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History of seaweed aquaculture in Korea 
(Neopyropia/Pyropia/Porphyra)

Korean people consumed chopped and dried Neopyropia before 1425 (Bae 1991, Sohn 
1998)
The oldest seaweed (Neopyropia) aquaculture occurred nearly 400 years ago (Chung 1937, 
Bae 1991, Sohn 1996)

A fisherman found some floating bamboo twigs with Neopyropia attached and began his 
own cultivation by planting bamboo twigs along the seashore

Seaweed farming in Korea expanded rapidly in the 1970s

low-quality seaweed products, genetic degradation, failure to adapt environmentally, and 
an increase in the incidence of disease

Cultivar development



Memorabilia of the Three Kingdoms (Iryeon 1281)

Seaweed has been a very important resource for Korean people!

Seaweed (Neopyropia, Gim in Korean) 
was used for part of their dowries during 
the Shilla Dynasty (BC 57 – AD 935)
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History of seaweed aquaculture in Korea 
(Kelps)

Illustration book of fish, Jeong Yakjeon 1874 

The first artificial seeding of U. pinnatifida occurred in 1967 (Sohn 1996, 1998, Hwang and Park 2020)

Undaria pinnatifida (Myeok in Korean) was first described in 1814 during Chosun Dynasty (Jeong 1874)

Since 1970s, the production of U. pinnatifida increased dramatically in nearshore shallow waters of Korea, 
called “Black Revolution” of the aquaculture industry (Ha et al. 2018)

Jeong described Myeok as excellent food for postpartum women

Saccharina (Dashima in Korean) has traditionally been utilized as food and medicine over 400 years in Korea

Dashima was first described in 1611 (‘Domundaezak,’ a review book on Korean foods, Author: Heo Gyun)

Aquaculture of S. japonica first occurred in 1968 when the Japanese variety of this alga was first introduced 
from Hokkaido, Japan (Chang and Geon 1970)

The utilization for medicine was also described in 1610, in a book entitled ‘Donguibogam,’ (Author: Heo Jun)



“…women in Korea are expected to take at least three weeks to recover after birth …  You 
and your baby are required to stay home.”

“the traditional meal for new moms in Korea is a special seaweed soup called miyeokguk
… this soup is supposed to help with postpartum recovery and milk supply.” 

Seaweed has been a very important resource for Korean people!



Seaweed has been a very important resource for Korean people!



History of seaweed aquaculture in Korea 
(Kelps)

Illustration book of fish, Jeong Yakjeon 1874 

The first artificial seeding of U. pinnatifida occurred in 1967 (Sohn 1996, 1998, Hwang and Park 2020)

Undaria pinnatifida (Myeok in Korean) was first described in 1814 during Chosun Dynasty (Jeong 1874)

Since 1970s, the production of U. pinnatifida increased dramatically in nearshore shallow waters of Korea, 
called “Black Revolution” of the aquaculture industry (Ha et al. 2018)

Jeong described Myeok as excellent food for postpartum women

Saccharina (Dashima in Korean) has traditionally been utilized as food and medicine over 400 years in Korea

Dashima was first described in 1611 (‘Domundaezak,’ a review book on Korean foods, Author: Heo Gyun)

Aquaculture of S. japonica first occurred in 1968 when the Japanese variety of this alga was first introduced 
from Hokkaido, Japan (Chang and Geon 1970)

The utilization for medicine was also described in 1610, in a book entitled ‘Donguibogam,’ (Author: Heo Jun)



Seaweed
1.71 Mt

Shellfish
430,000 t Fish

86,000 t

Korea’s Aquaculture production FAO (2020)

Aquaculture production of 
aquatic algae by major producer

FAO (2020)

Aquaculture production



Current Status of Seaweed Farming in 2020
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Seaweed Aquaculture in Korea (Neopyropia, Gim)

(Kim et al. 2022)



Oyster shell bags

Lay oyster shells on a nurseryShred using a blender

Seaweed Aquaculture in Korea (Neopyropia/Pyropia/Porphyra, Gim)

Conchocelis

Spray conchocelis on oyster shellsOpen water seeding
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Seaweed Aquaculture in Korea (Neopyropia/Pyropia/Porphyra, Gim)



Saccharina japonica Kjellmaniella crassifolia

Eisenia bicyclisEcklonia stoloniferaEcklonia cava Ecklonia kurome

Costaria costata Agarum cribrosum Undaria pinnatifida

(Photo: NFRDI Seaweed Research Center)Kelp species in Korea



Kelp aquaculture in Korea
(Undaria pinnatifida and Saccharina japonica)



Sorus

Sporophyll

Kelp aquaculture in Korea



Thinning kelps

Indoor nursery

Kelp aquaculture in Korea (Undaria pinnatifida and Saccharina japonica)

Sporophylls (or sorus) in bags Seedling collection

Open water nurserySeedstring insertion
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Kelp aquaculture in Korea 
(Undaria pinnatifida and Saccharina japonica)



Cultivar Development: Breeding, Hybridization and 
Mutation

Korea joined the UPOV (International Union for the Protection of New Varieties of Plants) in 2002. →

intellectual property rights that legally guarantee ownership of new plant varieties

The plant variety protection system was extended to seaweeds in 2012

In 2012, the Korean government began to certify seaweed varieties

To date, 23 seaweed varieties have been registered: 13 Pyropia, 8 Undaria and 2 Saccharina



Selective Breeding

Desirable strain development Fast growth

Preferable morphology and flavorDisease and temperature tolerant strains 



1950s: Strain/species selections 

1962: Neopyropia tenera

1967: Neopyropia yezoensis

1980s ~ 1990s: intra-species selective breeding, color mutants

1990s: Inter-species selective breeding, protoplast fusion

1970s: Strain selections (fast growth, large blade)

Male and female gametophyte clone cultures → selective breeding 

1960s: Strain selections

1970s - : Gametophyte clone cultures

Intra-species selective breeding, X-ray treatment

Radiation treatment ☞mutant

Neopyropia

Undaria

Saccharina

Selective Breeding



New strain selection (pure line) Hybridization Mutation Breeding

Species Neopyropiatenera Neopyropiayezoensis

품종명
수과원
101호

수과원
102호

수과원
103호

수과원
104호

수과원
105호

수과원
106호

수과원
107호
(잇바디)

전수
1호

속성장
교잡체

속성장
방사무늬김

속성장
방사무늬김

고온내성
방사무늬김

Morph

Character
Mutant

(narrow)
Mutant
(green)

Mutant
(red)

Fast 
growth
(60.5㎝,

36㎝)

Fast 
growth
(63.3㎝,

17㎝)

Fast 
growth

Fast
growth

Anti-
oxidant

Fast 
growth

(124㎝,15㎝)

Fast 
growth

(mutant)
(185㎝,9.5㎝)

Fast 
growth

(mutant)
(181㎝,7.8㎝)

(high 
temp. 

mutant)
(48㎝,6.2㎝)

2012 2012 2012 2013 2014 2015 2015 2015 - 2016 2016 2016

(Source: NIFS Seaweed Research Center)

Neopyropia Strains



ⅹ

[♀] 
Fast growth 

Japanese 
P. yezoensis

[♂]
High 

quality
Korean

P. yezoensis

=

length
: 124cm

width
: 15cm

Fast growth – high quality Neopyropia yezoensis strain

ⅹ
High quality + 

fast growth
Strain

100cm

50cm

(Source: NIFS Seaweed Research Center)

Hybridization



(Source: NIFS Seaweed Research Center)

Saccharina
Selective Breeding (Kelps)

Undaria



(Hwang, Kim et al. 2022)

Undaria and Saccharina cultivars developed in Korea 
since 2012 



(Hwang, Kim et al. 2022)

Undaria and Saccharina cultivars developed in Korea 
since 2012 (mostly by selection) 



Breeding network of S. japonica in China

(Hu et al. 2021)
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Population genetics
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(Courtesy of H.S. Yoon)



Seaweed aquaculture as part of an IMTA system



Seaweed aquaculture as part of an IMTA system

→ requiring new strains and diversifying species



Land-Based Cultivation



Land-Based Cultivation

→ requiring new strains and diversifying species



Power plant

CO2

Cooling 
water

Seaweed

Shellfish Fish

• Year round cultivation
• Carbon dioxide supply for extensive cultivation of seaweed
• Sustainable productivity
• Quality control

Land-Based IMTA using cooling water and CO2

from a power plant



Power plant

CO2

Cooling 
water

Seaweed

Shellfish Fish

• Year round cultivation
• Carbon dioxide supply for extensive cultivation of seaweed
• Sustainable productivity
• Quality control

Land-Based IMTA using cooling water and CO2

from a power plant

→ requiring new strains and diversifying species



Seedbank development

NIFS INU





Current Effort for Cultivar Development

Temperature tolerant strains (kelp) for abalone feed and other applicaitons

Kelps have been used as live feed in abalone farms (>50 % of kelp production)

Rapid growth of abalone industry since the 2000s → requiring more kelps BUT no kelp farming during 

the fall months→ no live feeds for abalones in the fall 

New cultivars of Undaria (Undaria peterseniana (male) X Undaria pinnatifida (female)) & Saccharina 

japonica (selective breeding, ‘Sugwawon No. 301’) 

→ extended cultivation period BUT still need better cultivars



11 12 1 2 3 4 5 6 7 8 9 10

Saccharina

Undaria

Saccharina and Undaria harvest for Abalone feed

Selective Breeding (Kelp)

98% of the kelp culture overlaps the abalone culture

Abalone feed

Sept an Oct: NO seaweed to feed abalones

→ requires extended kelp growing season



Water temperature↑ → damage to seaweed → yield↓

www.pinterest.com

Global climate change

Water temperature↑ → shorter growing season → yield↓

http://www.pinterest.com/


Development of temperature tolerant strains (Kelp)

10-11 9-10

<Long term>

High temperature tolerant strain 
development

❑ During the early growing season, 
high temperature (22oC) is 
critical → decrease in growth

12 ------------------ 8

Growing season

<Short term>

Extend growing season

❑ Late outplanting→ late harvest, 
providing kelp for abalone feed 
in Sept and Oct.



Kelpak

AMPEP

Seaweed-derived biostimulants can enhance the heat-tolerance 
in seaweed

Sook Kyung Shin



Sargassum horneri

Byeon et al. (2020)

Algal bloom caused by Sargassum horneri

Sol Han



Sargassum horneri

Byeon et al. (2020)

Algal bloom caused by Sargassum horneri

Sargassum horneri extract (SHE)



SHE extracted using autoclave method had 
the best performance in enhancing the heat-
tolerance of Neopyropia yezoensis

Han, Kim et al. 2022

SBE: Boiling extraction method   SEE: Ethanol extraction method
SSE: Soaking extraction method   SAE: Autoclave extraction method

Sargassum horneri extract



SHE extracted using autoclave method had the 
best performance in enhancing the heat-tolerance 
of Neopyropia yezoensis

Han, Kim et al. 2022

SBE: Boiling extraction method   SEE: Ethanol extraction method
SSE: Soaking extraction method   SAE: Autoclave extraction method

Sargassum horneri extract

SHE showed similar effect with AMPEP on 
enhancing the heat-tolerance of 
Neopyropia yezoensis

Han et al. In revision



Neopyropia
yezoensis

C10

S10

S20

C20

10 days 5 daysn=3

10 ℃ without SHE 10 ℃ with SHE 20 ℃ without SHE

Samples were collected after 15 days for RNA sequencing



In S20 group, approximately 20% of DEGs (866 out of 4,327 genes) were different with those in the C20 group.

Differentially expressed gene (DEG) analysis



SHE pre-treatment alleviated negative impacts of heat stress



ID Annotation S10 C20 S20 

py01499.t1 Histidine kinase -0.41 0.91 1.03* 

py11037.t1 Histidine kinase 0.45 0.97 1.18* 

py11268.t1 Ferritin 2.38* -0.28 1.55* 

py09664.t1 Iron uptake system component EfeO 1.66* 1.46 4.04* 

Novel .3094.2 Carotenoid cleavage dioxygenase 1.06* -2.43* 1.42* 

py06439.t1 Spermidine synthase 1.82* 1.01 1.29* 

 

Table 1. Expression (Log2Foldchange value) of key genes for heat-
tolerance under different conditions. Asterisk shows the statistical 
significance (padj < 0.05, t-test).

Several genes up-regulated in S20 group were reported as key genes of heat-tolerance in plants.

Some of those genes were also induced by SHE under 10 ℃.

SHE pre-treatment induced some key genes of heat-tolerance



ID Annotation S10 C20 S20 

Novel.11516.1 DNA methyltransferase 1-associated protein 0 15.52* 28.20* 

Novel.2688.1 Histone deacetylase -1.43* -1.12* -0.97 

py03239.t1 Histone deacetylase 0.05 -2.38* -0.38 

Novel.2688.2 Histone deacetylase -0.48 -1.06* 0.16 

Novel .2688.4 Histone deacetylase -0.98 1.02* 0.11 

Novel .2688.3 Histone deacetylase 0 12.34* 0.11 

py08775.t1 Histone methyltransferase 0.92 1.87 2.35* 

Novel .7378.2 Histone methyltransferase complex subunit  -0.27 1.63* 1.42* 

py11164.t1 Histone methyltransferase complex subunit 0.51 1.19 3.23* 

py06220.t1 Adenine specific DNA methyltransferase -0.79 2.10 2.06* 

py02802.t1 Adenine specific DNA methyltransferase -0.69 2.08 2.13* 

 

Table 2. Expression (Log2Foldchange value) of DEGs related to 
epigenetic modification under different conditions. Asterisk 
shows the statistical significance (padj < 0.05, t-test).

SHE pre-treatment may facilitate the formation of heat stress memory

• SHE pre-treatment alone didn’t induce 
the genes related to epigenetic 
modification.

• Up-regulation of genes related to 
epigenetic modification was not 
statistically significant.

• SHE pre-treatment combined with heat 
stress can increase the expression of 
several genes related to epigenetic 
modification.



Dr. Qikun Xing

Model of heat-tolerance induced by SHE in Neopyropia yezoensis



• SHE can be a technology enhancing temperature tolerance of Neopyropia

• Can SHE work for Saccharina and Undaria, too?

• Can an acquired trait be inherited?



• Human food 

Seaweed biomass applications

• Animal feed (abalones, >50 % of kelp production)

Neopyropia: ~100%, >$500 million export in 2017

Kelps, ~50%

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj_09qLzdbeAhVYE4gKHYDQCBgQjRx6BAgBEAU&url=https://againstallgrain.com/2015/08/19/my-costco-paleo-shopping-list/&psig=AOvVaw1aPH1Z9ZfJ4Z-qRt5tivp4&ust=1542378297285220
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwjYjfSb39feAhWZ7GEKHeOfA38QjRx6BAgBEAU&url=http://monsterhigh.wikia.com/wiki/File:Logo_-_Costco.jpg&psig=AOvVaw2XOX6eCtgu3wQgwWLTCCww&ust=1542417535026369


• Cosmetics

Seaweed biomass applications

Total market size in Korea: > $1 billion

Potential market for seaweed based products: > $200 

million 

• Functional foods

• Fertilizers and fish source ingredients

Total market size in Korea: > $2.3 billion

Potential market for seaweed based products: > $47 

million 

Total market size in Korea: > $4.3 billion

Potential market for seaweed based products: > $430 million 



Photograph

Carbonization process scheme

Carbonization outline Analysis of Suaeda maritima properties

SEM / EDS

TGA

Same conditions

• Atmosphere: N2

• Tm: 30 min

• Heating rate: 5 ℃min-1

Carbonization process: 2 step
N2 atmosphere

Step 1

SV: 600 ℃

Step 2

SV: 900 ℃

Element
Atomic

(%)

C 69.34

O 16.41

The others 14.25

Carbonization Protocol

• Grinding to decrease size of primary particle

• Calcination at high temperature to make marine-inspired carbon materials

• Additional reducing primary particle size by ball-milling process

→ Use for battery materials (electrode & coating materials for LIBs) • Step I (600 ℃): Surface modification

• Step II (900 ℃): Additional surface modification to improve electronic conductivity

Prof. Taeeun Yim
(INU)

Lithium-ion batteries Carbonization protocol
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• Ulva-modified Ni-rich NCM cathode materials were evaluated as a cathode materials 

for LIBs
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• Thermally treated Ni-rich NCM cathode materials using Ulva were prepared for LIBs 

and its surface morphology was characterized by SEM

Application of Ulva



Cathode: LFP Separator: PE

Cycle performance

SEM / EDS

DOL:DME=2:8 (v/v%), 0.4 M LiNO3, 1.0 M LiTFSICycle performance

5 μm 5 μm
C coating BC coating

CP-SEM

• Carbon was coated on the LiFePO4 (LFP cathode) to increase electronic conductivity

• Size of primary particle affects electrochemical performance such as initial specific 

capacity and retention

• Overall electrochemical performance was improved in the LFP cathode material 

controlled by low-particle sized carbon material

• Carbon was used for coating layer on the surface of PE separator

• Marine-inspired carbon-coated PE separator showed stable cycling retention 

because it prevented undesired polysulfide dissolution

• Size-control of carbon coating materials are now ongoing to further increase overall 

performance of Li-S cell

Application of Suaeda maritima



Courtesy of Ju-Hyoung Kim
(Kunsan National University)

Seaweed as a new eco-friendly source for transparent 
and functional regenerated cellulose composite film





Seaweed has been a very important resource for Korean people!

Korean people consumed chopped and dried Neopyropia before 1425 (Bae 1991, Sohn 
1998)

The oldest seaweed aquaculture occurred nearly 400 years ago (Chung 1937, Bae 1991, Sohn 
1996)

A fisherman found some floating bamboo twigs with Neopyropia attached and began his 
own cultivation by planting bamboo twigs along the seashore

Seaweed farming in Korea expanded rapidly in the 1970s

low-quality seaweed products, genetic degradation, failure to adapt environmentally, and 
an increase in the incidence of disease

Breeding and cultivar development



Kelp cultivation: Marine Biomass Program in CA in the 1970s and in NY in 1980s

What happened in the 1970s in the US

Neopyropia/Pyropia/Porphyra cultivation in WA in the 1980s





MEGA Lab (Marine Ecology and Green Aquaculture Laboratory), Incheon National University
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