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Abstract : The aim of this study was to examine optimal induction method for carpospore release from
Agarophyton vermiculophyllum cystocarps for seedling production. We tested the effects of environmental
factors on carpospore release by using five different induction methods; spontaneous, desiccation, low
temperature, desiccation+low temperature, and osmotic shock. Also, carpospores release was estimated at
three temperatures (20, 25, and 30°C), and then under combinations of three day lengths (8, 12, and 16h) and
two irradiances (30 and 60 pmol photons m™ s™), after pretreatment at desiccation+low temperature for 2 hr.
The number of carpospores released was between 113 ~ 682 spores /cystocarp/day and it was maximal in the
desiccation+low temperature treatment. Optimal environmental conditions for carpospore release of A.
vermiculophyllum were 25°C, 16 h, and 60 pmol photons m? s, The present results suggest that massive
carpospores for seedling production of 4. vermiculophyllum could be obtained under a combination of 25°C,
16 h, and 60 umol photons m™ s™ after pretreatment in the desiccation+low temperature.
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Fig. 1. Average number of carpospores daily released per cystocarp in A. vermiculophyllum under five different spore

induction methods. Experiments ran for 6 days at 25°C and 60 pmol photons

m? s' and 12:12h L:D. Different

letters represent significant differences. Vertical bars indicate mean £ SE (n = 3 replicates). DS, Desiccation shock
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Fig. 2. Average number of carpospores daily released per cystocarp in A. vermiculophyllum under three different

temperatures. Experiments ran for 5 days at 60 pmol photons m? s

and 12:12h L:D. Different letters represent

significant differences. Vertical bars indicate mean = SE (n = 3 replicates)
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Fig. 3. Average number of carpospores daily released per cystocarp in A. vermiculophyllum under two different imadiances
and three daylengths. Experiments ran for 5 days under 25°C. Different letters represent significant differences.

Vertical bars indicate mean £ SE (n = 3 replicates)

Table 1. Analysis of variance (two-way ANOVA) for the effects of imadiance and daylength on the daily carpospore

output of each cystocarp of A. vermiculophyllum

Factors df MS F P
Irradiance 1 2119 0.309 0.588
Daylength 278727 40.767 < 0.001

Interaction (I x D) 2 38447 5.623 0.019
3L A7) o A MaE HEA S T2 FE o] AU 2A(16 h)ol| A v 3 ~ 4 Fof WEERe 2%
(30,60 pmol photons m™ s™)9} (8, 12, 16h)o] 2P g ot = Holi= gloleh Al Aol A B A7}
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tons m?s™) 2] 7%, gH O] o A 5 FotEE B 08 WA YIS Gracilaria spp.)S] TFEAL} AR LA} )
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A27(16 hyol A At Fdx7o 4= 8 hel 12 he
oL 2710] WIShA Teke] S-S S 5 o niP
<0.001), 8 he} 12 h YA A= 23t Zpo| & Hol |
oFSFHP > 0.05). 31, 60 pmol photons m™ s o] 4] H}-25
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ofl Al H T FoLHP <0.001), 271 9] F =2 A A= 525t
2to]7} gl A0 & SRIE UTHP = 0.588, Fig. 3). A=
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| ¢lthTable 1, Fig. 3).
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Table 2. Sporulation experimental conditions of Gracilaria species

Species Life stage Pretrea}t{nent Culture condition References
condition
Gracilaria cornea Carposporophyte  Spontaneous Temp.: 25, 28, 31°C Orduiia-Rojas and
Irradiance: 10, 25, 50, 75, 100 pmol m? s' Robledo 1999
G. gracilis Carposporophyte  Spontaneous Temp.: 13, 18°C Michetti et al. 2013
Osmotic shock Irradiance: 10, 30, 60 pmol m? s
Desiccation (1h dark) Photoperiod: 8:16, 12:12 h L:D
G. foliifera var.  Carposporophyte  Spontaneous Temp.: 16, 18, 20, 22, 24, 26, 28°C Friedlander and
angustissima Irradiance: 0, 8, 37, 77 pmol m? s Dawes 1984
G. pacifica Tetrasporophyte  Spontaneous Temp.: 15, 21, 24°C Garza-Sanchez et al.
Irradiance: 0, 60, 140 pmol m? s’ 2000
Carposporophyte  Spontaneous Temp.: 15, 21, 24°C
Irradiance: 0, 60, 140 pmol m? s’
G. cornea Carposporophyte  Spontaneous Temp.: 23, 26, 29°C Guzman-Uridstegui
Irradiance: 0, 20, 40 pmol m? s and Robledo 1999
Photoperiod: 8:16, 12:12, 16:8 h L:D
Osmotic shock Temp.: 23, 26, 29°C
Irradiance: 0, 20, 40 pmol m? s
Photoperiod: 8:16, 12:12, 16:8 h L:D
Desiccation Temperature: 23, 26, 29°C
Irradiance: 0, 20, 40 pmol m? s
Photoperiod: 8:16, 12:12, 16:8 h L:D
G. lemaneiformis Tetrasporophyte  Spontaneous 20°C, 30 pmol m? s, 12:12 h L:D Ye et al. 2006
G. dura Carposporophyte  Spontaneous 24°C, 15 pmol m? s, 12:12 h L:D Mantri et al. 2009
G. verrucosa Tetrasporophyte  Spontaneous No data Oza et al. 1994
Carposporophyte
G. verrucosa Tetrasporophyte ~ Spontaneous in dark No data Kim et al. 2001
Carposporophyte  Desiccation
Osmotic shock
(distilled water)
G. verrucosa Carposporophyte ~ Osmotic shock No data Alveal et al. 1997
(tap water)
G. arcuate var.  Tetrasporophyte  Spontaneous 10 umol m? s, 8:16 h L:D Kaliaperumal et al.
arcuate Carposporophyte 1986
G. corticate var.
cyclindrica

*Gracilaria verrucosa = G. vermiculophylla = A. vermiculophyllum

*Optimal sporulation condition is bold
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Table 3. Sporulation experimental conditions of red macroalgal species

Species Life stage Pretreaftr‘nent Culture condition References
condition
Gelidium Tetrasporophyte Spontaneous 15°C, < 10 pmol m? s’ Correa et al. 1985
lingulatum
Gelidium chilense Tetrasporophyte Spontaneous 15°C, < 10 pmol m? s’
Gracilariopsis Tetrasporophyte Spontaneous Temperature: 15, 20, 25, 30°C Zhou et al. 2013
lemaneiformis Irradiance: 15, 30, 45, 60 pmol m? s
Salinity: 20, 25, 30, 35 psu
Photoperiod: 8:16, 12:12, 10:14, 14:10 h L:D
Carposporophyte  Spontaneous Temperature: 15, 20, 25, 30°C

Irradiance: 15, 30, 45, 60 pmol m? s
Salinity: 20, 25, 30, 35 psu
Photoperiod: 8:16, 12:12, 10:14, 14:10 h L:D

Palmaria palmata Tetrasporophyte
x Desiccation
(overnight)

Low temp. (4°C) No comparison

Le Gall et al. 2004
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