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Combined effects of increasing CO, concentrations and solar UV radiation on the
physiological performance of Hizikia fusiformis Okamura ( Sargassaceae,
phaeophyta )
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1 School of Marine Science and Technology , Huaihai Institute of Technology, Lianyungang 222005, China
2 College of Environment and Energy, South China University of Technology, Guangzhou 510006, China

Abstract: Here, we investigated the physiological responses of the economically important brown macroalgal species,
Hizikia fusiformis, to solar ultra-violet (UV) radiation and increasing CO, concentrations. Specifically, we cultured the alga
under two different CO, concentrations (380 and 800 ppmv) and two different solar radiations ( PAR: photosynthetically
active radiation 400—700 nm; PAB: full spectrum solar radiation, 280—700 nm) outdoors. Two radiation treatments were
established in the experiment; (1) thalli that received full spectrum solar radiation ( PAB treatment) in quartz tubes
covered with Ultraphan 295, and (2) thalli that only received PAR (P treatment) in quartz tubes covered with Ultraphan

film 395. CO, was supplied to the different treatments by bubbling (300 mL./min) ambient air (390 ppmv) or air enriched

HEEWB . HE A RFEI 4 (41276148 F141106093) , TLAE 1A YHOR T 2 900 = RS (2010HS08 ) , VL4 “ 7 i TR AA 4 VLR
AR i TR YT Bh 3 H

175 B H#5:2013-05-26; P 2% H ki B A :2015-04- 14

# IAMEZH Corresponding author. E-mail ; dhzou@ scut.edu.cn

http ://www.ecologica.cn



2 S % 358

with CO,(800 ppmv CO, in the air) with a plant CO, incubator that automatically controlled CO, concentrations, with less
than 5% variation. For all treatments, algae were grown at 20°C , which was regulated by a cooling unit. The growth rate,
photosynthesis, dark respiration, photosynthetic pigment contents, soluble carbohydrates, proteins, and nitrate reductase
activity were measured after three weeks of culture. Our results showed that elevated CO, significantly enhanced the relative
growth rate of H. fusiformis. UV radiation appeared to have no negative effects on thalli grown under high CO, conditions.
High CO, and UV culture conditions both reduced the net photosynthetic rate of H. fusiformis. However, no significant
difference was found in the dark respiration of H. fusiformis among all treatments. Chlorophyll a and carotenoid contents
declined when H. fusiformis was cultured under high CO, conditions, whereas UV had no significant effect on the content of
the two pigments. There was no difference in soluble carbohydrates among all treatments; however, compared to all other
treatments, soluble protein content significantly increased in thalli grown at high CO,and full spectrum solar radiation.
Nitrate reductase activity was enhanced by high CO, treatment, but was inhibited in thalli grown under both UV and high
CO, conditions. Overall, the physiological performance of H. fusiformis was most significantly influenced by CO, and UVR,
with increasing CO, concentrations potentially alleviating the negative effects of UVR on thalli performance. This information

is expected to help enhance the production of H. fusiformis grown in sea areas designated for future culturing.
Key Words: UV radiation; CO,; Hizikia fusiformis; growth; photosynthesis
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Fig. 1 The change about daily dose of photosynthetically active
radiation ( PAR ), ultra-violet A ( UV-A) and ultra-violet B

(UV-B) during experiment periods
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Fig.2 Daily fluctuations of seawater pH in the culture of Hizikia
Sfusiformis grown under different CO, concentrations ( Ambient
CO, level; LC, 380 ppmv; High CO, level: HC, 800 ppmv) and
with exposure to photosynthetically active radiation (PAR) or full

spectrum solar radiation (PAB)
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Fig. 3 The relative growth rate ( RGR) of Hizikia fusiformis
grown under different CO, concentrations ( Ambient CO, level:
LC, 380 ppmv; High CO, level; HC, 800 ppmv) and with exposure
to photosynthetically active radiation ( PAR) or full spectrum
solar radiation ( PAB)

http ; //www.ecologica.cn



21 4 XURFEE 45 R CO, T ISR SN S A ELAE XS A7 52 A PR ) R ) 5

~ PAR PAR + UVR

= N0 £S5 380ppmv s 0

g— 25 a 1 800ppmv W -l

o it c ke oL

S 20 r b 1 gﬁ’

z . b = 37

E 15 | 2l

< e

M 10 -5+

& 5Lk = 6 r

B2 =

;& S A T I S I

- 0 a a a a
PAR PAR+UVR

Bl 4 ZFEHEERTRS PAR F12ALES PAB(PAR+UVR) B ARE CO, &K E (1F % 2= 5K LC, 380 ppmv Al CO,7KF HC, 800
ppmv) EFREH T, EEXELSIEREZE(A) FPERER(B) MELER

AN IR B A QR A B0 ] Y J 354 22 5+ (P<0.05)

Fig.4 The change about the maximal net photosynthetic rate ( A) and dark respiration rate (B) of Hizikia fusiformis grown under

different CO, concentrations ( Ambient CO, level; LC, 380 ppmv; High CO, level: HC, 800 ppmv) and with exposure to photosynthetically

active radiation (PAR) or full spectrum solar radiation ( PAB)
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Fig. 6 The change about soluble carbohydrates ( A) and soluble proteins (B) contents of Hizikia fusiformis grown under different CO,

concentrations ( Ambient CO, level: LC, 380 ppmv; High CO, level: HC, 800 ppmv) and with exposure to photosynthetically active

radiation ( PAR) or full spectrum solar radiation ( PAB)
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Fig. 7 The changes of Chlorophyll a (Chla) (A) and Carotenoid ( B) contents of Hizikia fusiformis grown under different CO,
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