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Effects of an iron-enriched fertilizer on Saccharina japonica in tank with
running Toyama Bay deep seawater
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Abstract

To test the effects of the iron-enriched fertilizer (mixture of converter-derived steelmaking slag
and humus soil), young sporophytes and immature gametophytes of Saccharina japonica were
cultured in outdoor tanks with running deep seawater (DSW) pipelined from 394 m in Toyama
Bay, which is known as clean, stable, and nutrient-rich with less iron concentration than surface
water. DSW was poured through the 1st collecting tank (50 L in volume) prior to pumping into
two 2nd tanks (80 L in volume, one with 2 kg fertilizer every 2 d and another without fertilizer as
the control). DSW from the 2nd tanks was piped and allowed to overflow in three aquaria (70 L in
volume, two fertilized and one control) for culture. As the result, young sporophytes grew with no
significant differences in the thallus length and width among aquaria, but thallus thickness, SPAD
value, and chlorophyll @ contents at thallus tips were significantly higher in fertilized aquaria. In
fertilized aquaria, some sporophytes formed sori. Immature gametophytes matured in all aquaria,
but density and early growth of young sporophytes were significantly higher and faster in fertil-
ized aquaria. These results confirmed the positive effect of iron enrichment even in nutrient-rich
condition.
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Fig. 1.

Diagram (left) and photo (right) of the culture equipment composed of the primary tank for pooling deep seawater, two

secondary tanks (with and without fertilizer) and three culture aquaria (two for fertilization and one for control) with each

pump.
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Saccharina japonica sporophytes before the culture
experiment (A) and those cultured for 35 days in fer-
tilized aquaria 1 (B) and 2 (C) and a control aquarium
(D) shown in Fig. 1.
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Fig.3. Water temperature recorded at control culture tank
(see Fig. 1) during the S. japonica sporophyte culture
experiment.
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Table 1. Apparent relative growth rates (ARGR) in length and width and thickness of S. japonica sporophytes in the three culture
aquaria.
n==6 Fertilized aquarium 1 Fertilized aquarium 2 Control aquarium
ARGR in length* [—] 2.77+3.15 272+281 2.76+3.15
ARGR in width* [—] 0.32%0.60 —0.01+0.25 0.19%+0.57
Thickness (after 35d) [mm] 0.44%0.10 0.46 +0.05 0.32+0.14

*ARGR in length (or width) =L»n (L2 —L1)/ 35, L1: initial length (or width), L2: (length or width) after 35 d culture.

Table 2. SPAD values and concentration of Chl. @ in S. japonica sporophytes after 35 d culture.

Fertilized aquaria 1 and 2

Control aquarium

Meristem area Central area Tip area Meristem area Central area Tip area
SPAD value (7 =20) 75+1.0 9.0+0.8 — 40+0.7 64+1.3 —
Chla [ug/wet g] (n=3) 24716 +24.78 944.38 +102.27 1369 +24.94 248.30 +39.73 932.38+12342  983.82+89.71
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Fig.7.  Time course changes in Chl. ¢ indicating densities of

planktonic (left) and attached (right) microalgae in fer-
tilized aquaria 1 ([]) and 2 (O) and a control aquari-
um (2) during the S. japonica sporophyte culture ex-
periment.
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Fig.8. Time course changes of N, P, Si and Fe concentration in the 2nd tank (with fertilizer, ) and its downstream aquaria 1 ([])
and 2 (O) during the S. japonica gametophyte culture experiment.
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Fig.9. Time course changes of N, P, Si and Fe concentration in the 2nd tank (without fertilizer, ) and its downstream control

aquarium (£) during in the S. japonica gametophyte culture experiment (€: 2nd tank (control tank) and 2\: control
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Fig. 10. Number of sporophytes/20 mm mesh net after 25 and
83 days (n=5) and the length of sporophytes after 83
days (n=26) in the S. japonica gametophyte culture
experiment.

Fer. aq.: fertilized aquarium, Con. aq.: control aquarium
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Fig. 11. Sporophytes (arrows) of S. japonica after 84 d in the gametophyte culture experiment.

A: fertilized aquarium 1, B: fertilized aquarium 2 and C: control aquarium
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Fig. 12. Time course changes in Chl. ¢ indicating densities of
planktonic (left) and attached (right) microalgae in the
S. japonica gametophyte culture experiment.
[ fertilized aquarium 1, O: fertilized aquarium 2 and A\:

control aquarium
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