Biomass production by seaweed:

cultivation technology, potentials and challenges
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World harvest of marine macoalgae:

appr. 10 mio. t fresh weight per year,

malnly for food and appr. 90% from aquaculture
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Laminaria (Kombu): 4,5 mio. t
Undaria (Wakame): 2,5 mio. t

Porphyra (Nor1): 1,4 mio t

Kappaphycus/Eucheuma: 1,3 mio. t
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Development
Sporangial area = sorus

---Sorus in nature in autumn
---Sorus in the laboratory all year round in short-day conditions at 8 h light per day
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Fig. 4 Seasonal course of sorus formation as a percentage of treated
individuals (n=10) with visible sorus at the end of experimental series
performed at Grenaa, Sylt, and Trondheim. Experiments were ended at
Sylt and Grenaa after 6 weeks and in Trondheim after 12 weeks (except
for April, June, and September: after 11, 7, or 10 weeks, respectively)




distal direction and prevents sorus formation, when alga is actively growing
The fast-growing alga actively prevents sorus formation and allocates in this way
100% of photosynthate into new tissue st the base of the blade.




Development
Cross section through sorus
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Drying sorus portions for 24h under cool conditions (fridge):
upon re-immersion in seawater release of zoospores = motile spores
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Liining, K.(1981): Egg release in gametophytes of Laminaria saccharina induced by darkness and inhibition by blue light and. U.V. (Br. phycol. J. 16, 379-393)
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Vegetatlve (=pel‘ennla|) gametophytes, if blue light lacks or temperature higher

Week 1

Week 2

Zoospore [(1)Embryospore and primary cell

(2)Vegetative phase of primary cell

(3A) Reproductive phase

(3B) Phase of filamentous growth
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High throughput culture and gametogenesis induction
of Laminaria japonica gametophyte clones

Quan Sheng Zhang + Shan Cun Qu + Yi Zhou Cong +
Shi Ju Luo - Xue Xi Tang
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Fig. 5 Mass gametophyte clones cultured in 20-L bottle with aeration







Aquaculture with

" & Laminaria japonica in China
* ]
‘L ' |n|t|ated by Prof. C.K. Tseng since 1950 s
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China: Completey new and ,artificial, since sea water temperature in
northern China reaches 27 °C — no survival of Laminaria in summer



China: P ®
Kelp nursery: /' SR E e ANBEY

---Cooled seawater in
summer (8-10°C), while
27 °C in the sea

---Cultivation of
gametophytes from
zoospores (partially also
from vegetative
gametophytes) and
resulting Laminaria
summer sporelings up to
a length of 5-10 cm

--- Immersion in the sea in
September at
temperatures <17°C

Seaweed farming in China (Chen, 2006).



China 1970 (Mao's time)
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Fig. 6 Length of sporophytes that were transferred to the sea at Bjugn,
Norway in August (n=45) and November (#=15) 2010 and February
(n=45) 2011 and cultivated for 257, 168, and 84 days, respectively
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ON THE CULTIVATION OF HAITAI (LAMINARIA JAPONICA
ARESCH.) BY SUMMERING YOUNG
SPOROPHYTES AT LOW TEMPERATURE

C. K. Tsens, K. Y. Sux anp C. Y. Wu 435 5"

Marine Biological Laboratory, Academia Sinica
(Summary)

Commercial cultivation of haitai (Levinaria Japonice: Aresch) has lean
“carried on at Tsingtao since 1952. Although production has been stepped up
quickly in the last few years, the industry has not been advancing as rapidly as it
is desired. This is due to the existence of several problems inhibiting the progress
of the industry. One of these concerns with the detrimental effect of various algal
'growths, particularly Ectocarpus, Ulva and co'onial diatoms such as Licuor phore,
on the growth of the Laminaria gametophyies and the development of its sporo-
phytes.

In the haitai cultivation at Tsingtao, spore collection is ellected in late October
through November when surface sea water temperature has already dropped down
to below 20°C. Tt tales from two to three weeks under good conditions, and
much more time under less anpropriate conditions {or the completion of the growth
and . developmental processes from spores to -sporophytes. During this period,
Laminaria has the least ability of competition against algal weeds, and it is in
the same period when Eetocar pus and various other algal weeds are most vigorous
in their multiplication. Therelore, soon after the setiing of the collectors with the
Lantinaria spores in the sea, spores of these weeds quickly adhere to these arti-
ficially set substrata, and before formation of the Famwinaria sporophytes has been
effected, these weeds have already grown to such sizes as to choke the microscopic
gametophyies, prohibiting them from receiving sufficient light to satisfy their growth
and developmental requirements. Thus, formation of haitai sporophytes is preatly
delayed or even totally inhibited, resulting in greatly decreased production or in
extreme cases, total failure of the crop.

Solution of the problem has therefore become one of the keys to the further
development of the haitai cultivation industry. A means to solving this problem




China:

Kelp nursery: —

---Cooled seawater in
summer (8-10°C), while
27 °C in the sea

---Cultivation of
gametophytes from
zoospores (partially also
from vegetative
gametophytes) and
resulting Laminaria
summer sporelings up to

a length of 5-
10 cm

--- immersion in the sea in

Septem ber at Seaweed farming in China (Chen, 2006).
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The terrible summer for sea-cultivated

Saccharina in Norwegian waters
From June and during the rest of the summer period,

epiphytes like bryozoans, blue mussels, hydroids, and other
algac were covering the sporophytes
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tank cultivated Sacchar

Lysefjorden, 2012, Aug 23
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Helgoland

(rocky island in the
southern North Sea):

Laminaria
individuals
fixed to an iron
frame directly
fastened on the
sublittoral
rock (almost
like in nature),
NO ROPE
CULTURE
with blades
down hanging
(1) Saccharina
grows well at 2
m water depth
in the sea also

in June and
July

Liining (1979) Mar. Ecol.
Prog. Ser. 1, 195-207.
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(2) No animal
epiphytes on
the blades in
summer in the

sea:
because in
natural
Laminaria
vegetation

directly on
the rock
there is the
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