIach=t Absolute wetland
plants plants
57 Lobelia oz Arbitrary wetland 121 Trapa B Absolute wetland
plants plants
.. . |Absolute wetland Arbitrary wetland
vls H| &
58 | Ludwigia oA uks plants 122 Ulmus |7 plants
Arbitrary wetland . Arbitrary wetland
21 M 2o = 5z
59 Lycopus g plants 123 Valeriana FHo=x plants
60 Lythrum B 522 Arbitrary wetland 124 Veronica Bux Arbitrary wetland
plants plants
61 Mentha e Arbitrary wetland 125 Veronica 23402 Absolute wetland
plants plants
62 | Miscanthus 2ol Arbitrary wetland 126 Viola LI Arbitrary wetland
plants plants
63 | Monochoria Box Absolute wetland 127 Zizania = Absolute wetland
plants plants
. Absolute wetland . Arbitrary wetland
o| A E-Z= ]| n N AR
64 |Myriophyllum| ©]A-&4=Aw]| plans 128 Zoysia Az plants
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Table 2. Classification and trend of

industry sectors using freshwater plants

DR ECEECEECEECENG O |0 |0 | @] ® | ®] ©® |TotalPercent

Potamogeton | 0 4 0 0 0 0 1 0 0 0 0 0 0 0 0 5 1015%
Phragmites | 3 1 2 0 0 0 0 0 11 0 1 0 1 0 0 | 19 |058%
Phalaris 712 |6 0 0 0 0 0 1 1 1 0 1 0 0 | 43 |132%
Spirodela 1 B3] 6 0 4 0 3 0 0 0 0 0 0 0 0 | 27 |083%
Sium 32 5 1109 5 0 3 0 2 8 9 1 3 2 0 0 | 179 | 549%
Veronica 4139 |1 1 1 1 0 0 0 0 0 0 0 0 0 | 67 |205%
Atriplex 9 10| 4 1 1 0 0 0 0 0 0 0 0 0 0 |25 [077%
Hydrilla 0 0|0 0 0 0 1 0 0 0 0 0 0 0 0 | 11 |034%
Leersia 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 |003%
Scirpus 0| 3|6 0 2 0 0 0 6 0 0 0 0 0 0 | 37 | 113%
Osmunda 2 0 1 0 0 1 0 1 0 0 0 0 0 0 0 | 5 |015%
Juncus 0 5 0 1 1 0 0 0 4 0 0 0 0 0 0 | 11 |034%
Isachne 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 |003%
Penthorum | 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 |003%
Ulmus 2] 10 1 1 1 2 5 5 0 1 0 1 0 0 0 | 59 |181%
Angelica | 175 8 | 23 | 34 | 4 19 1 3 0 5 0 3 0 1 0 | 276 | 846%
Bidens 7 16 | 4 0 4 2 0 0 0 0 0 0 0 0 1| 34 [ 1%
Caltha 0 9 2 0 0 0 2 0 0 0 0 0 0 0 0 | 13 |040%
Alopecurus | 1 45 9 0 1 0 0 0 0 0 1 0 0 0 0 | 57 | 175%
Trapa 1 0 0 0 1 0 1 0 0 0 0 0 0 1 0 | 4 [012%
Agquilegia 3 9 0 1 0 0 1 0 0 0 0 0 0 0 0 | 14 |043%
Nasturtiwm | 23 | 14 | 13 | 3 0 8 2 1 0 0 0 0 0 0 0 | 64 |196%
Elatine 1 11 0 0 0 0 0 0 0 0 0 0 0 0 0 | 12 ]037%
Impatiens 7|42 |2 1 63 | 0 2 3 0 0 0 0 1 0 1 | 122 |374%
Myriophyllum | 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 | 2 |006%
Monochoria | 0 1713 0 0 0 0 0 0 0 0 0 0 0 0 | 20 |061%
Ottelia 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 ]003%
QOenanthe 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 | 3 |009%
Ranunculus | 9 38 4 2 1 1 4 1 0 0 0 0 0 0 0 | 60 | 1.84%
Eleocharis | 0 5] 2 0 0 0 0 0 0 0 0 0 0 0 0 | 17 |052%
Mentha 05) 3 |31 | 2] 2|2 3 0 0 1 2 0 0 1 0 | 226 | 693%
Cyperus 24 | 4| 11| 1 0 3 1 2 2 0 0 0 1 1 0 | 90 |276%
Salix |77 2| 8 5 6 0|5 2 7 2 0 2 0 1 | 218 | 669%
Lythrum 5 2 0 0 0 0 0 0 0 0 0 0 0 0 0 | 7 [021%
Iris 750 9 [ 109 17 | 8 | 2 6 | 81 9 2 4 1 0 0 4 | 479 |14.69%
Carex 1 5 0 1 0 0 3 0 2 0 1 1 0 0 0 | 14 |043%
Salvinia 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 |003%
Equisetum | 57 3 5 2 0 8 0 1 1 0 1 0 1 0 0 | 79 |242%
Polypogon 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 2 [ 006%
Lobelia 25 7 3 5 9 1 0 1 0 0 0 1 0 0 0 | 52 |159%
Lycopus 14 1 3 3 0 4 0 0 0 0 0 0 0 0 0 |25 [077%
Miscanthus | O | 55 | 24 | 4 11 0 | 8| 3 1 10| 12 6 1 0 0 | 185 | 567%
Ludwigia 0 5 2 0 0 1 0 0 0 0 0 0 0 0 0 | 8 |025%
Alnus 0| 2 6 1 0 2 0 0 0 1 0 0 0 0 0 | 22 |067%
Hydrocharis | 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 ]003%
Zoysia 0| 2] 5 0 210 0 1 0 0 0 1 0 0 0 | 41 |126%
Viola 25 | 4 4] 3 8 3 2 2 0 0 0 0 0 0 0 | 111 | 340%
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Table 2. Continue

0|20 |@|0]|060]0 © | © | 0| ® ]| ® | ®] © |TotalPercent
Hieracium 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 5 1015%
Lemna 3 29 16 0 5 0 3 0 1 1 0 0 0 0 0 | 58 | 1L.718%
Zizania 8 7 0 18 1 0 0 0 0 0 0 2 0 0 0 | 36 | 1L10%
Valeriana | 47 4 0 3 1 2 0 0 0 0 0 0 1 71 | 2.18%
Paspalum 6 14 9 1 7 0 0 0 0 0 1 0 1 0 0 | 39 |120%
Aster 2035 |29 3 4 1 2 4 0 1 1 2 0 2 0 | 106 | 325%
Acorus 28 1 7 6 0 4 0 2 0 0 0 1 0 1 0 | 50 | 153%
Alisma 12 11 5 0 2 0 0 0 0 0 0 0 1 0 | 32 |098%
Kyllinga 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 006%
Echinochloa | 0 51 13 0 1 0 1 3 0 0 1 0 1 0 0 | 71 | 218%
Fimbristylis | 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 15 | 046%
Eclipta 15 1 2 0 1 2 0 0 0 0 0 0 0 0 0 | 21 |064%
Cardamine | 0 1 0 1 1 1 0 0 0 0 0 0 0 0 0 4 1012%
Total 986 | 942 | 530 | 166 | 161 | 125 | 113 | 70 | 49 | 39 | 30 | 2 12 8 8 | 3261 100%

Percent  |30.24%|28.89%|16.25%| 5.09% | 4.94% | 3.83% | 3.47% | 2.15% | 1.50% | 1.20% | 0.92% | 0.67% | 0.37% | 0.25% | 0.25% | 1

(D Biopharmaceutical industry, ) Agricultural chemistry, (3) Bio-chemical industry, @ Bio food industry, &) Agriculture, ©® Bio cosmetics, (7) Fermentation
industry, ®) Bioprocess and equipment industry, 9 Bio environmental industry, (0 Bio energy, () Textile / Paper / Cellulose, [ Sugar / starch industry,
([ Bio pesticides and fertilizer, (@ Bio-certification, information service and R&D project, © Animals, insects, fish, breeding
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Table 3. Ranking of usability of freshwater plants by industry sector

Biopl}annaceutical Agricu.ltural Bi9—chemical Bio food industry Agriculture
industry chemistry industry
Frist Angelica Iris Sium Angelica Impatiens
(1757, 17.74%) (907, 9.55%) (1097, 20.56%) | (3471, 20.48%) (637, 39.13%)
Second Iris Salix Iris Mentha Zoysia
(1757, 17.74%) (774, 8.17%) (1097, 20.56%) | (2271, 13.25%) (127, 7.45%)
Third Mentha Miscanthus Mentha Zizania Miscanthus
(1057, 10.64%) (5571, 5.83%) (317, 5.84%) (187, 10.84%) (1171, 6.83%)
Fourth Salix Viola Aster Iris Lobelia
(717, 7.2%) (547, 5.73%) (297, 5.47%) (177, 10.24%) 97, 5.59%)
Fifth Equisetum Echinochloa Miscanthus Cyperus Iris
(574, 5.78%) (517, 5.41%) (247, 4.52%) (117, 6.62%) (87, 4.96%)
Sixth Valeriana Alopecurus Angelica Salix Viola
(4774, 4.76%) 4574, 4.77%) (2371, 4.33%) (871, 4.81%) (87, 4.96%)
Seventh Sium Impatiens Salix Acorus Paspalum
(327, 3.24%) (4274, 4.45%) (2271, 4.15%) (671, 3.61%) (774, 4.34%)
Eighth Ulmus Veronica Lemna Sium Salix
(327, 3.24%) (397, 4.14%) 1671, 3.01%) (571, 3.01%) (574, 3.10%)
Ninth Acorus Ranunculus Viola Lobelia Lemna
(287, 2.83%) (387, 4.03%) (1471, 2.64%) (571, 3.01%) (574, 3.10%)
Tenth Lobelia Mentha Nasturtium Alisma Spirodela
(2574, 2.53%) (3874, 4.03%) (1371, 2.45%) (571, 3.01%) @47, 2.48% )
Bio cosmetics Fermentation Bioprocess and | Bio environmental Bio cnergy
industry equipment industry industry
Frist Iris Miscanthus Iris Phragmites Miscanthus
(2671, 20.8%) (587, 51.32%) (2871, 40%) (117, 2244%) | (107, 25.64%)
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Table 3. Continue
Bi i Fermentation Bioprocess and | Bio environmental Bi
10 cosmeties industry equipment industry industry 10 energy
Second Mentha Salix Ulmus Iris Sium
(217, 16.8%) (107, 8.84%) (54, 7.14%) (974, 18.36%) 974, 23.07%)
Third Angelica Iris Salix Sium Salix
(1971, 15.2%) 64, 5.30%) (54, 7.14%) (874, 16.32%) (74, 17.94%)
Fourth Nasturtium Ulmus Aster Scirpus Angelica
874, 6.4%) (57, 4.42%) (474, 5.71%) 674, 12.24%) (574, 12.82%)
Fifth Equisetum Ranunculus Angelica Juncus Iris
84, 6.4% ) 434, 3.53%) (374, 4.28%) 471, 8.16%) (274, 5.12%)
Sixth Salix Spirodela Impatiens Cyperus Phalaris
674, 4.8%) (34, 2.65%) (3471, 4.28%) 271, 4.08%) (174, 2.56%)
Seventh Lycopus Mentha Miscanthus Salix Ulmus
@47, 32%) (37, 2.65%) (37, 4.28%) (271, 4.08%) (17, 2.56%)
Eighth Acorus Carex Echinochloa Carex Mentha
47, 32%) (37, 2.65%) (37, 4.28%) (271, 4.08%) (17, 2.56%)
Ninth Sium Lemna Sium Phalaris Alnus
(34, 24%) (34, 2.65%) 24, 2.85%) (171, 2.04%) (173, 2.56%)
Tenth Cyperus Caltha Cyperus Myriophyllum Lemna
(37, 24%) 27, 1.76%) 7, 2.85% ) (171, 2.08%) (17, 2.56%)
Textile / Paper / Sugar / starch | Bio pesticides and m?;;f:g:)?:;i?;e Animals, insects,
Cellulose industry fertilizer and R &D project fish, breeding
Frist Miscanthus Miscanthus Sium Aster Iris
(127, 40%) (671, 27.27%) 27, 16.66%) @7, 25%) @z, 50%)
Second Iris Sium Salix Angelica Bidens
474, 13.33%) (371, 13.63%) (27, 16.66%) 1z, 12.5%) 1734, 12.5%)
Third Mentha Angelica Phragmites Trapa Impatiens
24, 6.66%) (37, 13.63%) (17, 8.33%) 1z, 12.5%) 173, 12.5%)
Fourth Salix Zizania Phalaris Mentha Salix
24, 6.66%) 274, 9.09%) (17, 8.33%) 1z, 12.5%) 173, 12.5%)
Fifth Phragmites Aster Impatiens Cyperus Valeriana
(174, 3.33%) 274, 9.09%) (17, 8.33%) 1z, 12.5%) 173, 12.5%)
Sixth Phalaris Ulmus Cyperus Acorus
(3.33%) (17, 4.54%) (17, 8.33%) (17, 12.5%)
Seventh Sium Iris Equisetum Alisma
(17, 3.33%) (17, 4.54%) (171, 8.33%) (17, 12.5%)
Eighth Alopecurus Carex Miscanthus
(171, 3.33%) (17, 4.54%) (171, 8.33%)
Ninth Carex Lobelia Paspalum
(17, 3.33%) (17, 4.54%) (17, 8.33%)
Tenth Equisetum Zoysia Echinochloa

(174, 3.33%)

(17, 4.54%)

(17, 8.33%)




